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(57) In order to solve a problem that a display process
becomes complicated in a display device, an image en-
coding device includes an encoder that encodes a first
field of a specific frame as an intra picture which is pre-
dicted by using only an intra prediction, and that encodes
the first field of the above-described specific frame, a
second field of the above-described specific frame, a pic-
ture whose encoding order is later than that of the first
field of the above-described specific frame later and

whose display order is earlier than that of the first field,
and another picture whose encoding order and also dis-
play order are later than those of the first field of the
above-described specific frame in order of those pictures,
and a multiplexer that multiplexes information showing
that the first field of the above-described specific frame
is a picture, in a bitstream, at which decoding can be
started into the above-described bitstream.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an image encoding device for and an image encoding method of performing
encoding with a high degree of efficiency, and an image decoding device and an image decoding method.

BACKGROUND OF THE INVENTION

[0002] For example, in a conventional image encoding device described in the following nonpatent reference 1, an
inputted color image is partitioned into largest coding blocks each having a predetermined size, and each largest coding
block is further partitioned hierarchically into smaller coding blocks.
[0003] Each coding block is further partitioned into smaller prediction blocks, and an intra-screen prediction and a
motion-compensated prediction are performed on each of the prediction blocks to generate a prediction error.
[0004] Further, the prediction error is divided hierarchically into transformation blocks within each coding block, and
each of the transform coefficients is entropy-encoded, thereby achieving a high compression ratio.
[0005] In order to implement efficient encoding using a temporal correlation in a conventional image encoding device,
a block having a high correlation with a coding target block is searched for from an already-encoded picture on the basis
of, for example, an encoding configuration as shown in Fig. 37, and encoding using a motion-compensated prediction
which provides the block which is searched for as a predicted value is implemented. Generally, the picture through which
the search (reference) is performed at that time is referred to as a reference picture. Particularly, it is known that a
bidirectional prediction which is motion compensation which refers to both a past picture and a future picture in display
order as shown in Fig. 37 can implement a high-accuracy prediction. However, providing a reference relation between
pictures in this way results in dependence occurring in the decoding of each picture, and, as a result, a halfway playback
of a sequence, this playback decoding an encoded bitstream from some point of this bitstream, cannot be implemented.
[0006] Therefore, when using the encoding configuration using a bidirectional motion-compensated prediction as
shown in Fig. 37, there is a case of preparing a random access point at which to make it possible to correctly perform
a playback even if the encoded bitstream is decoded from some point of the bitstream. For example, a case is examined
in which a gray (shaded) picture having a number of 8 in the display order of Fig. 37 (having a number of 1 in the decoding
(encoding)) order is set as a picture which is described in nonpatent reference 1 and can be accessed randomly (Intra
Random Access Point (IRAP) picture described in nonpatent reference 1). In nonpatent reference 1, a picture whose
decoding order (decoding order in a decoding device, and this decoding order has the same meaning as the encoding
order in an encoding device) is later than that of an IRAP picture and whose display order is earlier than that of the IRAP
picture (each of pictures having numbers 1 to 7 in the display order of Fig. 37) is defined as a "leading picture", and a
picture whose decoding order and display order are later than those of the IRAP picture (each of pictures having numbers
9 to 16 in the display order of Fig. 37) is defined as a "trailing picture." When the gray (shaded) picture having a number
of 8 in the display order of Fig. 37 (having a number of 1 in the decoding (encoding) order) is a CRA (Clean Random
Access) picture which is a kind of an IRAP picture, there is no guarantee that the leading pictures can be decoded
correctly when the decoding is started from the CRA picture, but the trailing pictures can be decoded correctly at all
times. Limitations imposed on each associated picture are defined so that this operation is guaranteed. Concretely, in
the image encoding device described in nonpatent reference 1, the use of each leading picture as a reference picture
of a trailing picture is prohibited, while the existence of a picture whose display order is later than that of an IRAP picture
and whose decoding order is earlier than that of the IRAP picture is also prohibited. In addition, in nonpatent reference
1, it is defined that each leading picture must be decoded (encoded) before the trailing pictures. Under such a definition,
also when starting the decoding at some point of the encoded bitstream, by using a CRA picture, a picture whose display
order is later than that of the CRA picture can be always decoded correctly by starting the decoding from the CRA picture,
and a halfway playback of the encoded sequence can be implemented. Further, because it is only guaranteed that the
trailing pictures can be decoded correctly in the case in which the picture is a CRA picture, the leading pictures make it
possible to perform a bidirectional prediction also including the CRA picture, and a reduction of the coding efficiency
which is caused by the insertion of the picture which can be accessed randomly can be reduced.

RELATED ART DOCUMENT

NONPATENT REFERENCE

[0007] Nonpatent reference 1: B. Bross, W.-J. B. Bross, W.-J. Han, J.-R. Ohm, G. J. Sullivan, Y.-K. Wang and T.
Wiegand, "High Efficiency Video Coding (HEVC) text specification draft 10 (for FDIS & Consent)", doc. JCTVC-L1003,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 12th Meeting,
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BRIEF SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Because the conventional image encoding device is constructed as above, in the case of a progressive video
in which each frame consists of one picture, by starting the decoding from a specific picture even from some midpoint
in an encoded bitstream, a random access which makes it possible to correctly decode pictures after the picture in the
display order can be implemented. On the other hand, in the case of an interlaced video in which each frame consists
of two fields: a top field and a bottom field, there is a case of performing the encoding with the field pair configuration
being provided as a reference configuration, each frame which consists of two fields being taken into consideration in
the field pair configuration, while setting each of these fields as a picture which is a coding unit. An example of the field
pair configuration using a bidirectional prediction is shown in Fig. 33. In this example, when a top field shown by a gray
box having a number of 32 in the display order of Fig. 33 (a number of 18 in the decoding (encoding) order) is tried to
be set as a picture which can be accessed randomly, because a part of pictures which are leading pictures refers to
both the top field having a number of 32 in the display order and the bottom field having a number of 33 in the display
order, the decoding order must be the one in which immediately after the top field having a number of 32 in the display
order is decoded, the bottom field having a number of 33 in the display order which is a trailing picture is decoded and,
after that, leading pictures are decoded. However, according to the definition described in nonpatent reference 1 and
indicating that leading pictures must be decoded (encoded) ahead of trailing pictures, the top field having a number of
32 in the display order cannot be set as a CRA picture. In other words, because immediately after the top field having
a number of 32 in the set display order is decoded as a CRA picture, the bottom field having a number of 33 in the
display order which is a trailing picture cannot be decoded when the decoding is performed according to the definition
described in nonpatent reference 1 and indicating that leading pictures must be decoded (encoded) ahead of trailing
pictures, the reference configuration of Fig. 33 cannot be provided. Therefore, when it is going to implement random
access using a CRA picture within the limits of the definition described in nonpatent reference 1, for example, the
reference configuration is changed to the one in which each leading picture does not refer to the bottom field having a
number of 33 in the display order while it is necessary to modify the configuration in such a way that the bottom field
having a number of 33 in the display order is decoded after the leading pictures are decoded, and define the bottom
field having a number of 33 in the display order as a CRA picture. A problem with the former case is therefore that
because the reference picture of each leading picture is limited as compared with the reference configuration of Fig. 33,
the prediction efficiency degrades. In the latter case, when performing a playback from the start of the encoded bitstream,
the video is played back from the top field, and when performing a playback from some midpoint in the encoded bitstream,
the video is played back from the bottom field. More specifically, a problem is that the decoding cannot be performed at
all times from the same field irrespective of the decoding start position of the encoded bitstream, and the display device
is required to be ready for such a playback and therefore the display process becomes complicated.
[0009] The present invention is made in order to solve the above-mentioned problems, and it is therefore an object of
the present invention to provide an image encoding device, an image encoding method, an image decoding device, and
an image decoding method that make it possible to generate and encode an encoded bitstream which can be played
back at all times from the same field irrespective of the decoding start position of the encoded bitstream also in the field
pair encoding of an interlaced video.

MEANS FOR SOLVING THE PROBLEMS

[0010] In accordance with the present invention, there is provided an image encoding device that encodes each field
as a picture, each frame consisting of two fields: a first field and a second field, the image encoding device including:
an encoder that encodes a first field of a specific frame as an intra picture which is predicted by using only an intra
prediction, and that encodes the first field of the above-described specific frame, the second field of the above-described
specific frame, a picture whose encoding order is later than that of the first field of the above-described specific frame
later and whose display order is earlier than that of the first field, and another picture whose encoding order and also
display order are later than those of the first field of the above-described specific frame in order of those pictures; and
a multiplexer that multiplexes information showing that the first field of the above-described specific frame is a picture,
in a bitstream, at which decoding can be started into the above-described bitstream.

ADVANTAGES OF THE INVENTION

[0011] In accordance with the present invention, because the image encoding device is configured in such a way as
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to generate an encoded bitstream which can be correctly played back from the same field at all times irrespective of the
decoding start position of the encoded bitstream also in the field pair encoding of an interlaced video, a display device
that displays the decoded image has only to be configured in such a way as to always display the same field first
irrespective of the decoding start position of the encoded bitstream also in the field pair encoding of an interlaced video,
and there is provided an advantage of being able to easily perform the display process.

Brief Description of the Figures

[0012]

[Fig. 1] Fig. 1 is a block diagram showing an image encoding device in accordance with Embodiment 1 of the present
invention; [Fig. 2] Fig. 2 is a flow chart showing processing (image encoding method) performed by the image
encoding device in accordance with Embodiment 1 of the present invention;
[Fig. 3] Fig. 3 is a block diagram showing an image decoding device in accordance with Embodiment 1 of the present
invention; [Fig. 4] Fig. 4 is a flow chart showing processing (image decoding method) performed by the image
decoding device in accordance with Embodiment 1 of the present invention;
[Fig. 5] Fig. 5 is an explanatory drawing showing an example in which each largest coding block is partitioned
hierarchically into a plurality of coding blocks;
[Fig. 6] Fig. 6(a) is an explanatory drawing showing the distribution of coding blocks and prediction blocks after
partitioning, and Fig. 6(b) is an explanatory drawing showing a state in which a coding mode m (Bn) is assigned to
each of the blocks through hierarchical layer partitioning;
[Fig. 7] Fig. 7 is an explanatory drawing showing an example of an intra prediction intra prediction mode which can
be selected for each prediction block Pi

n in a coding block Bn; [Fig. 8] Fig. 8 is an explanatory drawing showing an
example of pixels which are used when generating a predicted value of each pixel in a prediction image generation
block in the case of lin=mi

n=4;
[Fig. 9] Fig. 9 is an explanatory drawing showing relative coordinates of each pixel in the prediction image generation
block which are determined with the pixel at the upper left corner of the prediction image generation block being
defined as the point of origin;
[Fig. 10] Fig. 10 is an explanatory drawing showing an example of a quantization matrix;
[Fig. 11] Fig. 11 is an explanatory drawing showing an example of a configuration of using a plurality of loop filtering
processes in a loop filter unit of the image encoding device in accordance with Embodiment 1 of the present invention;
[Fig. 12] Fig. 12 is an explanatory drawing showing an example of the configuration of using a plurality of loop filtering
processes in the loop filter unit of the image encoding device in accordance with Embodiment 1 of the present
invention;
[Fig. 13] Fig. 13 is an explanatory drawing showing an example of an encoded bitstream;
[Fig. 14] Fig. 14 is an explanatory drawing showing indexes indicating class classifying methods for use in the pixel
adaptive offset process;
[Fig. 15] Fig. 15 is an explanatory drawing showing the encoding order of transform coefficients in orthogonal
transformation on a size of 16x16 pixels.
[Fig. 16] Fig. 16 is an explanatory drawing showing an example of the distribution of transform coefficients in
orthogonal transformation on a size of 16x16 pixels;
[Fig. 17] Fig. 17 is an explanatory drawing showing regions for which switching of filters is performed in a filtering
process at the time of a mean value prediction;
[Fig. 18] Fig. 18 is an explanatory drawing showing the arrangement of reference pixels in the filtering process at
the time of the mean value prediction;
[Fig. 19] Fig. 19 is an explanatory drawing showing a filtering process on an intra prediction image at the time of
field encoding;
[Fig. 20] Fig. 20 is an explanatory drawing showing a transformation block size at the time of performing a compression
process on the luminance signal and the color difference signals in a signal in the YUV4:2:0 format;
[Fig. 21] Fig. 21 is an explanatory drawing showing a transformation block size at the time of performing a compression
process on the luminance signal and the color difference signals in a signal in the YUV4:2:2 format;
[Fig. 22] Fig. 22 is an explanatory drawing showing a transformation block size at the time of performing a compression
process on the luminance signal and the color difference signals in a signal in the YUV4:2:4 format;
[Fig. 23] Fig. 23 is an explanatory drawing showing an example of a correspondence between an intra prediction
parameter and a color difference intra prediction mode of the color difference signals;
[Fig. 24] Fig. 24 is an explanatory drawing showing an example of the correspondence between the intra prediction
parameter and the color difference intra prediction mode of the color difference signals when not using an LM mode;
[Fig. 25] Fig. 25 is an explanatory drawing showing a case of using the same directional prediction for the luminance
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signal and the color difference signals in a signal in the YUV4:2:0 format;
[Fig. 26] Fig. 26 is an explanatory drawing showing a case of using the same directional prediction for the luminance
signal and the color difference signals in a signal in the YUV4:2:2 format;
[Fig. 27] Fig. 27 is an explanatory drawing showing a relation between the YUV4:4:4 format and the YUV4:2:2 format;
[Fig. 28] Fig. 28 is an explanatory drawing showing an example of a directional prediction in the YUV4:2:2 format
which is equivalent to the use of the same directional prediction for the luminance signal and the color difference
signals in a signal in the YUV4:4:4 format;
[Fig. 29] Fig. 29 is an explanatory drawing showing a prediction direction vector for the directional prediction in a
signal in the YUV4:2:2 format;
[Fig. 30] Fig. 30 is an explanatory drawing showing a relation between the directional prediction and an angle;
[Fig. 31] Fig. 31 is an explanatory drawing showing a relation between an intra prediction mode index of the luminance
signal and an intra prediction mode index of the color difference signals in a signal in the YUV4:2:2 format;
[Fig. 32] Fig. 32 is an explanatory drawing showing a relation between the intra prediction mode index and tanθ;
[Fig. 33] Fig. 33 is an explanatory drawing showing an example of an encoding configuration using a bidirectional
prediction in field pair encoding of an interlaced signal;
[Fig. 34] Fig. 34 is an explanatory drawing showing an example of the encoding configuration using the bidirectional
prediction in the field pair encoding of an interlaced signal;
[Fig. 35] Fig. 35 is an explanatory drawing showing an example of the encoding configuration using the bidirectional
prediction in the field pair encoding of an interlaced signal; [Fig. 36] Fig. 36 is an explanatory drawing showing an
example of the encoding configuration using the bidirectional prediction in the field pair encoding of an interlaced
signal;
[Fig. 37] Fig. 37 is an explanatory drawing showing an example of the encoding configuration using the bidirectional
prediction; and
[Fig. 38] Fig. 38 is an explanatory drawing showing a syntax of Recovery Point SEI Message.

EMBODIMENTS OF THE INVENTION

Embodiment 1.

