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ABSTRACT

A video decoder decoding an encoded stream
includes a parallel entropy decoding part to entropy decode
the stream of blocks in block lines in parallel, a parallel
QP prediction part to compute prediction values of the
blocks in the block lines in parallel, and a parallel
decoding processing part to generate decoded pixels of the
blocks in the block lines in parallel, the decoded pixel
being obtained utilizing data decoded by the parallel
entropy decoding part and the prediction wvalue. When
performing computing processing in parallel per unit of
N block lines, the processing is performed on a processing
block ina (K- 1)thblock line preceding a processing block
in a Kth block line by at least one block in a horizontal
position to compute the prediction value of the processing
block by referring to a block already processed

corresponding to the processing block.
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VIDEO DECODER, VIDEO ENCODER, VIDEO DECODING METHOD, AND
VIDEO ENCODING METHOD

RELATED APPLICATIONS

The present application is a divisional of Australian
Patent Application No. 2013210274 filedon 16 January 2013.
The entire contents of the Australian Patent Application

No. 2013210274 are incorporated herein by reference.

TECHNICAL FIELD
The embodiments discussed herein relate to a video
decoder, a video encoder, a video decoding method, and a

video encoding method.

BACKGROUND

A recent video encoding technology involves dividing
an image into blocks, predicting pixels contained in each
of the blocks, and encoding the prediction differentials
to achieve a high compression ratio. 1In this technology,
a prediction mode for forming prediction pixels from the
pixels within a picture subjected to encoding is referred
to as “intra-prediction”, and a prediction mode for forming
prediction pixels from a previously encoded reference
image called “motion compensation” is referred to as
“inter-prediction”.

In the video encoder, the inter-prediction expresses
a region referred to as the predicted pixels with a motion
vector composed of two-dimensional coordinate data
including a horizontal component and a vertical component,
and encodes prediction differential data of the motion
vector and the pixels. 1In order to suppress an encoding
amount of the motion vector, a prediction vector is
generated from a motion vector of a block adjacent to the
block subjected to encoding, and the differential vector
between the motion vector and the prediction vector is
encoded.

In Moving Picture Experts Group (MPEG)-4 AVC/H.264
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(hereinafter also called “H.264”), which is a current
provisioning video coding standard typically represented
by High Efficiency Video Coding (HEVC), an address is
assigned to each of the divided blocks in a raster order,
and the processing order of the blocks is complied with
the address order.

In the video encoding-decoding process, a large number
of pixels is generally processed per second. Inparticular,
motion compensation or orthogonal transformation may
require high computational performance, and hence, it may
be preferable that the video encoding or decoding process
implement parallel processing. In the video encoding,
there is a dependence relationship between the blocks for
computing various prediction values from a block
peripheral to the block subjected to encoding in a manner
similar to the computation of the prediction vectors as
described above. Hence, it may be difficult to perform
parallel processing on the blocks.

A method for implementing parallel processing on the
blocks without affecting the processing order or the
dependence relationship between the blocks may, for
example, include performing parallel processing by
shifting a horizontal position of each of the processing
blocks corresponding to the block lines.

In the following description, such parallel processing
is called “parallel block line processing”. Next, a case
where the parallel block line processing is performed
corresponding to two block lines is described.

In order to perform parallel block line processing, a
video processing device includes a unit 1 and a unit 2 each
configured to independently process the corresponding
block lines. For example, the unit 1 may be configured to
process odd-numbered block lines, and the unit 2 may be
configured to process even-numbered block lines.

FIG. 1 is a diagram illustrating an example of parallel
block line processing. As illustrated in FIG. 1, a

horizontal address of a block in a first block line
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processed by the unit 1 are shifted by two or more blocks
from a horizontal address of a block in a second block line
processed by the unit 2.

Thus, when a processing block X processed by the unit
2 is focused on, ablock Aon the left side of the processing
block X is a processed block on which processing has been
already performed. Similarly, a block B, a block C, and
a block D processed by the unit 1 are processed blocks.
The block B is on the upper left side of the processing
block X, the block C is above the processing block X, and
the block D is on the upper right side of the processing
block X. The block Xmay be able toutilize encoded results
of these processed blocks.