[0013] Fig. 1 is a block diagram showing an image encoding device in accordance with Embodiment 1 of the present
invention.
[0014] A video signal to be processed by the image encoding device in accordance with this Embodiment 1 is an
arbitrary video signal in which each video frame consists of a series of digital samples (pixels) in two dimensions,
horizontal and vertical, including a color video signal in arbitrary color space, such as a YUV signal which consists of a
luminance signal and two color difference signals and an RGB signal outputted from a digital image sensor, a monochrome
image signal, an infrared image signal, and so on.
[0015] The gradation of each pixel can be an 8-bit, 10-bit, or 12-bit one.
[0016] As a matter of course, the input signal can be a still image signal, instead of a video signal, because the still
image signal can be assumed to be a video signal which consists of only a single frame.
[0017] In the following explanation, for the sake of convenience, the inputted video signal is assumed to be, unless
otherwise specified, a signal having a YUV4:2:0 format in which the two color difference components U and V are
subsampled by a factor of two both in the vertical and horizontal directions with respect to the luminance component Y,
a signal having a YUV4:2:2 format in which the two color difference components U and V are subsampled by a factor
of two in the horizontal direction with respect to the luminance component Y, or a signal having a YUV4:4:4 format in
which the two color difference components U and V have the same number of samples as the luminance component
Y. Further, as to a signal having an RGB4:4:4 format which consists of trichromatic signals of red (R), green (G) and
blue (B), each of the signals is assumed to be a signal having the YUV4: 4: 4 format, and the same encoding as that on
the YUV4: 4: 4 format is performed on the signal. However, how each signal (RGB) having the RGB4:4:4 format is
brought into correspondence with each signal (YUV) having the YUV: 4 : 4 : 4 format is not limited (can be set arbitrarily).
Further, in the case of a YUV4:4:4 4 format signal or an RGB4:4:4 format signal, each signal can be assumed to be a
monochrome image signal, and monochrome (YUV4:0:0) encoding can be performed independently on each signal to
generate a bitstream. By doing in this way, the encoding process can be performed on the signals in parallel.
[0018] A data unit to be processed which corresponds to each frame of the video is referred to as a "picture", and an
explanation will be made in this Embodiment 1 by assuming that a "picture" is a signal of an image frame on which
progressive scanning is performed. However, when the video signal is an interlaced signal, a "picture" can be a field
image signal which is a unit which constructs an image frame.
[0019] Referring to Fig. 1, a slice partitioning unit 14 performs a process of, when receiving a video signal as an
inputted image, partitioning the inputted image into one or more part images, which are called "slices", according to slice
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partitioning information determined by an encoding controlling unit 2. Each slice partitioned can be partitioned into up
to coding blocks which will be mentioned below.
[0020] A block partitioning unit 1 performs a process of, every time when receiving a slice partitioned by the slice
partitioning unit 14, partitioning the slice into largest coding blocks each of which is a coding block having a largest size
determined by the encoding controlling unit 2, and further partitioning each of the largest coding blocks into coding blocks
hierarchically until the number of hierarchical layers reaches an upper limit determined by the encoding controlling unit 2.
[0021] More specifically, the block partitioning unit 1 performs a process of partitioning the slice into coding blocks
according to partition determined by the encoding controlling unit 2, and outputting the coding blocks. Each of the coding
blocks is further partitioned into one or more prediction blocks each of which serves as a unit for prediction process.
[0022] The encoding controlling unit 2 performs a process of determining the largest size of the coding blocks serving
as units to be processed when an encoding process is performed, and also determining the size of each coding block
by determining the upper limit on the number of hierarchical layers at the time when each coding block having the largest
size is hierarchically partitioned.
[0023] The encoding controlling unit 2 also performs a process of selecting a coding mode which is applied to a coding
block outputted from the block partitioning unit 1, from among one or more selectable coding modes (one or more intra
coding modes in which the size or the like of a prediction block which represents a unit for prediction process differs and
one or more inter coding modes in which the size or the like of a prediction block differs). As an example of selecting
methods, there is a method of selecting a coding mode which provides the highest degree of coding efficiency for a
coding block outputted from the block partitioning unit 1, from among the one or more selectable coding modes.
[0024] The encoding controlling unit 2 also performs a process of, when a coding mode having the highest degree of
coding efficiency is an intra coding mode, determining an intra prediction parameter to be used when performing an intra
prediction process on a coding block in the intra coding mode, for each prediction block which is a unit for prediction
process shown by the above-described intra coding mode, and, when the coding mode having the highest degree of
coding efficiency is an inter coding mode, determining an inter prediction parameter to be used when performing an inter
prediction process on a coding block in the inter coding mode, for each prediction block which is a unit for prediction
process shown by the above-described inter coding mode.
[0025] The encoding controlling unit 2 further performs a process of determining prediction difference coding param-
eters to be provided to a transformation/quantization unit 7 and an inverse quantization/inverse transformation unit 8.
The prediction difference coding parameters include transformation block partitioning information showing partitioning
information about transformation blocks each serving as a unit for orthogonal transformation process on a coding block
and a quantization parameter defining a quantization step size at the time when performing quantization on transform
coefficients, etc.
[0026] Fig. 20 is an explanatory drawing showing transformation block sizes at the time of performing a compression
process (a transformation process and a quantization process) on the luminance signal and the color difference signals
in a signal having the YUV4:2:0 format.
[0027] The transformation block sizes are determined by hierarchically partitioning each coding block into blocks in
quadtree form, as shown in Fig. 20.
[0028] For example, by determining whether or not to partition each transformation block on the basis of the code
amount in the case of partitioning the transformation block, the code amount in the case of not partitioning the transfor-
mation block, and an evaluation criterion which takes into consideration coding errors, etc. in such a way that an evaluated
value is minimized, an optimal partitioned shape of the transformation block can be determined from the viewpoint of a
trade-off between the code amount and the coding errors.
[0029] The luminance signal is configured, as shown in, for example, Fig. 20, in such a way that each coding block is
hierarchically partitioned into one or more square transformation blocks.
[0030] The color difference signals are configured, as shown in Fig. 20, in such a way that when the input signal format
is the YUV4:2:0 signal format, each coding block is hierarchically partitioned into one or more square transformation
blocks, like the luminance signal.
[0031] In this case, the transformation block size of the color difference signals is half of that of the corresponding
block of the luminance signal both in the vertical and horizontal directions.
[0032] As shown in Fig. 21, when the input signal format is the YUV4:2:2 signal format, the same hierarchical partitioning
into blocks in quadtree form as that on the luminance signal is performed. Further, because the shape of each partitioned
block is a rectangle in which the number of pixels in the vertical direction is twice as large as the number of pixels in the
horizontal direction, by partitioning each partitioned block into two blocks in the vertical direction, each partitioned block
is made to consist of two transformation blocks having the same block size as that of the color difference signals in a
YUV4:2:0 signal (a size which is half of the size both in the vertical and horizontal directions of the transformation block
of the luminance signal).
[0033] Further, when the input signal format is the YUV4:4:4 signal format, as shown in Fig. 22, the same partitioning
as that on the transformation blocks of the luminance signal is always performed on the transformation blocks of the
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color difference signals in such a way that the transformation blocks are configured to have the same size.
[0034] Information about the partitioning of the luminance signal into the transformation blocks is outputted to the
variable length encoding unit 13 as, for example, a transformation block partitioning flag showing whether or not to
perform partitioning for each hierarchical layer.
[0035] A select switch 3 performs a process of, when the coding mode determined by the encoding controlling unit 2
is an intra coding mode, outputting the coding block outputted from the block partitioning unit 1 to an intra prediction unit
4, and, when the coding mode determined by the encoding controlling unit 2 is an inter coding mode, outputting the
coding block outputted from the block partitioning unit 1 to a motion-compensated prediction unit 5.
[0036] The intra prediction unit 4 performs, when an intra coding mode is selected, as the coding mode associated
with the coding block outputted from the select switch 3, by the encoding controlling unit 2, an intra prediction process
(intra-frame prediction process) using the intra prediction parameter determined by the encoding controlling unit 2 while
referring to a local decoded image stored in a memory 10 for intra prediction, and then performs a process of generating
an intra prediction image. The intra prediction unit 4 constructs an intra predictor.
[0037] More specifically, as to the luminance signal, the intra prediction unit 4 performs the intra prediction process
(intra-frame prediction process) using the intra prediction parameter of the luminance signal, and generates a prediction
image of the luminance signal.
[0038] On the other hand, as to the color difference signals, when the intra prediction parameter of the color difference
signals shows that the same prediction mode as the intra prediction mode for the luminance signal is used (when the
intra prediction parameter shows an intra prediction mode common between the luminance and the color differences
(DM mode)), the intra prediction unit performs the same intra-frame prediction as that on the luminance signal, and
generates prediction images of the color difference signals.
[0039] Further, when the intra prediction parameter of the color difference signals shows a vertical prediction mode
or a horizontal prediction mode, the intra prediction unit performs a directional prediction on the color difference signals,
and generates prediction images of the color difference signals.
[0040] Further, when the intra prediction parameter of the color difference signals shows a color difference signal
prediction mode using a luminance correlation (LM mode), the intra prediction unit calculates a correlation parameter
showing a correlation between the luminance signal and the color difference signals by using the luminance signals and
the color difference signals of a plurality of pixels adjacent to the upper and left sides of a block for which a prediction
image is to be generated, and generates prediction images of the color difference signals by using both the correlation
parameter and the luminance signal associated with the blocks of the color difference signals which are the target for
prediction process.
[0041] The intra prediction unit can be configured to, when the input signal format is the YUV4:4:4 signal format,
perform a process in either the above-described DM mode or the above-described LM mode, and prevent itself from
selecting another prediction mode.
[0042] Because there is a high correlation between the edge position of the luminance signal and those of the color
difference signals in a YUV4:4:4 signal, by prohibiting the application of a prediction mode different from that applied to
the luminance signal to the color difference signals, the amount of information in the intra prediction mode of the color
difference signals can be reduced and the coding efficiency can be improved.
[0043] Further, when the input signal format is the YUV4:2:2 signal format, if the luminance signal is a square block,
as shown in Fig. 27, each of the color difference signals is a rectangular block in which the number of pixels in the
horizontal direction is half as compared with that of the luminance signal. Therefore, in order to apply a prediction in the
same direction to the luminance signal and the color difference signals when a YUV4:4:4 signal is converted into a
YUV4:2:2 signal, as shown in Fig. 28, the prediction direction of the color difference signals is configured to differ from
that of the luminance signal on the YUV4:2:2 signal in the case of a directional prediction other than the vertical prediction
and the horizontal prediction.
[0044] Concretely, when the prediction direction vector of the luminance signal is expressed by vL= (dxL, dyL), as
shown in Fig. 29, the prediction direction vector of each of the color difference signals is expressed by vc (dxL/2, dyL).
More specifically, when the angle of the prediction direction is expressed by theta, as shown in Fig. 30, it is necessary
to perform a prediction in a prediction direction having a relation shown by tanθa=2tanθL, where the angle of the prediction
direction of the luminance signal is expressed by θL and the angle of the prediction direction of each of the color difference
signals is expressed by θc.
[0045] Therefore, in order to make it possible to correctly perform the above-described DM mode in which a prediction
in the same direction is performed on the luminance signal and the color difference signals, when the input signal format
is the YUV4:2:2 signal format, the intra prediction unit converts an index of the intra prediction mode which is used for
the luminance signal into an index of the intra prediction mode which is used for the prediction on the color difference
signals, and performs the prediction process on the color difference signals in the intra prediction mode corresponding
to the converted index. Concretely, the intra prediction unit can be configured to convert the index by preparing a
conversion table for the index and referring to the conversion table, or a conversion equation can be prepared in advance
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and the intra prediction unit can be configured to convert the index according to the conversion equation.
[0046] Because the intra prediction unit is configured in this way, the intra prediction unit can perform an appropriate
prediction on the color difference signals according to the YUV4:2:2 signal format only by performing the conversion of
the index without changing the directional prediction process itself.
[0047] The motion-compensated prediction unit 5 performs, when an inter coding mode is selected, as the coding
mode associated with the coding block outputted from the select switch 3, by the encoding controlling unit 2, a process
of comparing the coding block with one or more frames of local decoded images stored in a motion-compensated
prediction frame memory 12 to search for a motion vector, performing an inter prediction process (motion-compensated
prediction process) by using the motion vector and the inter prediction parameter, such as a frame number to be referred
to, which is determined by the encoding controlling unit 2, and generating an inter prediction image.
[0048] A subtracting unit 6 performs a process of subtracting the intra prediction image generated by the intra prediction
unit 4 or the inter prediction image generated by the motion-compensated prediction unit 5 from the coding block outputted
from the block partitioning unit 1, and outputting a prediction difference signal showing a difference image which is the
result of the subtraction to the transformation/quantization unit 7.
[0049] The transformation/quantization unit 7 refers to the transformation block partitioning information included in the
prediction difference coding parameters determined by the encoding controlling unit 2 and performs an orthogonal
transformation process (e.g., orthogonal transformation process, such as DCT (discrete cosine transform), DST (discrete
sine transform), and KL transform in which bases are designed for specific learning sequence in advance) on the
prediction difference signal outputted from the subtracting unit 6 on a per transformation block basis to calculate transform
coefficients, and also refers to the quantization parameter included in the prediction difference coding parameters and
performs a process of quantizing the transform coefficients of each transformation block and then outputting compressed
data which are the transform coefficients quantized thereby to the inverse quantization/inverse transformation unit 8 and
the variable length encoding unit 13.
[0050] When quantizing the transform coefficients, the transformation/quantization unit 7 can perform a process of
quantizing the transform coefficients by using a quantization matrix for scaling, for each of the transform coefficients,
the quantization step size calculated from the above-described quantization parameter.
[0051] Fig. 10 is an explanatory drawing showing an example of the quantization matrix of a 4x4 DCT.
[0052] Numerals shown in the figure express scaling values for the quantization stepsizes of the transform coefficients.
[0053] For example, in order to suppress the coding bit rate, by performing the scaling in such a way that a transform
coefficient in a higher frequency band has a larger quantization stepsize, as shown in Fig. 10, while transform coefficients
in a high frequency band which occur in a complicated image area or the like are reduced, thereby suppressing the code
amount, the encoding can be performed without reducing information about coefficients in a low frequency band which
exert a great influence upon the subjective quality.
[0054] Thus, when it is desired that the quantization stepsize for each transform coefficient is controlled, what is
necessary is just to use a quantization matrix.
[0055] Further, as the quantization matrix, a matrix which is independent for each chrominance signal and for each
coding mode (intra coding or inter coding) at each orthogonal transformation size can be used, and either the selection
of a quantization matrix from a quantization matrix which is prepared, as an initial value, in advance and in common
between the image encoding device and the image decoding device and an already-encoded quantization matrix or the
use of a new quantization matrix can be selected.
[0056] Thus, the transformation/quantization unit 7 sets, to a quantization matrix parameter to be encoded, flag infor-
mation showing whether or not to use a new quantization matrix for each chrominance signal and for each coding mode
at each orthogonal transformation size.
[0057] In addition, when a new quantization matrix is used, each of the scaling values in the quantization matrix as
shown in Fig. 10 is set to the quantization matrix parameter to be encoded.
[0058] In contrast, when a new quantization matrix is not used, an index specifying a matrix to be used from a quan-
tization matrix which is prepared, as an initial value, in advance and in common between the image encoding device
and the image decoding device and an already-encoded quantization matrix is set to the quantization matrix parameter
to be encoded. However, when no already-encoded quantization matrix which can be referred to exists, only a quantization
matrix prepared in advance and in common between the image encoding device and the image decoding device can
be selected.
[0059] The inverse quantization/inverse transformation unit 8 refers to the quantization parameter and the transfor-
mation block partitioning information included in the prediction difference coding parameters determined by the encoding
controlling unit 2 and inverse-quantizes the compressed data outputted from the transformation/quantization unit 7 on
a per transformation block basis, and also performs an inverse orthogonal transformation process on the transform
coefficients which are the compressed data inverse-quantized thereby and performs a process of calculating a local
decoding prediction difference signal corresponding to the prediction difference signal outputted from the subtracting
unit 6. When the transformation/quantization unit 7 performs a quantization process by using a quantization matrix, the
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quantization matrix is referred to and a corresponding inverse quantization process is performed also in the inverse
quantization process.
[0060] An adding unit 9 performs a process of adding the local decoding prediction difference signal calculated by the
inverse quantization/inverse transformation unit 8 and the intra prediction image generated by the intra prediction unit
4 or the inter prediction image generated by the motion-compensated prediction unit 5, to calculate a local decoded
image corresponding to the coding block outputted from the block partitioning unit 1.
[0061] The memory 10 for intra prediction is a recording medium for storing the local decoded image calculated by
the adding unit 9.
[0062] A loop filter unit 11 performs a predetermined filtering process on the local decoded image calculated by the
adding unit 9, and performs a process of outputting the local decoded image filtering-processed thereby.
[0063] Concretely, the loop filter unit performs a filtering (deblocking filtering) process of reducing a distortion occurring
at a boundary between transformation blocks and a distortion occurring at a boundary between prediction blocks, a
process (pixel adaptive offset process) of adaptively adding an offset on a per pixel basis, an adaptive filtering process
of adaptively switching among linear filters, such as Wiener filters, and performing the filtering process, and so on.
[0064] The loop filter unit 11 determines whether or not to perform the process for each of the above-described
processes including the deblocking filtering process, the pixel adaptive offset process, and the adaptive filtering process,
and outputs an enable flag of each of the processes, as header information, to the variable length encoding unit 13.
When a plurality of filtering processes as described above are used, the filtering processes are performed sequentially.
Fig. 11 shows an example of the configuration of the loop filter unit 11 in the case of using a plurality of filtering processes.
[0065] In general, while the image quality improves with the increase in the number of types of filtering processes to
be used, the processing load increases. More specifically, there is a trade-off between the image quality and the process-
ing load. Also, the image quality improving effect of each filtering process differs depending upon the characteristics of
the image which is the target for filtering process. Thus, the filtering processes to be used can be determined according
to the processing load acceptable to the image encoding device and the characteristics of images subjected to the
encoding process. For example, when there is a demand to reduce the frequency with which the process cannot be
performed rather than to provide the configuration shown in Fig. 11, there can be considered an example in which the
loop filter unit is configured with only the deblocking filtering process and the pixel adaptive offset process.
[0066] In the deblocking filtering process, various parameters to be used for selecting the intensity of the filter applied
to a block boundary can be changed from initial values. When changing a parameter, the parameter is outputted to the
variable length encoding unit 13 as header information.
[0067] In the pixel adaptive offset process, an image is partitioned into a plurality of blocks first. A case of not performing
the offset process is defined as one class classifying method, and one class classifying method is selected, for each of
the blocks, from among a plurality of class classifying methods which are prepared in advance.
[0068] Next, by using the selected class classifying method, each pixel included in the block is classified into one of
classes, and an offset value for compensating for a coding distortion is calculated for each of the classes.
[0069] Finally, a process of adding the offset to the luminance value of the local decoded image is performed, thereby
improving the image quality of the local decoded image.
[0070] Therefore, in the pixel adaptive offset process, the block partitioning information, an index indicating the class
classifying method selected for each block, and offset information specifying the offset value calculated for each class
on a per block basis are outputted to the variable length encoding unit 13 as header information.
[0071] In the pixel adaptive offset process, the image can be always partitioned into fixed size blocks, e.g., largest
coding blocks, a class classifying method can be selected for each of the blocks, and an adaptive offset process for
each of the classes can be performed. In this case, the need for the above-described block partitioning information can
be eliminated, the code amount can be reduced by the code amount required for the block partitioning information, and
the coding efficiency can be improved.
[0072] In the adaptive filtering process, the local decoded image is class classified by using a predetermined method,
a filter for compensating for a distortion piggybacked thereonto is designed for a region (local decoded image) belonging
to each of classes, and a filtering process is performed on the local decoded image by using the filter.
[0073] The filter designed for each class is then outputted to the variable length encoding unit 13 as header information.
[0074] As the class classifying method, there are a simplified method of spatially separating the image at equal intervals,
and a method of making a classification on a per block basis according to the local characteristics (variance, etc.) of the
image.
[0075] Further, the number of classes used in the adaptive filtering process can be set in advance as a value common
between the image encoding device and the image decoding device, or can be a parameter to be encoded.
[0076] In comparison with the former, the latter can freely set the number of classes to be used, thereby increasing
the image quality improving effect. On the other hand, since the latter encodes the number of classes, the code amount
increases by an amount needed for the encoding.
[0077] Because the video signal needs to be referred to by the loop filter unit 11, as shown in Fig. 11, when performing



EP 3 010 232 A1

10

5

10

15

20

25

30

35

40

45

50

55

the pixel adaptive offset process and the adaptive filtering process, the image encoding device shown in Fig. 1 needs
to be modified in such a way that the video signal is inputted to the loop filter unit 11.
[0078] The motion-compensated prediction frame memory 12 is a recording medium for storing the local decoded
image on which the filtering process is performed by the loop filter unit 11.
[0079] The variable length encoding unit 13 variable-length-encodes the compressed data outputted from the trans-
formation/quantization unit 7, the output signal from the encoding controlling unit 2 (the block partitioning information
about the inside of each largest coding block, the coding mode, the prediction difference coding parameters, and the
intra prediction parameter or the inter prediction parameter), and the motion vector outputted from the motion-compen-
sated prediction unit 5 (when the coding mode is an inter coding mode), to generate encoded data.
[0080] The variable length encoding unit 13 also encodes sequence level headers and picture level headers, as the
header information of an encoded bitstream, as illustrated in Fig. 13, and generates an encoded bitstream as well as
picture data.
[0081] The picture data is configured with one or more pieces of slice data, and each slice data is acquired by aggre-
gating the slice level header and the above-described encoded data contained in the slice.
[0082] The sequence level header is acquired by aggregating pieces of header information which are generally common
on a per sequence basis and which include the image size, the chrominance signal format, the bit depth of the signal
values of the luminance signal and the color difference signals, the enable flag information of each filtering process
(adaptive filtering process, pixel adaptive offset process, and deblocking filtering process) in the loop filter unit 11 on a
per sequence basis, and the enable flag information of the quantization matrix.
[0083] A picture level header is a combination of pieces of header information which are set on a per picture basis
and which include an index of a sequence level header to be referred to, the number of reference pictures at the time
of motion compensation, and a probability table initialization flag for entropy encoding, the quantization matrix parameter.
[0084] A slice level header is a combination of parameters which are set on a per slice basis and which include position
information showing at which position of the picture the slice currently being processed exists, an index indicating which
picture level header is to be referred to, the encoding type of the slice (all intra encoding, inter encoding, or the like),
and the flag information showing whether or not to perform each of the filtering processes in the loop filter unit 11 (the
adaptive filtering process, the pixel adaptive offset process, and the deblocking filtering process).
[0085] When the input signal is an interlaced video signal and an encoding configuration shown in Fig. 33 is provided,
by setting the top field shown by a gray box having a number of 32 in the display order of Fig. 33 (a number of 18 in the
decoding (encoding) order) to be a picture which can be accessed randomly, an encoded bitstream which can be correctly
played back from the top field at all times irrespective of the decoding start position of the encoded bitstream can be
generated.
[0086] However, it is defined in nonpatent reference 1 that a leading picture must be decoded (encoded) ahead of
trailing pictures, and hence the top field shown by the gray box having a number of 32 in the display order of Fig. 33
cannot be encoded as a picture, such as a CRA picture, which is defined in nonpatent reference 1 and which enables
random access (Intra Random Access Point (IRAP) picture described in nonpatent reference 1). Hereafter, a method
of setting the top field shown by the gray box having a number of 32 in the display order of Fig. 33 as a picture which
can be accessed randomly while complying with the specifications described in nonpatent reference 1 will be explained
below.
[0087] Concretely, the top field shown by the gray box having a number of 32 in the display order is set to be a non-
IRAP picture, and is encoded only by using an intra prediction. Then, as additional information of the encoded bitstream,
such as Supplemental Enhancement Information (SEI) described in, for example, nonpatent reference 1, information
showing that the top field shown by the gray box having a number of 32 in the display order of Fig. 33 is a random access
point is encoded. For example, by using Recovery Point SEI Message having pieces of syntax shown in Fig. 38 which
is a kind of the SEI described in nonpatent reference 1, the top field shown by the gray box having a number of 32 in
the display order of Fig. 33 is set to be a picture at a recovery point (recovery_poc_cnt) Further, it is assumed that at
that time a picture whose encoding (decoding) order and also display order are later than those of the above-described
recovery point picture (the top field shown by the gray box having a number of 32 in the display order) is prohibited from
making a prediction reference to a picture whose display order is earlier than that of the above-described recovery point
picture, like in the case of the restriction imposed on trailing pictures. However, because the above-described recovery
point picture is a non-IRAP picture, even under conformity with the specifications described in nonpatent reference 1,
there is no restriction that, as a relation between leading pictures and trailing pictures, a leading picture must be decoded
(encoded) ahead of trailing pictures. Therefore, after the bottom field having a number of 33 in the display order, the
bottom field corresponding to a trailing picture, is encoded immediately after the top field having a number of 32 in the
display order is encoded, a picture whose encoding (decoding) order is later than that of the above-described recovery
point picture corresponding to a leading picture, but whose display order is earlier than that of the recovery point picture
can be encoded. More specifically, such a picture can be encoded in the encoding (decoding) order as shown in Fig.
33. By doing in this way, without using a CRA picture, a leading picture, and a trailing picture, an encoded bitstream
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which can be correctly played back from a top field at all times irrespective of the decoding start position of the encoded
bitstream can be generated in the field pair configuration using a bidirectional prediction as shown in Fig. 33.
[0088] Hereafter, an example of a concrete method of using Recovery Point SEI Message will be described. First,
Recovery Point SEI Message is provided as a higher-level header of a picture which is desired to be able to be accessed
randomly (the top field shown by the gray box having a number of 32 in the display order of Fig. 33). More specifically,
the above-described SEI is provided for the inside of an access unit of the above-described picture which is desired to
be able to be accessed randomly. The access unit is a unit for data access including the encoded data about one picture,
which is defined in nonpatent reference 1. In addition, as to the provided Recovery Point SEI Message, the values of
the pieces of syntax shown in Fig. 38 are provided as follows.

• recovery_poc_cnt = 0
• exact_match_flag = 1
• broken_link_flag = 0

[0089] In this case, recovery_poc_cnt being 0 shows that the picture of the access unit for which this SEI is provided
is a recovery point picture, and exact_match_flag being 1 shows that when performing the decoding from the recovery
point, a picture whose display order is later than that of the recovery point picture can be decoded correctly. As a result,
it is shown that the picture of the access unit for which this SEI is provided is a recovery point picture which can be
accessed randomly. Further, because a picture whose encoding (decoding) order is later than that of the recovery point
picture can be decoded correctly when the decoding is started from an IRAP picture existing ahead of the recovery point,
broken_link_flag is set to zero (when this flag is 1, it is shown that such a picture cannot be decoded correctly, whereas
when this flag is 0, it is shown that nothing definite is said about what may happen).
[0090] In addition, when providing Buffering period SEI message, as SEI, for the inside of the access unit of each
IRAP picture as buffer management information, Buffering period SEI message is also provided for the inside of the
access unit of the recovery point picture, as well as for the inside of the access unit of each IRAP picture. By doing in
this way, the same buffer management as that in the case of an IRAP picture can be performed.
[0091] Although the case of setting the information that a top field is a random access point to SEI is explained in the
explanation of Fig. 38, this embodiment is not limited to this example as long as the information can be set to a higher-
level header. Concretely, there are a method of defining, as a new picture type belonging to IRAP pictures, a special
IRAP picture which makes it possible to encode only one continuous trailing picture ahead of leading pictures, and
encoding the top field having a number of 32 in the display order by using the new IRAP picture, and a method of newly
defining a special trailing picture which can be encoded ahead of leading pictures, and encoding, as an IRAP picture
such as a CRA picture, the top field having a number of 32 in the display order and also encoding, as the special trailing
picture as defined above, the bottom field having a number of 33 in the display order. Further, units that perform the
above-described encoding process and the above-described multiplexing process are an encoder and a multiplexer
which the variable length encoding unit 13 shown in Fig. 1 includes.
[0092] As one concrete example of defining a special IRAP picture or a special trailing picture, there is a method of,
for NAL units described in nonpatent reference 1 and showing the definitions of pictures, defining new NAL units showing
that they are the above-described special pictures, respectively.
[0093] Although the example of Fig. 33 has a configuration of performing the decoding from a top field, by configuring
an encoded bitstream as mentioned above also in a case of a configuration of performing the encoding, starting from a
bottom field at all times, an encoded bitstream which can be correctly played back from a bottom field at all times
irrespective of the decoding start position of the encoded bitstream can be generated.
[0094] Further, Fig. 33 shows only an example of the field pair configuration using a bidirectional prediction, and
various reference configurations can be provided. By encoding a picture which can be accessed randomly as a non-
IRAP picture in the above-described way, regardless of the configuration, and performing the generation of an encoded
bitstream by using, additional information such as SEI, information showing which picture is a picture which can be
accessed randomly, an encoded bitstream which can be correctly played back from a top field at all times irrespective
of the decoding start position of the encoded bitstream can be generated. For example, also a top field shown in a gray
box having a number of 32 in the display order of Fig. 34 can be similarly set as a random access point. Further, by
configuring an encoded bitstream in the same way as described above also in a case in which a reference configuration,
as shown in Figs. 35 and 36, having a scalable characteristic in a direction of display times is provided by using a
temporal ID described in nonpatent reference 1, an encoded bitstream which can be correctly played back from a bottom
field at all times, in a layer having a temporal ID=0, irrespective of the decoding start position of the encoded bitstream
can be generated.
[0095] Further, although the example of encoding the information showing that random access can be performed is
explained above, instead of encoding such the information, by changing the restrictions imposed on leading pictures
and trailing pictures in such a way that, in the field pair configuration, when a top field is an IRAP picture, only the bottom
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field which pairs with the top field can be encoded (decoded) ahead of leading pictures, and always encoding, as an
IRAP picture, a picture which can be accessed randomly, random access can be implemented.
[0096] In the example shown in Fig. 1, the block partitioning unit 1, the encoding controlling unit 2, the select switch
3, the intra prediction unit 4, the motion-compensated prediction unit 5, the subtracting unit 6, the transformation/quan-
tization unit 7, the inverse quantization/inverse transformation unit 8, the adder 9, the memory 10 for intra prediction,
the loop filter unit 11, the motion-compensated prediction frame memory 12, the variable length encoding unit 13, and
the slice partitioning unit 14, which are the components of the image encoding device, are assumed to be configured
with pieces of hardware for exclusive use (e.g., semiconductor integrated circuits in each of which a CPU is mounted,
one chip microcomputers, or the like). In a case in which the image encoding device is configured with a computer, a
program in which the processes performed by the block partitioning unit 1, the encoding controlling unit 2, the select
switch 3, the intra prediction unit 4, the motion-compensated prediction unit 5, the subtracting unit 6, the transforma-
tion/quantization unit 7, the inverse quantization/inverse transformation unit 8, the adder 9, the loop filter unit 11, the
variable length encoding unit 13, and the slice partitioning unit 14 are described can be stored in a memory of the
computer and a CPU of the computer can execute the program stored in the memory.
[0097] Fig. 2 is a flow chart showing the processing (image encoding method) performed by the image encoding device
in accordance with Embodiment 1 of the present invention.
[0098] Fig. 3 is a block diagram showing the image decoding device in accordance with Embodiment 1 of the present
invention.
[0099] Referring to Fig. 3, when receiving the encoded bitstream generated by the image encoding device shown in
Fig. 1, a variable length decoding unit 31 decodes each of the pieces of header information, such as sequence level
headers, picture level headers, and slice level headers, from the bitstream, and also variable-length-decodes the block
partitioning information showing the partitioning state of each of coding blocks partitioned hierarchically from the encoded
bitstream. At that time, assuming that each of a YUV4:4:4 format signal and an RGB4:4:4 format signal is a monochrome
image signal, when information showing that monochrome (YUV4:0:0) encoding is performed independently is included
in the header information, a decoding process can be performed independently on the encoded bitstream of each
chrominance signal.
[0100] At that time, when additional information, such as Supplemental Enhancement Information (SEI) described in
nonpatent reference 1, is included, if the additional information includes information showing that a specific picture is a
random access point, random access is enabled by performing the decoding from that picture. For example, in the
encoding configuration of Fig. 33, under conformity with the specifications described in nonpatent reference 1, although
when the top field shown by the gray box having a number of 32 in the display order is decoded as a non-IRAP picture,
this top field shown by the gray box having a number of 32 in the display order is not recognized as a picture which can
be accessed randomly, when Recovery Point SEI Message having the pieces of syntax shown in Fig. 38 which is a kind
of SEI described in nonpatent reference 1 shows that the top field shown by the gray box having a number of 32 in the
display order is set as a recovery point (recovery_poc_cnt), this top field shown by the gray box having a number of 32
in the display order can be recognized as a picture which can be accessed randomly. In addition, because this top field
shown by the gray box having a number of 32 in the display order is a non-IRAP picture, even under conformity with the
specifications described in nonpatent reference 1, the process under the restriction that is imposed on leading pictures
and trailing pictures and that a leading picture must be decoded (encoded) ahead of trailing pictures is not indispensable,
and the encoded bitstream, which is generated on condition that after the bottom field having a number of 33 in the
display order, which is a trailing picture, is decoded immediately after the top field having a number of 32 in the display
order is decoded, a leading picture is to be decoded, can be decoded correctly, and even if the decoding is started from
the above-described top field, the subsequent fields can be decoded and played back correctly in the display order.
[0101] As a concrete example of Recovery Point SEI Message, there is provided a case in which the above-described
SEI is decoded within the access unit of the picture which is desired to be able to be accessed randomly (the top field
shown by the gray box having a number of 32 in the display order), and the value of each of the pieces of syntax shown
in Fig. 38 is decoded as will be shown below.