For example, processing on the even-numbered block
lines may be able to start without awaiting the end of the
processing on the odd-numbered block lines, and hence, the
processing block X may be able to implement parallel
processing associated with processing such as motion
prediction or orthogonal transformation. In the above
example, parallel processing of two block lines is
described; however, the implementation of parallel
processing is not limited to the parallel processing of
the two block lines. 1In a case of parallel processing of
N block lines, N units may be assigned to the N block lines
in the video processing device.

Note that when parallel block line processing is
executed as a program, a processing unit may be a thread,
or a central processing unit (CPU).

According to H.264, entropy encoding may be carried out
by processing a series of output bits in the order of
processing blocks based on the standard specification.
Hence, the video processing device temporarily stores
results of the aforementioned parallel block line
processing, and an entropy-encoder encodes the stored
results in the order of processing blocks based on the
standard specification.

By contrast, HEVC discloses a technology for
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interleafing a series of output bits between the block lines.
FIG. 2 is a diagram illustrating an example of parallel
block line processing performed by an entropy processing
part in HEVC. As illustrated in FIG. 2, entropy encoding
or decoding may be performed by parallel processing between
the block lines.

RELATED ART DOCUMENT

Non-Patent Document 1: ISO/IEC 14496-10 (MPEG-4 Part
10) / ITU-T Rec.H.264

Non-Patent Document 2: Thomas Wiegand,Woo-Jin Han,
Benjamin Bross,Jens-Rainer Ohm,Gary J. Sullivan,“Working
Draft 5 of High-Efficiency Video Coding” JCTVC-G1103,
JCT-VC 7th Meeting, December, 2011.

Non-Patent Document 3: HEVC reference software HM 5.0
https://hevc.hhi.fraunhofer.de/svn/svn HEVCSoftware/ta
gs/HM-5.0/

Non-Patent Document 4: MPEG-2, Test Model 5 (TM 5), Doc.
ISO/IEC JTC1/SC29/WG11/N0400, Test Model Editing
Committee, April 1993.

In a hybrid encoding system, which is a combination of
motion compensation and orthogonal transformation (e.g.,
discrete cosine transform (DCT)) represented by H.264 or
HEVC, the compression is implemented by dividing an image
into blocks, generating prediction pixels of the blocks,
and performing orthogonal transformation such as DCT on
the differential pixels between the original pixels and
the prediction pixels to quantize output coefficients of
the orthogonal transformation.

In this hybrid system, a quantization parameter (QP)
to regulate the accuracy of the quantization is prepared,
and the QP value is encoded for each of the blocks so as
to control an amount of output-bitstream.

However, in a case where all the quantized
transform-coefficients in the blocks are 0, the results

of inverse quantization are all 0. Hence, the QP value may
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not be required for decoding processing. In such a case,
the QP value is invalidated, and is not encoded as a result.

A prediction value of the QP value (hereinafter called
a “QP prediction value”) is generated in in each of the
blocks. Hence, when the QP values of the processing blocks
are invalidated, the QP value of each of the blocks is set
as the QP prediction value. As a method for determining
the QP value for each of the blocks, the algorithm utilized
in TM 5 disclosed in Non-Patent Document 4 may be known
in the art.

A method for encoding the QP value according to H.264
or HEVC includes encoding the differential value QP DELTA
between the QP value and the QP prediction value of the
processing block. For example, the QP prediction value may
be a QP value QP prev, which is the QP value of an
immediately preceding block of the processing block in the
raster order. The QP DELTA may be computed by the
following formula (1).

QP DELTA = QP — QP PTev .. (1)
The video decoder is configured to decode the QP DELTA
entropy encoded by the video encoder to restore the QP value
by the following formula (2).

QP = QP DELTA + QP Prev .. (2)
When there isno block immediately preceding the processing
block such as the first block of the processing picture,
the QP prev may be a value determined in advance of the
processing of the first block. For example, according to
H.264, the QP prev of the first block of the picture is
assigned with a Slice QP value described in header
information called “Slice”.