• recovery_poc_cnt = 0
• exact_match_flag = 1
• broken_link_flag = 0

[0102] The meaning shown by each of the pieces of syntax mentioned above is as mentioned in the explanation of
the image encoding device, and the decoding of this SEI as additional information makes clear that the target picture
can be accessed randomly.
[0103] Further, in a case in which the image encoding device defines a special picture which permits such an encoding
configuration as a new type of NAL unit or the like, instead of additional information such as SEI, the corresponding
image decoding device can be configured in such a way as to similarly define a special picture as a new type of new
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NAL unit or the like. In this case, the image decoding device can recognize that the top field having a number of 32 can
be accessed randomly by decoding the above-described information.
[0104] Although the example of Fig. 33 has a configuration of performing the decoding from a top field, also in a case
of an encoded bitstream which is configured in such a way that a bottom field is always encoded before everything else,
by using a non-IRAP picture and additional information such as SEI, when performing the decoding from a specific
bottom field shown by the additional information, fields subsequent to this specific bottom field can be decoded correctly
in the display order.
[0105] Further, also in the case in which the reference configuration, as shown in Figs. 35 and 36, having a scalable
characteristic in a direction of display times is provided by using a temporal ID described in nonpatent reference 1, when
the top field shown by the gray box having a number of 32 is a non-IRAP picture, like in the above-described case, and
information showing that the top field shown by the gray box having a number of 32 is a random access point is decoded
by using the additional information such as SEI, the encoded bitstream can be correctly decoded from a bottom field at
all times, in a layer having a temporal ID=0, irrespective of the decoding start position of the encoded bitstream.
[0106] Further, although the example in which the information showing that random access can be performed is
encoded is explained above, in a case in which in the image encoding device, instead of encoding such the information,
the restriction imposed on leading pictures and trailing pictures is changed in such a way that when a top field is an
IRAP picture in the field pair configuration, only the bottom field which pairs up with the top field can be decoded ahead
of leading pictures, the same restriction is imposed on the corresponding image decoding device and, as a result, random
access is implemented at all times by using an IRAP picture.
[0107] When the enable flag information of the quantization matrix included in the above-described header information
shows "enabled", the variable length decoding unit 31 variable-length-decodes the quantization matrix parameter and
specifies a quantization matrix. Concretely, for each chrominance signal and for each coding mode at each orthogonal
transformation size, when the quantization matrix parameter shows that either a quantization matrix which is prepared,
as an initial value, in advance and in common between the image encoding device and the image decoding device, or
an already-decoded quantization matrix is used (no new quantization matrix is used), the variable length decoding unit
refers to the index information specifying which quantization matrix in the above-described matrices is used, to specify
a quantization matrix, and, when the quantization matrix parameter shows that a new quantization matrix is used,
specifies, as the quantization matrix to be used, the quantization matrix included in the quantization matrix parameter.
[0108] The variable length decoding unit 31 also refers to each header information to specify the slice partitioning
state and also specify each largest coding block included in the slice data about each slice, refers to the block partitioning
information to partition each largest coding block hierarchically and specify each coding block which is a unit on which
the decoding process is to be performed, and performs a process of variable-length-decoding the compressed data, the
coding mode, the intra prediction parameter (when the coding mode is an intra coding mode), the inter prediction
parameter (when the coding mode is inter encoding mode), the motion vector (when the coding mode is an inter coding
mode), and the prediction difference coding parameters, which are associated with each coding block.
[0109] An inverse quantization/inverse transformation unit 32 refers to the quantization parameter and the transfor-
mation block partitioning information which are included in the prediction difference coding parameters variable-length-
decoded by the variable length decoding unit 31, to inverse-quantize the compressed data variable-length-decoded by
the variable length decoding unit 31 on a per transformation block basis, performs an inverse orthogonal transformation
process on the transform coefficients which are the compressed data inverse-quantized thereby, and performs a process
of calculating a decoding prediction difference signal which is the same as the local decoding prediction difference signal
outputted from the inverse quantization/inverse transformation unit 8 shown in Fig. 1.
[0110] In this case, from the above-described transformation block partitioning information, the partitioning state of
the transformation blocks in each coding block is determined. For example, in the case of a signal having the YUV4:2:0
format, the transformation block sizes are determined by performing hierarchical partitioning of each coding block into
blocks in quadtree form, as shown in Fig. 20.
[0111] The luminance signal is configured in such a way that each coding block is hierarchically partitioned into one
or more of square transformation blocks, as shown in, for example, Fig. 20.
[0112] Each of the color difference signals is configured in such a way that when the input signal format is the YUV4:2:0
signal format, each coding block is hierarchically partitioned into one or more of square transformation blocks, as shown
in Fig. 20, like the luminance signal. In this case, the transformation block size of each of the color difference signals is
half of that of the corresponding luminance signal both in the vertical and horizontal directions.
[0113] As shown in Fig. 21, when the input signal format is the YUV4:2:2signal format, the same hierarchical partitioning
into blocks in quadtree form as that on the luminance signal is performed. Further, because the shape of each partitioned
block is a rectangle in which the number of pixels in the vertical direction is twice as large as the number of pixels in the
horizontal direction, by further partitioning each partitioned block into two blocks in the vertical direction, each partitioned
block is made to consist of two transformation blocks having the same block size as that of the color difference signals
in a YUV4:2:0 signal (a size which is half of the size both in the vertical and horizontal directions of each transformation
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block of the luminance signal).
[0114] When the input signal format is the YUV4:4:4 signal format, as shown in Fig. 22, the same partitioning as that
on the transformation blocks of the luminance signal is always performed on the transformation blocks of each of the
color difference signals in such a way that the transformation blocks are configured to have the same sizes.
[0115] Further, when each header information variable-length-decoded by the variable length decoding unit 31 shows
that in the slice currently being processed, an inverse quantization process is performed by using a quantization matrix,
the inverse quantization process is performed by using the quantization matrix.
[0116] Concretely, the inverse quantization/inverse transformation unit performs the inverse quantization process by
using the quantization matrix specified from each header information.
[0117] A select switch 33 performs a process of, when the coding mode variable-length-decoded by the variable length
decoding unit 31 is an intra coding mode, outputting the intra prediction parameter which is variable-length-decoded by
the variable length decoding unit 31 to an intra prediction unit 34, whereas when the coding mode variable-length-
decoded by the variable length decoding unit 31 is an inter coding mode, outputting the inter prediction parameter and
the motion vector which are variable-length-decoded by the variable length decoding unit 31 to a motion compensation
unit 35.
[0118] When the coding mode associated with the coding block determined from the block partitioning information
variable-length-decoded by the variable length decoding unit 31 is an intra coding mode, the intra prediction unit 34
performs an intra prediction process (intra-frame prediction process) using the intra prediction parameter outputted from
the select switch 33 while referring to a decoded image stored in a memory 37 for intra prediction, and performs a process
of generating an intra prediction image. The intra prediction unit 34 constructs an intra predictor.
[0119] More specifically, as to the luminance signal, the intra prediction unit 34 performs the intra prediction process
(intra-frame prediction process) using the above-described intra prediction parameter on the luminance signal, to generate
a prediction image of the luminance signal.
[0120] On the other hand, as to the color difference signals, when the intra prediction parameter of the color difference
signals shows that the same prediction mode as the intra prediction mode for the luminance signal is used (when the
intra prediction parameter shows the intra prediction mode common between the luminance and the color differences
(DM mode)), the intra prediction unit performs the same intra-frame prediction as that on the luminance signal, to generate
prediction images of the color difference signals.
[0121] Further, when the intra prediction parameter of the color difference signals shows the vertical prediction mode
or the horizontal prediction mode, the intra prediction unit performs the directional prediction on the color difference
signals to generate prediction images of the color difference signals.
[0122] Further, when the intra prediction parameter of the color difference signals shows the color difference signal
prediction mode using a luminance correlation (LM mode), the intra prediction unit calculates a correlation parameter
showing the correlation between the luminance signal and the color difference signals by using the luminance signals
and the color difference signals of a plurality of pixels adjacent to the upper and left sides of a block for which a prediction
image is to be generated, and generates prediction images of the color difference signals by using both the correlation
parameter and the luminance signal associated with the block of each of the color difference signals which is the target
for prediction process.
[0123] In a case in which the image encoding device is configured to perform the process in the above-described DM
mode or the above-described LM mode and prevent itself from selecting another prediction mode when the input signal
format is the YUV4:4:4 signal format, the image decoding device is similarly configured in such a way as to be able to
decode the encoded bitstream generated by the image encoding device.
[0124] Because there is a high correlation between the edge position of the luminance signal and those of the color
difference signals in a YUV4:4:4 signal, by prohibiting the application of a prediction mode different from that applied to
the luminance signal to the color difference signals, the amount of information in the intra prediction mode of the color
difference signals can be reduced and the coding efficiency can be improved.
[0125] Further, when the input signal format is the YUV4:2:2 signal format, if the luminance signal is a square block,
as shown in Fig. 27, each of the color difference signals is a rectangular block in which the number of pixels in the
horizontal direction is half as compared with that of the luminance signal. Therefore, in order to apply a prediction in the
same direction to the luminance signal and the color difference signals when a YUV4:4:4 signal is converted into a
YUV4:2:2 signal, as shown in Fig. 28, the prediction direction of the color difference signals is configured to differ from
that of the luminance signal on the YUV4:2:2 signal in the case of a directional prediction other than the vertical prediction
and the horizontal prediction.
[0126] Concretely, when the prediction direction vector of the luminance signal is expressed by vL= (dxL, dyL), as
shown in Fig. 29, the prediction direction vector of each of the color difference signals is expressed by vc=(dxL/2, dyL).
More specifically, when the angle of the prediction direction is expressed by theta, as shown in Fig. 30, it is necessary
to perform a prediction in a prediction direction having a relation shown by tanθc=2tanθL, where the angle of the prediction
direction of the luminance signal is expressed by θL and the angle of the prediction direction of each of the color difference
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signals is expressed by θc.
[0127] Therefore, in order to make it possible to correctly perform the above-described DM mode in which a prediction
in the same direction is performed on the luminance signal and the color difference signals, when the input signal format
is the YUV4:2:2 signal format, the intra prediction unit converts an index of the intra prediction mode which is used for
the luminance signal into an index of the intra prediction mode which is used for the prediction on the color difference
signals, and performs the prediction process on the color difference signals in the intra prediction mode corresponding
to the converted index. Concretely, a conversion table for the index can be prepared and the intra prediction unit can
be configured to convert the index by referring to the conversion table, or a conversion equation can be prepared in
advance and the intra prediction unit can be configured to convert the index according to the conversion equation.
[0128] Because the intra prediction unit is configured in this way, the intra prediction unit can perform an appropriate
prediction on the color difference signals according to the YUV4:2:2 signal format only by performing the conversion of
the index without changing the directional prediction process itself.
[0129] The motion compensation unit 35 performs a process of, when the coding mode associated with the coding
block determined from the block partitioning information variable-length-decoded by the variable length decoding unit
31 is an inter coding mode, performing an inter prediction process (motion-compensated prediction process) using the
motion vector and the inter prediction parameter which are outputted from the select switch 33 while referring to a
decoded image stored in a motion-compensated prediction frame memory 39, and generating an inter prediction image.
[0130] An adding unit 36 performs a process of adding the decoding prediction difference signal calculated by the
inverse quantization/inverse transformation unit 32 and the intra prediction image generated by the intra prediction unit
34 or the inter prediction image generated by the motion compensation unit 35, to calculate a decoded image which is
the same as the local decoded image outputted from the adding unit 9 shown in Fig. 1.
[0131] The memory 37 for intra prediction is a recording medium that stores the decoded image calculated by the
adder 36 as a reference image used for intra prediction process.
[0132] A loop filter unit 38 performs a predetermined filtering process on the decoded image calculated by the adding
unit 36, and performs a process of outputting the decoded image filtering-processed thereby.
[0133] Concretely, the loop filter unit performs a filtering (deblocking filtering) process of reducing a distortion occurring
at a boundary between transformation blocks and a distortion occurring at a boundary between prediction blocks, a
process (pixel adaptive offset process) of adaptively adding an offset on a per pixel basis, an adaptive filtering process
of adaptively switching among linear filters, such as Wiener filters, and performing the filtering process, and so on.
[0134] For each of the above-mentioned filtering processes including the deblocking filtering process, the pixel adaptive
offset process, and the adaptive filtering process, the loop filter unit 38 refers to each header information variable-length-
decoded by the variable length decoding unit 31 and specifies whether or not to perform the process in the slice currently
being processed.
[0135] At that time, if, for example, the loop filter unit 11 of the image encoding device is configured as shown in Fig.
11 when performing two or more filtering processes, the loop filter unit 38 is configured as shown in Fig. 12. As a matter
of course, if the loop filter unit 11 of the image encoding device is configured with the deblocking filtering process and
the pixel adaptive offset process, the loop filter unit 38 is also configured with the deblocking filtering process and the
pixel adaptive offset process.
[0136] In the deblocking filtering process, the loop filter unit refers to the header information variable-length-decoded
by the variable length decoding unit 31, and, when there exists information for changing the various parameters used
for the selection of the intensity of a filter applied to a block boundary from initial values, performs the deblocking filtering
process on the basis of the change information. When no change information exists, the loop filter unit performs the
deblocking filtering process according to a predetermined method.
[0137] In the pixel adaptive offset process, the loop filter unit partitions the decoded image into blocks on the basis of
the block partitioning information for the pixel adaptive offset process, which is variable-length-decoded by the variable
length decoding unit 31, refers to the index variable-length-decoded by the variable length decoding unit 31 and indicating
the class classifying method of each of the blocks on a per block basis, and, when the index does not indicate "does
not perform the offset process", performs a class classification on each pixel in each of the blocks according to the class
classifying method indicated by the above-described index.
[0138] As a candidate for the class classifying method, a method which is the same as a candidate for the class
classifying method for the pixel adaptive offset process in the loop filter unit 11 is prepared in advance.
[0139] The loop filter unit then refers to the offset information specifying the offset value calculated for each class on
a per block basis, and performs a process of adding the offset to the luminance value of the decoded image.
[0140] When the pixel adaptive offset process in the loop filter unit 11 of the image encoding device is configured in
such a way as to, instead of encoding the block partitioning information, always partition the image into blocks each
having a fixed size (e.g., largest coding blocks), select a class classifying method for each of the blocks, and perform
an adaptive offset process on a per class basis, a pixel adaptive offset process is performed also in the loop filter unit
38 for each block having a fixed size which is the same as that in the loop filter unit 11.



EP 3 010 232 A1

16

5

10

15

20

25

30

35

40

45

50

55

[0141] In the adaptive filtering process, after performing a class classification according to the same method as that
used by the image encoding device of Fig. 1, the loop filter unit performs the filtering process by using the filter for each
class, which is variable-length-decoded by the variable length decoding unit 31, on the basis of information about the
class classification.
[0142] The motion-compensated prediction frame memory 39 is a recording medium that stores the decoded image
filtering-processed by the loop filter unit 38 as a reference image used for inter prediction process (motion-compensated
prediction process).
[0143] In the example shown in Fig. 3, the variable length decoding unit 31, the inverse quantization/inverse transfor-
mation unit 32, the select switch 33, the intra prediction unit 34, the motion compensation unit 35, the adder 36, the
memory 37 for intra prediction, the loop filter unit 38, and the motion-compensated prediction frame memory 39, which
are the components of the image decoding device, are assumed to be configured with pieces of hardware for exclusive
use (e.g., semiconductor integrated circuits in each of which a CPU is mounted, one chip microcomputers, or the like).
In a case in which the image decoding device is configured with a computer, a program in which the processes performed
by the variable length decoding unit 31, the inverse quantization/inverse transformation unit 32, the select switch 33,
the intra prediction unit 34, the motion compensation unit 35, the adder 36, and the loop filter unit 38 are described can
be stored in a memory of the computer and a CPU of the computer can execute the program stored in the memory.
[0144] Fig. 4 is a flow chart showing the processing (image decoding method) performed by the image decoding device
in accordance with Embodiment 1 of the present invention.
[0145] Next, operations will be explained.
[0146] In this Embodiment 1, a case will be explained in which the image encoding device receives each frame image
of a video as an input image, performs an intra prediction based on already-encoded neighboring pixels or a motion-
compensated prediction between adjacent frames, performs a compression process with orthogonal transformation and
quantization on an acquired prediction difference signal, and, after that, performs variable length encoding to generate
an encoded bitstream, and the image decoding device decodes the encoded bitstream outputted from the image encoding
device.
[0147] The image encoding device shown in Fig. 1 is characterized in that the device is adapted for local changes of
a video signal in a space direction and in a time direction, partitions the video signal into blocks having various sizes,
and performs intra-frame and inter-frame adaptive encoding.
[0148] In general, video signals have characteristics of their complexity locally varying in space and time. From the
viewpoint of space, a certain video frame may have, for example, a pattern having a uniform signal characteristic in a
relatively large image region, such as a sky image or a wall image, or a pattern in which a pattern having a complicated
texture in a small image region, such as a person image or a picture including a fine texture, also coexists.
[0149] Also from the viewpoint of time, a sky image and a wall image have a small local change in a time direction in
their patterns, 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 a movement of a non-rigid body with respect to time.
[0150] Although a process of generating a prediction difference signal having small signal power and small entropy
by using a temporal and spatial prediction, thereby reducing the whole code amount, is performed in the encoding
process, the code amount of parameters used for the prediction can be reduced as long as the parameters can be
applied uniformly to as large an image signal region as possible.
[0151] On the other hand, because the amount of errors occurring in the prediction increases when the same prediction
parameter is applied to a large image region in an image signal pattern having a large change in time and space, the
code amount of the prediction difference signal increases.
[0152] Therefore, it is desirable that, for an image region having a large change in time and space, the size of a block
subjected to the prediction process to which the same prediction parameter is applied is reduced, thereby increasing
the data volume of the parameter which is used for the prediction and reducing the electric power and entropy of the
prediction difference signal.
[0153] In this Embodiment 1, in order to perform encoding which is adapted for the above-described general charac-
teristics of a video signal, a configuration is employed in which the prediction process and so on are started first from a
predetermined largest block size, the region of the video signal is hierarchically partitioned, and the prediction process
and the encoding process on the prediction difference are adapted for each of the partitioned regions.
[0154] The processing performed by the image encoding device shown in Fig. 1 will be explained first.
[0155] First, the encoding controlling unit 2 determines the slice partitioning state of a picture (current picture) which
is the target to be encoded, and also determines the size of each largest coding block which is used for the encoding
of the picture and the upper limit on the number of hierarchical layers at the time when each largest coding block is
hierarchically partitioned into blocks (step ST1 of Fig. 2).
[0156] As a method of determining the size of each largest coding block, for example, there can be a method of
determining the same size for all the pictures according to the resolution of the video signal of the inputted image, and
a method of quantifying a variation in the complexity of a local movement of the video signal of the inputted image as a
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parameter and then determining a small size for a picture having a vigorous movement while determining a large size
for a picture having a small movement.
[0157] As a method of determining the upper limit on the number of hierarchical layers partitioned, for example, there
can be a method of determining the same number of hierarchical layers for all the pictures according to the resolution
of the video signal of the inputted image, and a method of determining an increased number of hierarchical layers so
that a finer movement can be detected when the video signal of the inputted image has a vigorous movement, while
determining a decreased number of hierarchical layers when the video signal of the inputted image has a small movement.
[0158] The above-described size of each largest coding block and the upper limit on the number of hierarchical layers
into which each largest coding block is hierarchically partitioned can be encoded into the sequence level header or the
like, or, instead of encoding the size and the number, the image decoding device can be configured in such a way as
to also perform the same determination process.
[0159] In the former case, the code amount of the header information increases. However, because the image decoding
device does not have to perform the above-described determination process, the processing load on the image decoding
device can be reduced and, in addition to that, the image encoding device can search for and send an optimal value.
[0160] In the latter case, conversely, while the processing load on the image decoding device increases since the
image decoding device performs the above-described determination process, the code amount of the header information
does not increase.
[0161] Further, when the above-described size of each largest coding block and the upper limit on the number of
hierarchical layers into which each largest coding block is hierarchically partitioned is encoded into the sequence level
header, the smallest block size of the coding blocks, instead of the upper limit on the number of hierarchical layers
partitioned, can be encoded. More specifically, because the size of blocks which are acquired when each largest coding
block is partitioned until its number of hierarchical layers partitioned reaches the upper limit is the smallest block size of
the coding blocks, the image decoding device can determine the upper limit on the number of hierarchical layers partitioned
from the size of the largest coding blocks and the smallest block size of the coding blocks.
[0162] The encoding controlling unit 2 also selects a coding mode corresponding to each of the coding blocks into
which each inputted image is hierarchically partitioned from one or more available coding modes (step ST2).
[0163] More specifically, the encoding controlling unit 2 hierarchically partitions each image region having the largest
coding block size into coding blocks each having a coding block size until the number of hierarchical layers partitioned
reaches the upper limit which is determined in advance, and determines a coding mode for each of the coding blocks.
[0164] The coding mode is one of one or more intra coding modes (generically referred to as "INTRA") and one or
more inter coding modes (generically referred to as "INTER"), and the encoding controlling unit 2 selects a coding mode
corresponding to each of the coding blocks from among all the coding modes available in the picture currently being
processed or a subset of these coding modes.
[0165] Each of the coding blocks into which each inputted image is hierarchically partitioned by the block partitioning
unit 1, which will be mentioned below, is further partitioned into one or more prediction blocks each of which is a unit on
which a prediction process is to be performed, and the state of the partitioning into the prediction blocks is also included
as information in the coding mode. More specifically, the coding mode, which is an intra or inter coding mode, is an index
identifying what type of partitioned prediction blocks are included.
[0166] Although a detailed explanation of a method of selecting a coding mode for use in the encoding controlling unit
2 will be omitted hereafter because the selecting method is a known technique, there is a method of performing an
encoding process on each coding block by using arbitrary available coding modes to examine the coding efficiency, and
selecting a coding mode having the highest degree of coding efficiency from among the plurality of available coding
modes, for example.
[0167] The encoding controlling unit 2 further determines a quantization parameter and a transformation block parti-
tioning state, which are used when a difference image is compressed, for each coding block, and also determines a
prediction parameter (intra prediction parameter or inter prediction parameter) which is used when a prediction process
is performed.
[0168] When each coding block is further partitioned into prediction blocks on each of which the prediction process is
to be performed, a prediction parameter (intra prediction parameter or inter prediction parameter) can be selected for
each of the prediction blocks.
[0169] Fig. 20 is an explanatory drawing showing transformation block sizes at the time of performing the compression
process (the transformation process and quantization process) on the luminance signal and the color difference signals
in a 4:2:0 format signal.
[0170] The transformation block sizes are determined by hierarchically partitioning each coding block into blocks in
quadtree form, as shown in Fig. 20.
[0171] For example, by determining whether or not to partition each transformation block on the basis of the code
amount in the case of partitioning the transformation block, the code amount in the case of not partitioning the transfor-
mation block, and an evaluation criterion which takes into consideration coding errors, etc. in such a way that an evaluated
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value is minimized, an optimal partitioned shape of the transformation block can be determined from the viewpoint of a
trade-off between the code amount and the coding errors.
[0172] The luminance signal is configured, as shown in, for example, Fig. 20, in such a way that each coding block is
hierarchically partitioned into one or more square transformation blocks.
[0173] The color difference signals are configured, as shown in Fig. 20, in such a way that when the input signal format
is the YUV4:2:0 signal format, each coding block is hierarchically partitioned into one or more square transformation
blocks, like the luminance signal. In this case, the transformation block size of each of the color difference signals is half
of that of the corresponding luminance signal both in the vertical and horizontal directions.
[0174] As shown in Fig. 21, when the input signal format is the YUV4:2:2 signal format, the same hierarchical partitioning
into blocks in quadtree form as that on the luminance signal is performed. Further, because the shape of each partitioned
block is a rectangle in which the number of pixels in the vertical direction is twice as large as the number of pixels in the
horizontal direction, by further partitioning each partitioned block into two blocks in the vertical direction, each partitioned
block is made to consist of two transformation blocks having the same block size as that of the color difference signals
in a YUV 4:2:0 signal (a size which is half of the size both in the vertical and horizontal directions of each transformation
block of the luminance signal).
[0175] Further, when the input signal format is the YUV4:4:4 signal format, as shown in Fig. 22, the same partitioning
as that on the transformation blocks of the luminance signal is always performed on the transformation blocks of each
of the color difference signals in such a way that the transformation blocks are configured to have the same sizes.
[0176] The encoding controlling unit 2 outputs the prediction difference coding parameters including the transformation
block partitioning information showing the partitioning information about the transformation blocks in each coding block,
and the quantization parameter defining the quantization step size at the time of performing quantization on the transform
coefficients to the transformation/quantization unit 7, the inverse quantization/inverse transformation unit 8, and the
variable length encoding unit 13.
[0177] The encoding controlling unit 2 also outputs the intra prediction parameter to the intra prediction unit 4 as needed.
[0178] The encoding controlling unit 2 further outputs the inter prediction parameter to the motion-compensated pre-
diction unit 5 as needed.
[0179] When receiving the video signal as the inputted image, the slice partitioning unit 14 partitions the inputted image
into one or more slices which are part images according to the slice partitioning information determined by the encoding
controlling unit 2.
[0180] Every time when receiving each of the slices from the slice partitioning unit 14, the block partitioning unit 1
partitions the slice into coding blocks each having the largest coding block size determined by the encoding controlling
unit 2, and further partitions each of the largest coding blocks partitioned into coding blocks hierarchically, these coding
blocks being determined by the encoding controlling unit 2, and outputs each of the coding blocks.
[0181] Fig. 5 is an explanatory drawing showing an example in which each largest coding block is hierarchically
partitioned into a plurality of coding blocks.
[0182] Referring to Fig. 5, each largest coding block is a coding block whose luminance component, which is shown
by "0-th hierarchical layer", has a size of (L0, M0).
[0183] By performing the partitioning hierarchically with each largest coding block 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, the
coding blocks are acquired.
[0184] At the depth of n, each coding block is an image region having a size of (Ln, Mn).
[0185] Although Ln can be the same as or differ from Mn, the case of Ln=Mn is shown in Fig. 5.
[0186] Hereafter, the coding block size determined by the encoding controlling unit 2 is defined as the size of (Ln, Mn)
in the luminance component of each coding block.
[0187] Because quadtree partitioning is performed, (Ln+1, Mn+1)=(Ln/2, Mn/2) is always established.
[0188] In the case of a color video 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, Mn), while in the case of handling the 4:2:0
format, a corresponding color difference component has a coding block size of (Ln/2, Mn/2).
[0189] Hereafter, each coding block in the nth hierarchical layer is expressed by Bn, and a coding mode selectable
for each coding block Bn is expressed by m(Bn).
[0190] In the case of a color video signal which consists of a plurality of color components, the coding mode m(Bn)
can be configured in such a way that an individual mode is used for each color component, or can be configured in such
a way that a common mode is used for all the color components. Hereafter, an explanation will be made by assuming
that the coding mode indicates a coding mode for the luminance component of each coding block when having the 4:2:0
format in a YUV signal unless otherwise specified.
[0191] Each coding block Bn is partitioned into one or more prediction blocks each representing a unit for prediction
process by the block partitioning unit 1, as shown in Fig. 5.
[0192] Hereafter, each prediction block belonging to each coding block Bn is expressed by Pi

n (i shows a prediction



EP 3 010 232 A1

19

5

10

15

20

25

30

35

40

45

50

55

block number in the nth hierarchical layer). An example of P0
0 and P1

0 is shown in Fig. 5.
[0193] How the partitioning of each coding block Bn into prediction blocks is performed is included as information in
the coding mode m(Bn).
[0194] While a prediction process is performed on each of all the prediction blocks Pi

n according to the coding mode
m(Bn), an individual prediction parameter (an intra prediction parameter or an inter prediction parameter) can be selected
for each prediction block Pi

n.
[0195] The encoding controlling unit 2 generates such a block partitioning state as shown in Fig. 6 for each largest
coding block, and then specifies coding blocks.
[0196] Each rectangle enclosed by a dotted line of Fig. 6 (a) shows a coding block, and each block filled with hatch
lines in each coding block shows the partitioning state of each prediction block.
[0197] Fig. 6(b) shows a situation where a coding mode m(Bn) is assigned to each node through the hierarchical layer
partitioning in the example of Fig. 6(a) is shown by using a quadtree graph. Each node enclosed by h shown in Fig. 6
(b) is a node (coding block) to which a coding mode m(Bn) is assigned.
[0198] Information about this quadtree graph is outputted from the encoding controlling unit 2 to the variable length
encoding unit 13 together with the coding mode m(Bn), and is multiplexed into a bitstream.
[0199] When the coding mode m(Bn) determined by the encoding controlling unit 2 is an intra coding mode (when
m(Bn) ∈ INTRA), the select switch 3 outputs the coding block Bn outputted from the block partitioning unit 1 to the intra
prediction unit 4.
[0200] In contrast, when the coding mode m(Bn) determined by the encoding controlling unit 2 is an inter coding mode
(when m(Bn)∈INTER), the select switch outputs the coding block Bn outputted from the block partitioning unit 1 to the
motion-compensated prediction unit 5.
[0201] When the coding mode m(Bn) determined by the encoding controlling unit 2 is an intra coding mode (when
m(Bn)∈INTRA), and the intra prediction unit 4 receives the coding block Bn from the select switch 3 (step ST3), the intra
prediction unit 4 performs the intra prediction process on each prediction block Pi

n in the coding block Bn by using the
intra prediction parameter determined by the encoding controlling unit 2 while referring to the local decoded image stored
in the memory 10 for intra prediction, to generate an intra prediction image PINTEAi

n (step ST4).
[0202] Although the details will be described below, because already-encoded pixels adjacent to the target block for
prediction are used when performing the process of generating an intra prediction image, the process of generating an
intra prediction image must be always performed on a per transformation block basis in such a way that the pixels
adjacent to the target block for prediction which are used for the prediction process have been already encoded.
[0203] Accordingly, for a coding block in which the coding mode is an intra coding mode, the selectable block sizes
of the transformation blocks are limited to sizes equal to or smaller than the size of the prediction blocks. In addition,
when each transformation block is smaller than a prediction block (when a plurality of transformation blocks exist in a
prediction block), an intra prediction process using the intra prediction parameter determined for this prediction block is
performed and the process of generating an intra prediction image is performed on a per transformation block basis.
[0204] Because the image decoding device needs to generate an intra prediction image which is completely the same
as the intra prediction image PINTRAi

n, the intra prediction parameter used for generating the intra prediction image
PINTPAi

n is outputted from the encoding controlling unit 2 to the variable length encoding unit 13, and is multiplexed into
the bitstream.
[0205] The details of the processing performed by the intra prediction unit 4 will be mentioned below.
[0206] When the coding mode m(Bn) determined by the encoding controlling unit 2 is an inter coding mode (when
m(Bn)∈INTER), and the motion-compensated prediction unit 5 receives the coding block Bn from the select switch 3
(step ST3), the motion-compensated prediction unit 5 compares each prediction block Pi

n in the coding block Bn with
the local decoded image which is stored in the motion-compensated prediction frame memory 12 and on which the
filtering process is performed, to search for a motion vector, and performs the inter prediction process on each prediction
block Pi

n in the coding block Bn by using both the motion vector and the inter prediction parameter determined by the
encoding controlling unit 2, to generate an inter prediction image PINTERi

n (step ST5).
[0207] Because the image decoding device needs to generate an inter prediction image which is completely the same
as the inter prediction image PINTERi

n, the inter prediction parameter used for generating the inter prediction image
PINTERi

n is outputted from the encoding controlling unit 2 to the variable length encoding unit 13, and is multiplexed into
the bitstream.
[0208] The motion vector which is searched for by the motion-compensated prediction unit 5 is also outputted to the
variable length encoding unit 13 and is multiplexed into the bitstream.
[0209] When receiving the coding block Bn from the block partitioning unit 1, the subtracting unit 6 subtracts the intra
prediction image PINTEAi

n generated by the intra prediction unit 4 or the inter prediction image PINTERi
n generated by the

motion-compensated prediction unit 5 from the prediction block Pi
n in the coding block Bn, and outputs a prediction

difference signal ei
n showing a difference image which is the result of the subtraction to the transformation/quantization

unit 7 (step ST6).
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[0210] When receiving the prediction difference signal ei
n from the subtracting unit 6, the transformation/quantization

unit 7 refers to the transformation block partitioning information included in the prediction difference coding parameters
determined by the encoding controlling unit 2, and performs an orthogonal transformation process (e.g., an orthogonal
transformation process, such as a DCT (discrete cosine transform), a DST (discrete sine transform), or a KL transform
in which bases are designed for a specific learning sequence in advance) on the prediction difference signal ei

n on a
per transformation block basis, to calculate transform coefficients.
[0211] The transformation/quantization unit 7 also refers to the quantization parameter included in the prediction
difference coding parameters and quantizes the transform coefficients of each transformation block, and outputs com-
pressed data which are the transform coefficients quantized thereby to the inverse quantization/inverse transformation
unit 8 and the variable length encoding unit 13 (step ST7). At that time, the transformation/quantization unit can perform
the quantization process by using a quantization matrix for performing scaling on the quantization step size calculated
from the above-described quantization parameter for each transform coefficient.
[0212] As the quantization matrix, a matrix which is independent for each chrominance signal and for each coding
mode (intra encoding or inter encoding) at each orthogonal transformation size can be used, and either the selection of
a quantization matrix from a quantization matrix which is prepared, as an initial value, in advance and in common between
the image encoding device and the image decoding device and an already-encoded quantization matrix or the use of a
new quantization matrix can be selected.
[0213] Therefore, the transformation/quantization unit 7 sets flag information showing whether or not to use a new
quantization matrix for each chrominance signal and for each coding mode at each orthogonal transformation size to a
quantization matrix parameter to be encoded.
[0214] In addition, when a new quantization matrix is used, each of the scaling values in the quantization matrix as
shown in Fig. 10 is set to the quantization matrix parameter to be encoded.
[0215] In contrast, when a new quantization matrix is not used, an index specifying a matrix to be used from a quan-
tization matrix which is prepared, as an initial value, in advance and in common between the image encoding device
and the image decoding device and an already-encoded quantization matrix is set to the quantization matrix parameter
to be encoded. However, when no already-encoded quantization matrix which can be referred to exists, only a quantization
matrix prepared in advance and in common between the image encoding device and the image decoding device can
be selected.
[0216] The transformation/quantization unit 7 then outputs the quantization matrix parameter set thereby to the variable
length encoding unit 13.
[0217] When receiving the compressed data from the transformation/quantization unit 7, the inverse quantization/in-
verse transformation unit 8 refers to the quantization parameter and the transformation block partitioning information
which are included in the prediction difference coding parameters determined by the encoding controlling unit 2, and
inverse-quantizes the compressed data on a per transformation block basis.
[0218] When the transformation/quantization unit 7 uses a quantization matrix for the quantization process, the inverse
quantization/inverse transformation unit refers to the quantization matrix and performs a corresponding inverse quanti-
zation process also at the time of the inverse quantization process.
[0219] The inverse quantization/inverse transformation unit 8 also performs an inverse orthogonal transformation
process (e.g., an inverse DCT, an inverse DST, an inverse KL transform, or the like) on the transform coefficients, which
are the compressed data inverse-quantized, on a per transformation block basis, and calculates a local decoding pre-
diction difference signal corresponding to the prediction difference signal ei

n outputted from the subtracting unit 6 and
outputs the local decoding prediction difference signal to the adding unit 9 (step ST8).
[0220] When receiving the local decoding prediction difference signal from the inverse quantization/inverse transfor-
mation unit 8, the adding unit 9 calculates a local decoded image by adding the local decoding prediction difference
signal and either the intra prediction image PINTEAi

n generated by the intra prediction unit 4 or the inter prediction image
PINTERi

n generated by the motion-compensated prediction unit 5 (step ST9).
[0221] The adding unit 9 outputs the local decoded image to the loop filter unit 11 while storing the local decoded
image in the memory 10 for intra prediction.
[0222] This local decoded image is an encoded image signal which is used at the time of subsequent intra prediction
processes.
[0223] When receiving the local decoded image from the adding unit 9, the loop filter unit 11 performs the predetermined
filtering process on the local decoded image, and stores the local decoded image filtering-processed thereby in the
motion-compensated prediction frame memory 12 (step ST10).
[0224] Concretely, the loop filter unit performs a filtering (deblocking filtering) process of reducing a distortion occurring
at a boundary between transformation blocks and a distortion occurring at a boundary between prediction blocks, a
process (pixel adaptive offset process) of adaptively adding an offset on a per pixel basis, an adaptive filtering process
of adaptively switching among linear filters, such as Wiener filters, and performing a filtering process, and so on.
[0225] The loop filter unit 11 determines whether or not to perform the process for each of the above-described filtering
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processes including the deblocking filtering process, the pixel adaptive offset process, and the adaptive filtering process,
and outputs the enable flag of each of the processes, as a part of the sequence level header and a part of the slice level
header, to the variable length encoding unit 13. When using two or more of the above-described filtering processes, the
loop filter unit performs each of the filtering processes in order. Fig. 11 shows an example of the configuration of the
loop filter unit 11 in the case of using a plurality of filtering processes.
[0226] In general, while the image quality is improved with increase in the number of types of filtering processes used,
the processing load is increased conversely. More specifically, there is a trade-off between the image quality and the
processing load. Further, the image quality improving effect of each of the filtering processes differs depending upon
the characteristics of the image which is the target for filtering process. Thus, the filtering process to be used can be
determined according to the processing load acceptable to the image encoding device and the characteristics of the
image on which the encoding process is to be performed.
[0227] In the deblocking filtering process, various parameters used for the selection of the intensity of a filter to be
applied to a block boundary can be changed from initial values. When changing a parameter, the parameter is outputted
to the variable length encoding unit 13 as header information.
[0228] In the pixel adaptive offset process, the image is partitioned into a plurality of blocks first, a case of not performing
the offset process is defined as one class classifying method for each of the coding blocks, and one class classifying
method is selected from among a plurality of class classifying methods which are prepared in advance.
[0229] Next, by using the selected class classifying method, each pixel included in the block is classified into one of
classes, and an offset value for compensating for a coding distortion is calculated for each of the classes.
[0230] Finally, a process of adding the offset value to the brightness value of the local decoded image is performed,
thereby improving the image quality of the local decoded image.
[0231] As the method of performing a class classification, there are a method (referred to as a BO method) of classifying
each pixel into one of classes according to the brightness value of the local decoded image, and a method (referred to
as an EO method) of classifying each pixel into one of classes according to the state of a neighboring region around the
pixel (e.g., whether or not the neighboring region is an edge portion) for each of the directions of edges.
[0232] These methods are prepared in common between the image encoding device and the image decoding device.
For example, as shown in Fig. 14, the case of not performing the offset process is defined as one class classifying
method, and an index indicating which one of these methods is to be used to perform the class classification is selected
for each of the above-described blocks.
[0233] Therefore, in the pixel adaptive offset process, the block partitioning information, the index indicating the class
classifying method for each block, and the offset information for each block are outputted to the variable length encoding
unit 13 as header information.
[0234] In the pixel adaptive offset process, for example, the image can be always partitioned into blocks each having
a fixed size, such as largest coding blocks, and a class classifying method can be selected for each of the blocks and
the adaptive offset process for each class can be performed. In this case, the need for the above-described block
partitioning information can be eliminated, the code amount can be reduced by the code amount required for the block
partitioning information, and the coding efficiency can be improved.
[0235] Further, in the adaptive filtering process, a class classification is performed on the local decoded image by
using a predetermined method, a filter for compensating for a distortion piggybacked on the image is designed for each
region (local decoded image) belonging to each class, and the process of filtering this local decoded image is performed
by using the filter.
[0236] The filter designed for each class is then outputted to the variable length encoding unit 13 as header information.
[0237] As the class classifying method, there are a simple method of partitioning the image into equal parts spatially
and a method of performing a classification on a per block basis according to the local characteristics (a variance and
so on) of the image. Further, the number of classes used in the adaptive filtering process can be set in advance to be
a value common between the image encoding device and the image decoding device, or can be set as a parameter to
be encoded.
[0238] While the image quality improving effect in the latter case is enhanced as compared with that in the former
case because the number of classes used in the latter case can be set freely, the code amount is increased by that
required for the number of classes because the number of classes is encoded.
[0239] The video encoding device repeatedly performs the processes of steps ST3 to ST9 until the video encoding
device completes the processing on all the coding blocks Bn into which the inputted image is partitioned hierarchically,
and, when completing the processing on all the coding blocks Bn, shifts to a process of step ST13 (steps ST11 and ST12).
[0240] The variable length encoding unit 13 variable-length-encodes the compressed data outputted from the trans-
formation/quantization unit 7, the block partitioning information about the inside of each largest coding block, which is
outputted from the encoding controlling unit 2 (the quadtree information which is shown in Fig. 6(b) as an example), the
coding mode m(Bn) and the prediction difference coding parameters, the intra prediction parameter (when the coding
mode is an intra coding mode) or the inter prediction parameter (when the coding mode is an inter coding mode) which
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is outputted from the encoding controlling unit 2, and the motion vector outputted from the motion-compensated prediction
unit 5 (when the coding mode is an inter coding mode), and generates encoded data showing those encoded results
(step ST13).
[0241] At that time, as a method of encoding the compressed data which are the quantized orthogonal transformation
coefficients, each transformation block is further partitioned into blocks (coding sub-blocks) of 434 pixels each of which
is called a Coefficient Group (CG), and a process of encoding the coefficients is performed on a per CG basis.
[0242] Fig. 15 shows the order (scanning order) of encoding the coefficients in each 16316 pixel transformation block.
[0243] A process of encoding 16 CGs of 434 pixels is performed in order from the CG at the lower right corner in this
way, and the 16 coefficients in each CG are further encoded in order from the coefficient at the lower right corner.
[0244] Concretely, flag information showing whether a significant (non-zero) coefficient exists in the 16 coefficients in
the CG is encoded first, whether or not each coefficient in the CG is a significant (non-zero) coefficient is then encoded
in the above-described order only when a significant (non-zero) coefficient exists in the CG, and, for each significant
(non-zero) coefficient, information about its coefficient value is finally encoded in order. This process is performed in the
above-described order on a per CG basis.
[0245] At that time, it is preferable to configure the scanning order in such a way that significant (non-zero) coefficients
appear as consecutively as possible, thereby being able to improve the coding efficiency according to the entropy
encoding.
[0246] Because the coefficients after orthogonal transformation, starting with the dc component located at the upper
left corner, represent the coefficients of components having a frequency which decreases as they approach the upper
left corner, and therefore, in general, significant (non-zero) coefficients appear more frequently as they approach the
upper left corner, as shown in the example shown in Fig. 16, the coefficients can be encoded efficiently by encoding
them in order from the coefficient at the lower right corner, as shown in Fig. 15.
[0247] Although 16316 pixel transformation blocks are explained in the above-described example, an encoding proc-
ess for each CG (coding sub-block) is assumed to be performed also on transformation blocks having a block size other
than 16316 pixels, such as 838 or 32332 pixel transformation blocks.
[0248] The variable length encoding unit 13 also encodes sequence level headers and picture level headers, as the
header information of an encoded bitstream, as illustrated in Fig. 13, and generates an encoded bitstream as well as
picture data.
[0249] Picture data consists of one or more slice data, and each slice data is a combination of a slice level header
and encoded data as mentioned above in the slice currently being processed.
[0250] A sequence level header is generally a combination of pieces of header information which are common on a
per sequence basis, the pieces of header information including the image size, the chrominance signal format, the bit
depths of the signal values of the luminance signal and the color difference signals, and the enable flag information
about each of the filtering processes (the adaptive filtering process, the pixel adaptive offset process, and the deblocking
filtering process) which are performed on a per sequence basis by the loop filter unit 11, the enable flag information of
the quantization matrix, a flag showing whether or not field encoding is performed, and so on.
[0251] A picture level header is a combination of pieces of header information which are set on a per picture basis,
the pieces of header information including an index of a sequence level header to be referred to, the number of reference
pictures at the time of motion compensation, a probability table initialization flag for entropy coding, and so on.
[0252] A slice level header is a combination of parameters which are set on a per slice basis, the parameters including
position information showing at which position of the picture the slice currently being processed exists, an index indicating
which picture level header is to be referred to, the coding type of the slice (all intra coding, inter coding, or the like), the
flag information showing whether or not to perform each of the filtering processes in the loop filter unit 11 (the adaptive
filtering process, the pixel adaptive offset process, and the deblocking filtering process), and so on.
[0253] Next, the process performed by the intra prediction unit 4 will be explained in detail.
[0254] The intra prediction unit 4 refers to the intra prediction parameter of each prediction block Pi