Further, according to H.264 or HEVC, the QP value of
each of the blocks may be utilized for determining the
filter strength of a deblocking filter other than the
quantization of the orthogonal transformation. The
invalidated QP is not reported to the video decoder. Hence,
the QP value of the block having the invalidated QP may

be processed as the QP prev.
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Here, a (K — 1)th block line and a Kth block line in
the parallel block line processing are focused on. When
a first block X in the Kth block line is processed at the
time of starting processing of the Kth block line,
approximately two blocks in the Kth block line have been
processed in advance of (K - 1)th block line. A block
preceding the first block of the Kth block line corresponds
to a last block of the (K- 1)th block line. Accordingly,
the processing of the block Y is yet to be completed at
the time of starting processing of the Kth block line.

Hence, when the block X is processed, a QP prev is not
determined. Since the QP prev of the block X is not
determined, a QP prev of a block subsequent to the block
X 1s not determined.

Accordingly, the QP prediction values are not computed
in parallel between the block lines but are computed
sequentially. FIGS. 3A and 3B are block diagrams each
illustrating a schematic configuration of a related-art
video processing device performing related-art parallel
block line processing.

More specifically, FIG. 3A is a block diagram
illustrating a schematic configuration of a related-art
encoder performing parallel block line processing. FIG.
3B is a block diagram illustrating a schematic
configuration of a related-art decoder performing parallel
block line processing.

As illustrated in FIGS. 3A and 3B, in the related-art
video processing device, a QP prediction part configured
to compute the QP prediction values may be a bottleneck.

FIG. 4A is a diagram illustrating an example of parallel
block line processing in QP prediction processing. In the
example illustrated in FIG. 4A, the first block line and
the second block line are processed in parallel. In this
case, when X represents the processing block of the second
block line, the computation of a QP prediction value of
the block X may need to wait until the processing of the

block Y is completed. That is, processing of the second
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block line is not initiated unless the processing of the
first block line is completed.

FIG. 4B is a diagram illustrating another example of
parallel block line processing in the QP prediction
processing. As illustrated in FIG. 4B, when the processing
of the block Y has been completed, the processing of the
second block line is initiated.

FIG. 4C is a diagram illustrating still another example
of parallel block line processing in the QP prediction
processing. In the example illustrated in FIG. 4C, the QP
prediction part that has been processing the first block
line may need to wait until processing of a block V is
completed in order to compute a QP value of a block W in
a third block line.

That is, processing of the third block line is not

initiated unless the processing of the second block line
is completed.
Thus, the processing of the (K - 1)th block line may need
to be completed for initiating the Kth block line, and
consequently, the QP values may be computed in series in
the related art technology.

When the encoding processing is performed in parallel,
and the QP prediction parts are processed in series, the
following points may need to be considered. For example,
since the QP prev of the block X is not determined, the
QP DELTA is not computed at the first block of the Kth block
line, and the entropy processing of the block X is not
initiated until the processing of the block Y is completed.

Accordingly, since the initiation of the entropy
processing is delayed, the buffer size for storing the
results generated by the encoding processing part may be
increased. Further, processing of a deblocking filter is
not initiated.

Similarly, parallel block line processing in a video
decoder may be considered below. According to HEVC, the
entropy processing may be performed in parallel between

the block lines. Similar to the first example, the (K -
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1)th block 1line and the Kth block line are focused on, and
the QP restoration processing of the first block X of the
Kth block line are considered. In this case, the QP DELTA
of the block Y is yet to be decoded at the time where the
QP DELTA of the block X is decoded, and hence, the QP value
of the block Y will not be restored.

Since the QP prediction value QP prev of the block X
corresponds to the QP value of the block Y, the QP prev
of the block X will not be computed. As a result, the QP
value of the block X will not be restored. Accordingly,
the QP prediction values of the respective blocks may be
performed in series, which may result in the bottleneck
in the parallel processing in a manner similar to the video

encoder.

SUMMARY

Accordingly, the technology disclosed below may enable
the computational processing of the QP prediction values
to implement parallel processing, which may improve the
efficiency of the parallel block line processing.