n and performs the
intra prediction process on the prediction block Pi

n to generate an intra prediction image PINTPAi
n, as mentioned above.

Hereafter, an intra process of generating an intra prediction image of each prediction block Pi
n in the luminance signal

will be explained.
[0255] Fig. 7 is an explanatory drawing showing an example of intra prediction modes each of which can be selected
for each prediction block Pi

n in the coding block Bn, and shows the index values of the intra prediction modes and
prediction direction vectors respectively indicated by the intra prediction modes. The index value of each of the above-
described intra prediction modes shows the intra prediction parameter.
[0256] The number of intra prediction modes can be configured to differ according to the size of the block which is the
target for processing.
[0257] By providing a configuration in which the number of intra prediction directions which can be selected is made
to be small for a block having a larger size because the efficiency of intra prediction degrades whereas the number of
intra prediction directions which can be selected is made to be large for a block having a smaller size, the amount of
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computations can be suppressed.
[0258] First, because the process of generating an intra prediction image employs an already-encoded pixel adjacent
to the block which is the target for processing, the process must be performed on a per transformation block basis, as
mentioned above.
[0259] Hereafter, a transformation block for which an intra prediction image is to be generated is referred to as a
prediction image generation block. Therefore, the intra prediction unit 4 performs an intra prediction image generating
process, which will be mentioned blow, on a per prediction image generation block basis, to generate an intra prediction
image of the prediction block Pi

n.
[0260] It is assumed that the size of a prediction image generation block is lin3mi

n pixels.
[0261] Fig. 8 is an explanatory drawing showing an example of pixels which are used when generating a predicted
value of each pixel in the prediction image generation block in the case of lin=mi

n=4.
[0262] Although (23lin+1) already-encoded pixels located on the top of the prediction image generation block and
(23mi

n) already-encoded pixels located to the left of the prediction image generation block are set as the pixels used
for prediction in the example of Fig. 8, the number of pixels used for prediction can be larger or smaller than that of the
pixels shown in Fig. 8.
[0263] Further, although one row or column of pixels adjacent to the prediction image generation block are used for
prediction in the example shown in Fig. 8, two or more rows or columns of pixels can be alternatively used for prediction.
[0264] When the index value indicating the intra prediction mode for the prediction block Pi

n to which the prediction
image generation block belongs is 0 (planar prediction), by using already-encoded pixels adjacent to the top of the
prediction image generation block and already-encoded pixels adjacent to the left of the prediction image generation
block, the intra prediction unit determines a value interpolated according to the distances between these pixels and the
target pixel for prediction in the prediction image generation block as a predicted value and generates a prediction image.
[0265] When the index value indicating the intra prediction mode for the prediction block Pi

n to which the prediction
image generation block belongs is 1 (mean value (DC) prediction), the intra prediction unit determines the mean value
of the already-encoded pixels adjacent to the top of the prediction image generation block and the already-encoded
pixels adjacent to the left of the prediction image generation block as the predicted value of each pixel in the prediction
image generation block and generates a prediction image.
[0266] In addition, a filtering process of smoothing a block boundary is performed on regions A, B, and C of Fig. 17
located at the upper edge and at the left edge of the prediction image generation block, and a final prediction image is
generated. For example, in the case of the arrangement, as shown in Fig. 18, of reference pixels of the filter, according
to the following equation (1), the filtering process is performed by using the following filter coefficients. 

• Region A (the pixel at the upper left corner of the partition Pi
n) 

• Region B (the pixels at the upper edge of the partition Pi
n, except the region A) 

• Region C (the pixels at the left edge of the partition Pi
n, except the region A) 

[0267] In the equation (1), an (n=0, 1, 2) denotes the filter coefficient by which each reference pixel is multiplied, pn
(n=0, 1, 2) denotes each reference pixel of the filter, including the target pixel p0 for filtering process, S’(p0) denotes the
predicted value after the filtering process in the target pixel p0 for filtering process, and S(pn) (n=0, 1, 2) denotes the
predicted value before the filtering process of each reference pixel including the target pixel p0 for filtering process.
[0268] In addition, the block size of the prediction image generation block on which the above-described filtering
process is to be performed can be limited.
[0269] In general, because when the filtering process is performed only on a block edge to change the predicted value,
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a block having a large block size has a small ratio of occupation of a region in which the predicted value varies due to
the filtering process, a change of a prediction residual signal which is caused by this variation in the predicted value is
expressed by a very high frequency component, and there is a tendency that degradation of the coding efficiency is
caused because of the encoding of this high frequency component. Further, when preventing this high frequency com-
ponent from being encoded while giving a priority to the coding efficiency, there is a tendency that a change of the
prediction residual signal of a block edge cannot be restored and a distortion is caused at a block boundary.
[0270] On the other hand, because a block having a small block size has a large ratio of occupation of a region in
which the predicted value varies due to the filtering process, a change of the prediction residual signal which is caused
by this variation in the predicted value is not expressed by such a high frequency component as mentioned at the time
of a block having a large block size, and the residual signal can be encoded appropriately and the quality of the decoded
image can be improved by such an extent that the continuity of a block boundary is improved by using this filtering process.
[0271] Accordingly, for example, by, instead of applying the above-described filtering process to prediction image
generation blocks having a block size of 32332 pixels or more, applying the above-described filtering process only to
blocks having a size smaller than 32332 pixels, increase in the amount of computations can be suppressed while
improving the prediction performance as compared with that of the conventional mean value prediction.
[0272] In addition, the block size of the prediction image generation block on which the above-described filtering
process is to be performed can be limited according to the transformation block size.
[0273] For example, the above-described filtering process is not applied to prediction image generation blocks having
a block size equal to or larger than max(16, MaxTUsize), but the above-described filtering process is applied only to
blocks having a size smaller than max(16, MaxTUsize).
max(α, β) shows the maximum of α and β (e.g., when α=1 and β=2, max(α, β)=2), "MaxTUsize" shows the largest
transformation block size which each transformation block can have, and "16" shows a predetermined block size (16316
pixels) .
[0274] More specifically, in the case of not applying the above-described filtering process to prediction image generation
blocks having a block size equal to or larger than max (16, MaxTUsize), but applying the above-described filtering
process only to blocks having a size smaller than max(16, MaxTUsize), when MaxTUsize is 32, max(16, 32)=32 and
therefore the prevention of the application of the above-described filtering process is performed only on 32332 pixel
blocks while the above-described filtering process is performed on 16316 pixel blocks, 838 pixel blocks, and 434 pixel
blocks.
[0275] Similarly, when MaxTUsize is 16, max(16, 16)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks.
[0276] In addition, when MaxTUsize is 8, max(16, 8)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks. Therefore, when MaxTUsize is 8 at which no 16316 pixel block exists,
the above-described filtering process is performed on all the pixel blocks (838 and 434).
[0277] Similarly, when MaxTUsize is 4, max(16, 4)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks. Therefore, when MaxTUsize is 4 at which only 434 pixel blocks exist,
the above-described filtering process is performed on all the pixel blocks (434).
[0278] By doing in this way, because an orthogonal transformation process with as large a size as possible is typically
performed on, for example, a flat region, such as a "sky" region when performing efficient encoding, a transformation
process with a block size of MaxTUsize is performed on such a region.
[0279] On the other hand, because there is a tendency that in such a large block, the filtering process causes a
distortion at a block boundary of the decoded image, as described above, the filtering process is prevented from being
performed on a flat portion in which the sensitivity is particularly high as a human being’s visual sense characteristic, in
order to suppress such a distortion, and the above-described filtering process is performed on a block having a small
block size, such as a complicated region in which there is a tendency that a reduction of the block size makes it possible
to perform the encoding efficiently, so that there is provided an advantage of improving the prediction efficiency and
improving the quality of the decoded image.
[0280] In addition, when a flag showing whether or not the field encoding is performed is provided for each sequence
level header and the above-described flag is valid, the filtering process is not performed on the upper edge of the
prediction image generation block, as shown in Fig. 19.
[0281] In the case of the field encoding, there is a possibility that because the correlation between pixels in the vertical
direction is low, the prediction efficiency gets worse due to the filtering process on the upper edge of the prediction image
generation block. Therefore, by performing the filtering process only on the regions A and C, and preventing the filtering
process from being performed on the region B, the amount of computations can be reduced while a reduction of the
prediction efficiency is prevented.
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[0282] Although in the above-described example, the filtering process is performed only on the regions A and C when
the flag of a sequence level header showing whether or not the field encoding is performed is valid, the same filtering
process as that on the region C can be performed also on the region A. Thus, by not using pixels in the vertical direction
having a low correlation between the pixels, the possibility of reduction of the prediction efficiency can be further lowered
while the amount of computations required for the filtering process can be reduced. As an alternative, when attaching
importance to a further reduction of the amount of computations, no filtering process can be performed also on the region
A and the filtering process can be performed only on the region C.
[0283] When the index value indicating the intra prediction mode for the prediction block Pi

n to which the prediction
image generation block belongs is 26 (vertical prediction), the intra prediction unit calculates the predicted value of each
pixel in the prediction image generation block according to the following equation (2), and generates a prediction image. 

[0284] In this equation, coordinates (x, y) are relative coordinates (refer to Fig. 9) acquired with the pixel at the upper
left corner in the prediction image generation block being defined as the point of origin, S’ (x, y) is the predicted value
at the coordinates (x, y), and S (x, y) is the brightness value (decoded brightness value) of the already-encoded pixel
at the coordinates (x, y). Further, when the calculated predicted value exceeds a range of values which the brightness
value can have, the predicted value is rounded in such a way as to fall within the range.
[0285] An expression in the first line of the equation (2) means that by adding a value which is one-half of the amount
of change (S(-1, y) - S(-1, -1)) in the vertical direction of the brightness values of adjacent already-encoded pixels to
S(x, -1) which is the predicted value acquired by the vertical prediction in MPEG-4 AVC/H.264, the filtering process is
performed in such a way that a block boundary is smoothed, and an expression in the second line of the equation (2)
shows the same prediction expression as that for the vertical prediction in MPEG-4 AVC/H.264.
[0286] When the index value indicating the intra prediction mode for the prediction block Pi

n to which the prediction
image generation block belongs is 10 (horizontal prediction), the intra prediction unit calculates the predicted value of
each pixel in the prediction image generation block according to the following equation (3), and generates a prediction
image. 

[0287] In this equation, coordinates (x, y) are relative coordinates (refer to Fig. 9) acquired with the pixel at the upper
left corner in the prediction image generation block being defined as the point of origin, S’ (x, y) is the predicted value
at the coordinates (x, y), and S (x, y) is the brightness value (decoded brightness value) of the already-encoded pixel
at the coordinates (x, y). Further, when the calculated predicted value exceeds a range of values which the brightness
value can have, the predicted value is rounded in such a way as to fall within the range.
[0288] An expression in the first line of the equation (3) means that by adding a value which is one-half of the amount
of change (S (x, -1) - S(-1, -1)) in the horizontal direction of the brightness values of adjacent already-encoded pixels to
S(-1, y) which is the predicted value acquired by the horizontal prediction in MPEG-4 AVC/H.264, the filtering process
is performed in such a way that a block boundary is smoothed, and an expression in the second line of the equation (3)
shows the same prediction expression as that for the horizontal prediction in MPEG-4 AVC/H.264.
[0289] The block size of the prediction image generation block on which the vertical prediction according to the equation
(2) and the horizontal prediction according to the equation (3) are to be performed can be limited.
[0290] In general, because when a filtering process of adding a value proportional to the amount of change of the
brightness value in the prediction direction is performed only on a block edge so as to change the predicted value, a
block having a large block size has a small ratio of occupation of a region in which the predicted value varies due to the
above-described filtering process on the block edge of the prediction image generation block, a change of the prediction
residual signal which is caused by this variation in the predicted value is expressed by a very high frequency component,
and there is a tendency that degradation of the coding efficiency is caused because of encoding of this high frequency
component. Further, when preventing this high frequency component from being encoded while giving a priority to the
coding efficiency, there is a tendency that a change of the prediction residual signal of a block edge cannot be restored
and a distortion is caused at a block boundary.
[0291] On the other hand, because a block having a small block size has a large ratio of occupation of a region in
which the predicted value varies due to the filtering process, a change of the prediction residual signal which is caused
by this variation in the predicted value is not expressed by such a high frequency component as mentioned at the time
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of a block having a large block size, and the residual signal can be encoded appropriately and the quality of the decoded
image can be improved by such an extent that the continuity of a block boundary is improved by using this filtering process.
[0292] Accordingly, for example, by, for a prediction image generation block having a block size of 32332 pixels or
more, always using the expressions in the second lines of the equations (2) and (3) regardless of the coordinates of the
target pixel for prediction (not performing the filtering process on the block edges of the prediction image generation
block), and applying the equations (2) and (3) according to which the above-described filtering process is performed
only to blocks having a size smaller than 32332 pixels, increase in the amount of computation can be suppressed while
improving the prediction performance as compared with those of the conventional vertical and horizontal predictions.
[0293] In addition, the block size of the prediction image generation block on which the vertical prediction according
to the equation (2) and the horizontal prediction according to the equation (3) are to be performed can be limited according
to the transformation block size.
[0294] For example, for a prediction image generation block having a block size equal to or larger than max(16,
MaxTUsize), the expressions in the second lines of the equations (2) and (3) are always used regardless of the coordinates
of the target pixel for prediction (the filtering process on the block edges of the prediction image generation block is not
performed), and the equations (2) and (3) according to which the above-described filtering process is performed are
applied only to blocks having a size smaller than max(16, MaxTUsize).
max(α, β) shows the maximum of α and β (e.g., when α=1 and β=2, max(α, β)=2), "MaxTUsize" shows the largest
transformation block size which each transformation block can have, and "16" shows a predetermined block size (16316
pixels) .
[0295] More specifically, in the case of not applying the above-described filtering process to prediction image generation
blocks having a block size equal to or larger than max (16, MaxTUsize), but applying the above-described filtering
process only to blocks having a size smaller than max(16, MaxTUsize), when MaxTUsize is 32, max(16, 32)=32 and
therefore the prevention of the application of the above-described filtering process is performed only on 32332 pixel
blocks while the above-described filtering process is performed on 16316 pixel blocks, 838 pixel blocks, and 434 pixel
blocks.
[0296] Similarly, when MaxTUsize is 16, max(16, 16)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks.
[0297] In addition, when MaxTUsize is 8, max(16, 8)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks. Therefore, when MaxTUsize is 8 at which no 16316 pixel block exists,
the above-described filtering process is performed on all the pixel blocks (838 and 434).
[0298] Similarly, when MaxTUsize is 4, max(16, 4)=16, and therefore the prevention of the application of the above-
described filtering process is performed only on 16316 pixel blocks while the above-described filtering process is per-
formed on 838 pixel blocks and 434 pixel blocks. Therefore, when MaxTUsize is 4 at which only 434 pixel blocks exist,
the above-described filtering process is performed on all the pixel blocks (434).
[0299] By doing in this way, because an orthogonal transformation process with as large a size as possible is typically
performed on a flat region, such as a "sky" region, for example, when performing efficient encoding, a transformation
process with a block size of MaxTUsize is performed on such a region.
[0300] On the other hand, because there is a tendency that in such a large block, the filtering process causes a
distortion at a block boundary of the decoded image, as mentioned above, the filtering process is prevented from being
performed on a flat portion in which its sensitivity is particularly high as a human being’s visual sense characteristic, in
order to suppress such a distortion, and, by performing the above-described filtering process on a block having a small
block size, such as a complicated region in which there is a tendency that reduction of the block size makes it possible
to perform the encoding efficiently, there is provided an advantage of improving the prediction efficiency and improving
the quality of the decoded image.
[0301] Although the above-described operation is explained as to the case of the mean value prediction, the case of
the horizontal prediction, and the case of the vertical prediction, the same advantages can be provided also when a
prediction other than these predictions is used.
[0302] In addition, when the flag showing whether or not the field encoding is performed is provided for each sequence
level header and the above-described flag is valid, an equation (4) is used, instead of the equation (3), for the horizontal
prediction. 

[0303] More specifically, the filtering process is prevented from being performed on the upper edge of the prediction
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image generation block (in the case of the mean value prediction and the vertical prediction, the filtering process is
performed only on the left edge of the prediction image generation block, whereas in the case of the horizontal prediction,
the filtering process is not performed), as shown in Fig. 19.
[0304] In the case of the field encoding, there is a possibility that because the correlation between pixels in the vertical
direction is low, the prediction efficiency gets worse due to an improvement of the continuity of a block boundary which
is caused by the filtering process on the upper edge of the prediction image generation block. Accordingly, by not
performing the above-described filtering process, the amount of computations can be reduced while a reduction of the
prediction efficiency is prevented.
[0305] The flag of a sequence level header showing whether or not the field encoding is performed can be prepared
in each picture level header, and the ON/OFF switching of the filtering process on the upper edge of the prediction image
generation block in the mean value (DC) prediction and in the horizontal prediction can be performed according to the
correlation between pixels in the vertical direction of each picture.
[0306] By doing in this way, adaptive control on a per picture basis can be implemented, and the coding efficiency
can be improved. It is necessary to prepare the above-described flag in each picture level header when implementing
the encoding of adaptively switching between the frame encoding and the field encoding on a per picture basis.
[0307] Further, although the case in which the ON/OFF of the filtering process on the upper edge of the prediction
image generation block is switched on the basis of the flag of a sequence level header or a picture level header showing
whether or not the field encoding is performed is explained in this Embodiment 1, a flag showing whether or not this
switching process is performed can be defined independently from the flag of a sequence level header or a picture level
header showing whether or not the field encoding is performed, and the ON/OFF of the filtering process on the upper
edge of the prediction image generation block can be switched on the basis of this flag showing whether or not the
switching process is performed.
[0308] Further, although the changing of the encoding order explained previously and the above-described switching
of the filtering process are explained separately in this Embodiment 1, these processes can be combined and configured.
[0309] When the index value indicating an intra prediction mode is other than 0 (planar prediction), 1 (mean value
prediction), 26 (vertical prediction), and 10 (horizontal prediction), the intra prediction unit generates the predicted value
of each pixel in the prediction image generation block on the basis of the prediction direction vector up=(dx, dy) shown
by the index value.
[0310] As shown in Fig. 9, when the relative coordinates of each pixel in the prediction image generation block are
expressed as (x, y) with the pixel at the upper left corner of the prediction image generation block being defined as the
point of origin, each reference pixel which is used for prediction is located at a point of intersection of L shown below
and an adjacent pixel. 

where k is a negative real number.
[0311] When a reference pixel is at an integer pixel position, the value of the integer pixel is determined as the predicted
value of the target pixel for prediction, whereas when a reference pixel is not at an integer pixel position, the value of
an interpolation pixel generated from integer pixels which are adjacent to the reference pixel is determined as the
predicted value.
[0312] In the example shown in Fig. 8, because a reference pixel is not located at an integer pixel position, the predicted
value is interpolated from the values of two pixels adjacent to the reference pixel. The intra prediction unit can use,
instead of only the adjacent two pixels, adjacent two or more pixels to generate an interpolation pixel and determine the
value of this interpolation pixel as the predicted value.
[0313] While the increase in the number of pixels used for the interpolation process provides an advantage of improving
the accuracy of interpolation of an interpolation pixel, because the degree of complexity of computations required for
the interpolation process increases, it is preferable to generate an interpolation pixel from a larger number of pixels in
a case in which the image encoding device requires high encoding performance even if the arithmetic load is large.
[0314] Through the process described above, the intra prediction unit generates prediction pixels for all the pixels of
the luminance signal in the prediction block Pi

n on a per prediction image generation block basis, and outputs an intra
prediction image PINTRAi

n.
[0315] The intra prediction parameter (intra prediction mode) used for the generation of the intra prediction image
PINTEAi

n is outputted to the variable length encoding unit 13 in order to multiplex the intra prediction parameter into the
bitstream.
[0316] Like in the case of performing a smoothing process on a reference pixel at the time of performing an intra
prediction on an 838 pixel block in MPEG-4 AVC/H.264 explained previously, even if the intra prediction unit 4 is
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configured in such a way that an already-encoded pixel adjacent to the prediction image generation block on which a
smoothing process is performed is provided as the reference pixel at the time of generating a prediction image of the
prediction image generation block, the filtering process which is the same as that in the above-described example can
be performed on the prediction image. By doing in this way, the noise of the reference pixel which is caused by the
filtering process on the reference pixel can be removed, and the accuracy of the prediction can be improved by performing
the prediction by using this configuration.
[0317] As an alternative, the above-described filtering process on the reference pixel can be configured to be performed
only at the time of a prediction including the step of performing the filtering process on the prediction image, other than
the mean value prediction, the vertical prediction, and the horizontal prediction. By doing in this way, the intra prediction
unit has only to perform one filtering process at the maximum for each prediction mode, and the increase in the amount
of computations can be suppressed.
[0318] Although the process of generating a prediction image of the luminance signal is explained above, prediction
images for the color difference components are generated as follows.
[0319] The intra prediction unit performs an intra prediction process based on the intra prediction parameter (intra
prediction mode) of the color difference signals on the color difference signals of the prediction block Pi

n, and outputs
the intra prediction parameter used for the generation of the intra prediction image to the variable length encoding unit 13.
[0320] Fig. 23 is an explanatory drawing showing an example of a correspondence between the intra prediction
parameter (index value) and a color difference intra prediction mode of the color difference signals.
[0321] When the intra prediction parameter of the color difference signals shows that the same prediction mode as
the intra prediction mode for the luminance signal is used (when the intra prediction parameter shows the intra prediction
mode common between the luminance and the color differences (DM mode)), the intra prediction unit performs the same
intra-frame prediction as that on the luminance signal, to generate prediction images of the color difference signals.
[0322] Further, when the intra prediction parameter of the color difference signals shows the vertical prediction mode
or the horizontal prediction mode, the intra prediction unit performs a directional prediction on the color difference signals
to generate prediction images of the color difference signals.
[0323] Further, when the intra prediction parameter of the color difference signal shows the color difference signal
prediction mode using a luminance correlation (LM mode), the intra prediction unit calculates a correlation parameter
showing the correlation between the luminance signal and the color difference signals by using the luminance signals
and the color difference signals of a plurality of pixels adjacent to the upper and left sides of a block for which a prediction
image is to be generated, and generates prediction images of the color difference signals by using both the correlation
parameter and the luminance signal associated with the block of each of the color difference signals which is the target
for prediction process.
[0324] The intra prediction unit can be configured to perform the process in the above-described DM mode or the
above-described LM mode and prevent itself from selecting another prediction mode when the input signal format is the
YUV4:4:4 signal format. Because there is a high correlation between the edge position of the luminance signal and those
of the color difference signals in a YUV4:4:4 signal, by prohibiting the application of a prediction mode different from
that applied to the luminance signal to the color difference signals, the amount of information in the intra prediction mode
of the color difference signals can be reduced and the coding efficiency can be improved.
[0325] As a matter of course, the intra prediction unit can be configured to select, for the color difference signals, a
directional prediction mode different from that for the luminance signal also in the case of a YUV4:4:4 signal.
[0326] Further, when the input signal format is the YUV4:2:2 signal format, if the luminance signal is a square block,
as shown in Fig. 27, each of the color difference signals is a rectangular block in which the number of pixels in the
horizontal direction is half as compared with that of the luminance signal. Therefore, in order to apply a prediction in the
same direction to the luminance signal and the color difference signals when a YUV4:4:4 signal is converted into a
YUV4:2:2 signal, as shown in Fig. 28, the prediction direction of the color difference signals is configured to differ from
that of the luminance signal on the YUV4:2:2 signal in the case of a directional prediction other than the vertical prediction
and the horizontal prediction.
[0327] Concretely, when the prediction direction vector of the luminance signal is expressed by vL= (dxL, dyL), as
shown in Fig. 29, the prediction direction vector of each of the color difference signals is expressed by vC=(dxL/2, dyL).
More specifically, when the angle of the prediction direction is expressed by theta, as shown in Fig. 30, it is necessary
to perform a prediction in a prediction direction having a relation shown by tanθC=2tanθL, where the angle of the prediction
direction of the luminance signal is expressed by θL and the angle of the prediction direction of each of the color difference
signals is expressed by θC.
[0328] Therefore, in order to make it possible to correctly perform the above-described DM mode in which a prediction
in the same direction is performed on the luminance signal and the color difference signals, when the input signal format
is the YUV4:2:2 signal format, the intra prediction unit converts an index of the intra prediction mode which is used for
the luminance signal into an index of the intra prediction mode which is used for the prediction on the color difference
signals, and performs the prediction process on the color difference signals according to the intra prediction mode
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corresponding to the converted index.
[0329] Fig. 31 shows an example of the conversion of the intra prediction mode index in the intra prediction mode of
Fig. 7.
[0330] The conversion table of Fig. 31 is an example of a table for performing conversion into an angle θC which is
the closest to the following relation: tanθC=2tanθL in the case of an angle at which the directional prediction in the intra
prediction mode is given by tanθ shown in Fig. 32, where the angle of the prediction direction is expressed by theta
(refer to Fig. 30).
[0331] The implementation of the conversion process can be configured in such a way that a conversion table for the
index is prepared and the intra prediction unit converts the index by referring to the conversion table, as described above,
or a conversion equation is prepared and the intra prediction unit converts the index according to the conversion equation.
[0332] Because the intra prediction unit is configured in this way, the intra prediction unit can perform an appropriate
prediction on the color difference signals according to the YUV4:2:2 signal format only by performing the conversion of
the index without changing the directional prediction process itself.
[0333] Further, the intra prediction unit can be configured in such a way as to prevent itself from performing the above-
described LM mode on the color difference signals. As an example of the correspondence between the intra prediction
parameter (index value) and the color difference intra prediction mode of the color difference signals at that time, an
example of Fig. 24 is provided.
[0334] Because by thus configuring the intra prediction unit in such a way as not to use the LM mode as well, the
dependence between the luminance signal and the color difference signals of the target pixel for prediction is eliminated,
parallelization of the prediction process on the luminance signal and that on the color difference signals is enabled, and
high-speed arithmetic processing can be implemented.
[0335] In addition, as to the vertical prediction and the horizontal prediction on the color difference signals, the same
prediction method as that in MPEG-4 AVC/H.264 can be used without performing the filtering process on a block
boundary. By not performing the filtering process in this way, a reduction of the amount of computations of the prediction
process can be achieved.
[0336] Next, the processing performed by the image decoding device shown in Fig. 3 will be explained concretely.
[0337] When receiving the encoded bitstream generated by the image encoding device of Fig. 1, the variable length
decoding unit 31 performs the variable length decoding process on the bitstream (step ST21 of Fig. 4), and decodes
the header information (sequence level header) about each sequence which consists of one or more frames of pictures
and the header information (picture level header) about each picture, the filter parameter for use in the loop filter unit
38, and the quantization matrix parameter.
[0338] At that time, when the enable flag information of the quantization matrix included in the above-described header
information shows "enabled", the variable length decoding unit 31 variable-length-decodes the quantization matrix pa-
rameter and specifies the quantization matrix.
[0339] Concretely, for each chrominance signal and for each coding mode at each orthogonal transformation size,
when the quantization matrix parameter shows that either a quantization matrix which is prepared, as an initial value,
in advance and in common between the image encoding device and the image decoding device, or an already-decoded
quantization matrix is used (no new quantization matrix is used), the image decoding device refers to the index information
included in the quantization matrix parameter and specifying which quantization matrix in the above-described matrices
is used, to specify the quantization matrix, and, when the quantization matrix parameter shows that a new quantization
matrix is used, specifies, as the quantization matrix to be used, the quantization matrix included in the quantization matrix
parameter.
[0340] The image decoding device then decodes the header information about each slice (slice level header), such
as the slice partitioning information, from each slice data which constructs the data about each picture, and decodes
the encoded data about each slice.
[0341] The variable length decoding unit 31 also determines the largest coding block size and the upper limit on the
number of hierarchical layers partitioned which are determined by the encoding controlling unit 2 of the image encoding
device shown in Fig. 1, according to the same procedure as that of the image encoding device (step ST22). For example,
when the largest coding block size and the upper limit on the number of hierarchical layers partitioned are determined
according to the resolution of the video signal, the largest coding block size is determined on the basis of the decoded
frame size information according to the same procedure as that of the image encoding device.
[0342] When the largest coding block size and the upper limit on the number of hierarchical layers partitioned are
multiplexed into the sequence level header or the like by the image encoding device, the values decoded from the above-
described header are used. When the smallest block size of the coding blocks, instead of the upper limit on the number
of hierarchical layers partitioned, is encoded, the upper limit on the number of hierarchical layers partitioned is determined
by decoding this size. More specifically, the number of hierarchical layers in the case of partitioning each largest coding
block into blocks having the above-described smallest block size is the upper limit on the number of hierarchical layers
partitioned. The variable length decoding unit 31 decodes the partitioning state of a largest coding block as shown in
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Fig. 6 for each determined largest coding block. On the basis of the decoded partitioning state, the variable length
decoding unit determines coding blocks hierarchically (step ST23).
[0343] The variable length decoding unit 31 then decodes the coding mode assigned to each coding block. The variable
length decoding unit further partitions each coding block into one or more prediction blocks each of which is a unit for
prediction process on the basis of the information included in the decoded coding mode, and decodes the prediction
parameter assigned to each of the one or more prediction blocks (step ST24).
[0344] More specifically, when the coding mode assigned to a coding block is an intra coding mode, the variable length
decoding unit 31 decodes the intra prediction parameter for each of the one or more prediction blocks which are included
in the coding block and each of which is a unit for prediction process.
[0345] In contrast, when the coding mode assigned to a coding block is an inter coding mode, the variable length
decoding unit decodes the inter prediction parameter and the motion vector for each of the one or more prediction blocks
which are included in the coding block and each of which is a unit for prediction process (step ST24).
[0346] The variable length decoding unit 31 further decodes the compressed data (transformed and quantized transform
coefficients) for each transformation block on the basis of the transformation block partitioning information included in
the prediction difference coding parameters (step ST24).
[0347] At that time, the variable length decoding unit performs a process of decoding the coefficients of each CG in
the same way that the variable length encoding unit 13 of the image encoding device of Fig. 1 performs the process of
encoding the compressed data.
[0348] Therefore, as shown in Fig. 15, the variable length decoding unit performs a process of decoding 16 CGs of
434 pixels in order from the CG at the lower right corner, and further decodes the 16 coefficients in each CG in order
from the coefficient at the lower right corner.
[0349] Concretely, the flag information showing whether a significant (non-zero) coefficient exists in the 16 coefficients
in the CG is decoded first, whether or not each coefficient in the CG is a significant (non-zero) coefficient is then decoded
in the above-described order only when the decoded flag information shows that a significant (non-zero) coefficient
exists in the CG, and, for each coefficient showing a significant (non-zero) coefficient, information about the coefficient
value is finally decoded in order. This process is performed in the above-described order on a per CG basis.
[0350] When the coding mode m (Bn) variable-length-decoded by the variable length decoding unit 31 is an intra
coding mode (when m(Bn) ∈INTRA) , the select switch 33 outputs the intra prediction parameter of each prediction block,
which is variable-length-decoded by the variable length decoding unit 31, to the intra prediction unit 34.
[0351] In contrast, when the coding mode m(Bn) variable-length-decoded by the variable length decoding unit 31 is
an inter coding mode (when m(Bn) ∈INTER), the select switch outputs the inter prediction parameter and the motion
vector of each prediction block, which are variable-length-decoded by the variable length decoding unit 31, to the motion
compensation unit 35.
[0352] When the coding mode m(Bn) variable-length-decoded by the variable length decoding unit 31 is an intra coding
mode (m(Bn)∈:INTRA) (step ST25), the intra prediction unit 34 receives the intra prediction parameter of each prediction
block outputted from the select switch 33, and performs an intra prediction process on each prediction block Pi

n in the
coding block Bn using the above-described intra prediction parameter while referring to the decoded image stored in the
memory 37 for intra prediction, to generate an intra prediction image PINTEAi

n, according to the same procedure as that
of the intra prediction unit 4 shown in Fig. 1 (step ST26).
[0353] When the flag showing whether or not the field encoding is performed is provided for the sequence level header
decoded by the variable length decoding unit 31 and the above-described flag is valid, the filtering process is prevented
from being performed on the upper edge of the prediction image generation block in the mean value (DC) prediction
and in the horizontal prediction, like in the case of the image encoding device of Fig. 1. By doing in this way, the same
prediction image as that of the encoded bitstream generated by the image encoding device of Fig. 1 can be generated.
[0354] When the flag of a sequence level header showing whether or not the field encoding is performed is prepared
for a picture level header in the image encoding device of Fig. 1, according to the value of this flag, in this picture level
header, showing whether or not the field encoding is performed, the ON/OFF switching of the filtering process on the
upper edge of the prediction image generation block in the mean value (DC) prediction and in the horizontal prediction
is performed on a per picture basis.
[0355] By doing in this way, the same prediction image as that of the encoded bitstream generated by the image
encoding device of Fig. 1 which is configured as described above can be generated.
[0356] Further, as to the luminance signal, the intra prediction unit 34 performs the intra prediction process (intra-
frame prediction process) using the above-described intra prediction parameter on the luminance signal, to generate a
prediction image of the luminance signal.
[0357] On the other hand, as to the color difference signals, the intra prediction unit performs the intra prediction
process based on the intra prediction parameter of the color difference signals, to generate prediction images of the
color difference signals.
[0358] Fig. 23 is an explanatory drawing showing an example of the correspondence between the intra prediction
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parameter (index value) and the color difference intra prediction mode of the color difference signals.
[0359] When the intra prediction parameter of the color difference signals shows that the same prediction mode as
the intra prediction mode for the luminance signal is used (when the intra prediction parameter shows the intra prediction
mode common between the luminance and the color differences (DM mode)), the intra prediction unit performs the same
intra-frame prediction as that on the luminance signal to generate prediction images of the color difference signals.
[0360] Further, when the intra prediction parameter of the color difference signals shows the vertical prediction mode
or the horizontal prediction mode, the intra prediction unit performs a directional prediction on the color difference signals
to generate prediction images of the color difference signals.
[0361] Further, when the intra prediction parameter of the color difference signals shows the color difference signal
prediction mode using a luminance correlation (LM mode), the intra prediction unit calculates a correlation parameter
showing the correlation between the luminance signal and the color difference signals by using the luminance signals
and the color difference signals of a plurality of pixels adjacent to the upper and left sides of a block for which a prediction
image is to be generated, and generates prediction images of the color difference signals by using both the correlation
parameter and the luminance signal associated with the block of each of the color difference signals which is the target
for prediction process.
[0362] In the case in which the image encoding device is configured to perform the process in the above-described
DM mode or the above-described LM mode and prevent itself from selecting another prediction mode when the input
signal format is the YUV4:4:4 signal format, the image decoding device is similarly configured in such a way as to be
able to decode the encoded bitstream generated by the image encoding device.
[0363] Because there is a high correlation between the edge position of the luminance signal and those of the color
difference signals in a YUV4:4:4 signal, by prohibiting the application of a prediction mode different from that applied to
the luminance signal to the color difference signals, the amount of information in the intra prediction mode of the color
difference signals can be reduced and the coding efficiency can be improved.
[0364] Further, when the input signal format is the YUV4:2:2 signal format, if the luminance signal is a square block,
as shown in Fig. 27, each of the color difference signals is a rectangular block in which the number of pixels in the
horizontal direction is half as compared with that of the luminance signal. Therefore, in order to apply a prediction in the
same direction to the luminance signal and the color difference signals when a YUV4:4:4 signal is converted into a
YUV4:2:2 signal, as shown in Fig. 28, the prediction direction of the color difference signals is configured to differ from
that of the luminance signal on the YUV4:2:2 signal in the case of a directional prediction other than the vertical prediction
and the horizontal prediction.
[0365] Concretely, when the prediction direction vector of the luminance signal is expressed by vL= (dxL, dyL), as
shown in Fig. 29, the prediction direction vector of each of the color difference signals is expressed by vc=(dxL/2, dyL).
More specifically, when the angle of the prediction direction is expressed by theta, as shown in Fig. 30, it is necessary
to perform a prediction in a prediction direction having a relation shown by tanθC=2tanθL, where the angle of the prediction
direction of the luminance signal is expressed by θL and the angle of the prediction direction of each of the color difference
signals is expressed by θC.
[0366] Therefore, in order to make it possible to correctly perform the above-described DM mode in which a prediction
in the same direction is performed on the luminance signal and the color difference signals, when the input signal format
is the YUV4:2:2 signal format, the intra prediction unit converts an index of the intra prediction mode which is used for
the luminance signal into an index of the intra prediction mode which is used for the prediction on the color difference
signals, and performs the prediction process on the color difference signals according to the intra prediction mode
corresponding to the converted index.
[0367] Fig. 31 shows an example of the conversion of the intra prediction mode index in the intra prediction mode of
Fig. 7.
[0368] The conversion table of Fig. 31 is an example of a table for performing conversion into an angle θC which is
the closest to the following relation: tanθC=2tanθL in the case of an angle at which the directional prediction in the intra
prediction mode is given by tanθ shown in Fig. 32, where the angle of the prediction direction is expressed by theta
(refer to Fig. 30).
[0369] The implementation of the conversion process can be configured in such a way that the conversion table for
the index is prepared and the intra prediction unit converts the index by referring to the conversion table, as described
above, or a conversion equation is prepared and the intra prediction unit converts the index according to the conversion
equation.
[0370] Because the intra prediction unit is configured in this way, the intra prediction unit can perform an appropriate
prediction on the color difference signals according to the YUV4:2:2 signal format only by performing the conversion of
the index without changing the directional prediction process itself.
[0371] Further, in the case in which the image encoding device is configured in such a way as to prevent itself from
performing the above-described LM mode on the color difference signals, the image decoding device is similarly con-
figured in such a way as to be able to decode the encoded bitstream generated by the image encoding device.
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[0372] As an example of the correspondence between the intra prediction parameter (index value) and the color
difference intra prediction mode of the color difference signals at that time, the example of Fig. 24 is provided.
[0373] Because by thus configuring the intra prediction unit in such a way as not to use the LM mode as well, the
dependence between the luminance signal and the color difference signals of the target pixel for prediction is eliminated,
parallelization of the prediction process on the luminance signal and that on the color difference signals is enabled, and
high-speed arithmetic processing can be implemented.
[0374] In addition, in the case in which the image encoding device is configured in such a way as to, as to the vertical
prediction and the horizontal prediction on the color difference signals, use the same prediction method as that in MPEG-
4 AVC/H.264 without performing the filtering process on a block boundary, the image decoding device is similarly
configured in such a way as to be able to decode the encoded bitstream generated by the image encoding device.
[0375] By not performing the filtering process in this way, a reduction of the amount of computations of the prediction
process can be achieved.
[0376] When the coding mode m(Bn) variable-length-decoded by the variable length decoding unit 31 is an inter coding
mode (m(Bn)∈INTER) (step ST25), the motion compensation unit 35 receives the motion vector and the inter prediction
parameter of each prediction block which are outputted from the select switch 33, and performs an inter prediction
process on each prediction block Pi

n in the coding block Bn using the motion vector and the inter prediction parameter
while referring to the decoded image which is stored in the motion-compensated prediction frame memory 39 and on
which the filtering process is performed, to generate an inter prediction image PINTERi

n (step ST27).
[0377] When receiving the compressed data and the prediction difference coding parameters from the variable length
decoding unit 31, the inverse quantization/inverse transformation unit 32 refers to the quantization parameter and the
transformation block partitioning information which are included in the prediction difference coding parameters and
inverse-quantizes the compressed data on a per transformation block basis according to the same procedure as that of
the inverse quantization/inverse transformation unit 8 shown in Fig. 1.
[0378] At that time, the inverse quantization/inverse transformation unit refers to each header information variable-
length-decoded by the variable length decoding unit 31, and, when this header information shows that the inverse
quantization process is to be performed on the slice currently being processed by using the quantization matrix, performs
the inverse quantization process by using the quantization matrix.
[0379] At that time, the inverse quantization/inverse transformation unit refers to each header information variable-
length-decoded by the variable length decoding unit 31 to specify the quantization matrix to be used for each of the
chrominance signals and for each coding mode (intra coding or inter coding) at each orthogonal transformation size.
[0380] The inverse quantization/inverse transformation unit 32 also performs an inverse orthogonal transformation
process on the transform coefficients, which are the compressed data inverse-quantized thereby, on a per transformation
block basis, to calculate a decoded prediction difference signal which is the same as the local decoding prediction
difference signal outputted from the inverse quantization/inverse transformation unit 8 shown in Fig. 1 (step ST28).
[0381] The adding unit 36 adds the decoded prediction difference signal calculated by the inverse quantization/inverse
transformation unit 32 and either the intra prediction image PINTEAi

n generated by the intra prediction unit 34 or the inter
prediction image PINTERi

n generated by the motion compensation unit 35 to calculate a decoded image and output the
decoded image to the loop filter unit 38, and also stores the decoded image in the memory 37 for intra prediction (step
ST29).
[0382] This decoded image is a decoded image signal which is used at the time of subsequent intra prediction proc-
esses.
[0383] When completing the processes of steps ST23 to ST29 on all the coding blocks Bn (step ST30), the loop filter
unit 38 performs a predetermined filtering process on the decoded image outputted from the adding unit 36, and stores
the decoded image filtering-processed thereby in the motion-compensated prediction frame memory 39 (step ST31).
[0384] Concretely, the loop filter unit performs a filtering (deblocking filtering) process of reducing a distortion occurring
at a boundary between transformation blocks and a distortion occurring at a boundary between prediction blocks, a
process (pixel adaptive offset process) of adaptively adding an offset on a per pixel basis, an adaptive filtering process
of adaptively switching among linear filters, such as Wiener filters, and performing a filtering process, and so on.
[0385] However, for each of the above-described filtering processes including the deblocking filtering process, the
pixel adaptive offset process, and the adaptive filtering process, the loop filter unit 38 refers to each header information
variable-length-decoded by the variable length decoding unit 31 to specify whether or not to perform the process on the
slice currently being processed.
[0386] At that time, in the case in which the loop filter unit 11 of the image encoding device is configured as shown in
Fig. 11, for example, when performing two or more filtering processes, the loop filter unit 38 is configured as shown in
Fig. 12.
[0387] In the deblocking filtering process, the loop filter unit refers to the header information variable-length-decoded
by the variable length decoding unit 31, and, when there exists information for changing the various parameters used
for the selection of the intensity of a filter applied to a block boundary from initial values, performs the deblocking filtering
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process on the basis of the change information. When no change information exists, the loop filter unit performs the
deblocking filtering process according to a predetermined method.
[0388] In the pixel adaptive offset process, the loop filter unit partitions the decoded image into blocks on the basis of
the block partitioning information for the pixel adaptive offset process, which is variable-length-decoded by the variable
length decoding unit 31, refers to the index variable-length-decoded by the variable length decoding unit 31 and indicating
the class classifying method of each of the blocks on a per block basis, and, when the index does not indicate "does
not perform the offset process", performs a class classification on each pixel in each of the blocks according to the class
classifying method indicated by the above-described index.
[0389] As candidates for the class classifying method, the same candidates as those for the class classifying method
of the pixel adaptive offset process performed by the loop filter unit 11 are prepared in advance.
[0390] The loop filter unit 38 then refers to the offset information specifying the offset value calculated for each class
on a per block basis and variable-length-decoded by the variable length decoding unit 31, and performs a process of
adding the offset to the brightness value of the decoded image.
[0391] In the adaptive filtering process, after performing a class classification according to the same method as that
used by the image encoding device of Fig. 1, the loop filter unit performs the filtering process by using the filter for each
class, which is variable-length-decoded by the variable length decoding unit 31, on the basis of information about the
class classification.
[0392] The decoded image on which the filtering process is performed by this loop filter unit 38 is provided as a
reference image for motion-compensated prediction, and is determined as a reproduced image.
[0393] As can be seen from the above description, because the image encoding device in accordance with this
Embodiment 1 is configured in such a way as to generate an encoded bitstream which can be correctly played back
from the same field at all times irrespective of the decoding start position of the encoded bitstream also in the field pair
encoding of an interlaced video, a display device that displays a decoded image has only to be configured in such a
way as to always display the same field first irrespective of the decoding start position of the encoded bitstream also in
the field pair encoding of an interlaced video, and there is provided an advantage of being able to easily perform the
display process.
[0394] Further, in accordance with this Embodiment 1, there is provided an advantage of being able to correctly decode
the encoded bitstream which can be correctly played back at all times from the same field irrespective of the decoding
start position of the encoded bitstream also in the field pair decoding of an interlaced video.
[0395] While the invention has been described in its preferred embodiment, it is to be understood that various changes
can be made in an arbitrary component according to the embodiment, and an arbitrary component according to the
embodiment can be omitted within the scope of the invention.

INDUSTRIAL APPLICABILITY

[0396] As mentioned above, because the image encoding device, the image encoding method, the image decoding
device, and the image decoding method in accordance with the present invention make it possible to generate and
encode an encoded bitstream which can be played back at all times from the same field irrespective of the decoding
start position of the encoded bitstream also in the field pair encoding of an interlaced video, they are useful in a video
encoding device, a video decoding device, etc.

EXPLANATION OF REFERENCE NUMERALS

[0397] 1 block partitioning unit, 2 encoding controlling unit, 3 select switch, 4 intra prediction unit (intra predictor), 5
motion-compensated prediction unit, 6 subtracting unit, 7 transformation/quantization unit, 8 inverse quantization/inverse
transformation unit, 9 adding unit, 10 memory for intra prediction, 11 loop filter unit, 12 motion-compensated prediction
frame memory, 13 variable length encoding unit, 14 slice partitioning unit, 31 variable length decoding unit, 32 inverse
quantization/inverse transformation unit, 33 select switch, 34 intra prediction unit (intra predictor), 35 motion compensation
unit, 36 adding unit, 37 memory for intra prediction, 38 loop filter unit, and 39 motion-compensated prediction frame
memory.

Claims

1. An image encoding device that encodes each field as a picture, each frame consisting of two fields: a first field and
a second field, said image encoding device comprising:

an encoder that encodes a first field of a specific frame as an intra picture which is predicted by using only an
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intra prediction, and that encodes the first field of said specific frame, a second field of said specific frame, a
picture whose encoding order is later than that of the first field of said specific frame later and whose display
order is earlier than that of the first field, and a picture whose encoding order and also display order are later
than those of the first field of said specific frame in order of those pictures; and
a multiplexer that multiplexes information showing that the first field of said specific frame is a picture, in a
bitstream, at which decoding can be started into said bitstream.

2. An image encoding method of encoding each field as a picture, each frame consisting of two fields: a first field and
a second field, said image encoding method comprising:

an encoding step of encoding a first field of a specific frame as an intra picture which is predicted by using only
an intra prediction, and encoding the first field of said specific frame, a second field of said specific frame, a
picture whose encoding order is later than that of the first field of said specific frame and whose display order
is earlier than that of the first field, and a picture whose encoding order and also display order are later than
those of the first field of said specific frame later in order of those pictures; and
a multiplexing step of multiplexing information showing that the first field of said specific frame is a picture, in
a bitstream, at which decoding can be started into said bitstream.

3. An image decoding device comprising:

a decoder that decodes a bitstream in which each frame consists of two fields: a first field and a second field,
and each of the fields is encoded as a picture, and acquires information showing that the first field of a specific
frame is a picture, in said bitstream, at which decoding can be started, and that, when starting the decoding
from the first field of said specific frame specified by said information, can decode pictures whose decoding
orders and also display orders are later than those of the first field of said specific frame, said pictures including
the first field of said specific frame and the second field of said specific frame.

4. An image decoding method comprising:

a decoding step of decoding a bitstream in which each frame consists of two fields: a first field and a second
field, and each of the fields is encoded as a picture, and acquiring information showing that the first field of a
specific frame is a picture, in said bitstream, at which decoding can be started, and, when starting the decoding
from the first field of said specific frame specified by said information, being able to decode pictures whose
decoding orders and also display orders are later than those of the first field of said specific frame, said pictures
including the first field of said specific frame and the second field of said specific frame.

Amended claims under Art. 19.1 PCT

1. An image encoding device that encodes each field as a picture, each frame consisting of two fields: a first field and
a second field, said image encoding device comprising:

an encoding setter that makes a setup for encoding a first field of a specific frame as an intra picture which is
predicted by using only an intra prediction, and encoding the first field of said specific frame, a second field of
said specific frame, a picture whose encoding order is later than that of the second field of said specific frame
later and whose display order is earlier than that of the second field, and a picture whose encoding order and
also display order are later than those of the second field of said specific frame in order of those pictures; and
a multiplexer that multiplexes information showing that the first field of said specific frame is a picture, in a
bitstream, at which decoding can be started into said bitstream, wherein
said encoding setter sets only a picture whose display order is later than the first field of said specific frame, as
a reference picture for inter prediction, for the second field of said specific frame, and the picture whose encoding
order and also display order are later than those of the second field of said specific frame.

2. An image encoding method of encoding each field as a picture, each frame consisting of two fields: a first field and
a second field, said image encoding method comprising:

an encoding setting step of making a setup for encoding a first field of a specific frame as an intra picture which
is predicted by using only an intra prediction, and encoding the first field of said specific frame, a second field
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of said specific frame, a picture whose encoding order is later than that of the second field of said specific frame
and whose display order is earlier than that of the second field, and a picture whose encoding order and also
display order are later than those of the second field of said specific frame later in order of those pictures; and
a multiplexing step of multiplexing information showing that the first field of said specific frame is a picture, in
a bitstream, at which decoding can be started into said bitstream, wherein
said encoding setting step includes a step of setting only a picture whose display order is later than the first
field of said specific frame, as a reference picture for inter prediction, for the second field of said specific frame,
and the picture whose encoding order and also display order are later than those of the second field of said
specific frame.

3. An image decoding device comprising:

a decoder that decodes a bitstream in which each frame consists of two fields: a first field and a second field,
and each of the fields is encoded as a picture, and acquires information showing that the first field of a specific
frame is a picture, in said bitstream, at which decoding can be started, and that, when starting the decoding
from the first field of said specific frame specified by said information, decodes pictures whose display orders
are later than that of the first field of said specific frame by decoding the first field of said specific frame, the
second field of said specific frame, and a picture whose decoding order and also display order are later than
those of the second field of said specific frame in order of those pictures.

4. An image decoding method comprising:

a decoding step of decoding a bitstream in which each frame consists of two fields: a first field and a second
field, and each of the fields is encoded as a picture, and acquiring information showing that the first field of a
specific frame is a picture, in said bitstream, at which decoding can be started, and, when starting the decoding
from the first field of said specific frame specified by said information, decoding pictures whose display orders
are later than that of the first field of said specific frame by decoding the first field of said specific frame, the
second field of said specific frame, and a picture whose decoding order and also display order are later than
those of the second field of said specific frame in order of those pictures.
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