According to an aspect of the present disclosure, there
is provided a video decoder for decoding a stream encoded
with a video encoding system, in which the encoded stream
is obtained by encoding an image of a plurality of divided
blocks. The video decoder includes a parallel entropy
decoding part configured to entropy decode the stream of
the blocks contained in block lines, the stream of the
blocks in each of the block lines being entropy decoded
inparallel with the stream of the blocks in a corresponding
one of the block lines, each of the block lines indicating
an array of the blocks; a parallel QP prediction part
configured to compute prediction values of gquantization
parameters of the blocks contained in the block lines, the
prediction values of the blocks in each of the block lines
being computed in parallel with the predication values of
the blocks in a corresponding one of the block lines; and

a parallel decoding processing part configured to generate
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decoded pixels with respect to the blocks contained in the
block lines, the decoded pixels with respect to the blocks
in each of the block lines being generated in parallel with
the decoded pixels with respect to the blocks in a
corresponding one of the block lines, each of the decoded
pixels being decoded by utilizing data decoded by the
parallel entropy decoding part and the prediction wvalue
computed by the parallel QP prediction part. 1In the video
decoder, when the parallel QP prediction part performs the
prediction value computing processing in parallel per unit
of N block lines where the N is a value of two or greater,
the parallel QP prediction part performs the prediction
value computing processing on a processing block in a (K
— 1)th block line, which precedes a processing block in
a Kth block line by at least one block in a horizontal
position, so as to compute the prediction value of the
processing block in the (K - 1)th block line by referring
to a block that has already been processed in the Kth block
line corresponding to the processing block in the (K- 1)th
block line in the parallel processing.

According to another aspect of the present
disclosure, there is provided a video decoder for decoding
a stream encoded with a video encoding system. The encoded
stream is obtained by encoding an image of a plurality of
divided blocks. The video decoder includes a parallel
entropy decoding part configured to entropy decode the
stream of the blocks contained in block lines, the stream
of the blocks in each of the block lines being entropy
decoded in parallel with the stream of the blocks in a
corresponding one of the block lines, each of the block
lines indicating an array of the blocks; a parallel QP
prediction part configured to compute prediction values
of gquantization parameters of the blocks contained in the
block lines, the prediction values of the blocks in each
of the block lines being computed in parallel with the
prediction values of the blocks in a corresponding one of

the block lines; and a parallel decoding processing part
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configured to generate decoded pixels with respect to the
blocks contained in the block lines, the decoded pixels
with respect to the blocks in each of the block lines being
generated in parallel with the decoded pixels with respect
to the blocks in a corresponding one of the block lines,
each of the decoded pixels being decoded by utilizing data
decoded by the parallel entropy decoding part and the
prediction value computed by the parallel QP prediction
part. When prediction value computing processing is
performed on N block lines in parallel, where the N is a
value of two or greater, the parallel QP prediction part
performs the prediction value computing processing such
that a processing block in a (K-1)th block line, which is
processed in parallel with a processing block in a Kth block
line, is ahead of the processing block in the Kth block
line by at least one block in a horizontal position. When
the processing block in the Kth block 1line is at a beginning
of the Kth block line, the parallel QP prediction part
initializes a quantization parameter of a block processed
immediately before the processing block in the Kth block
line with a quantization parameter defined for a slice to
which the processing block in the Kth block line belongs,
and computes the prediction value of the processing block
in the Kth block line based on the initialized quantization
parameter. Further, when the processing block in the Kth
block line is at a position other than the beginning of
the Kthblock line, theparallel QP prediction part computes
the prediction value of the processing block in' the Kth
block line based on a quantization parameter of a block
that has already been processed in the Kth block line.
According to yet another aspect of the present

disclosure, there is provided amethod for decoding a stream
encoded with a video encoding system. The encoded stream
is obtained by encoding an image of a plurality of divided
blocks. The method includes entropy decoding the stream
of the blocks contained in block lines, the stream of the

blocks in each of the block lines being entropy decoded
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inparallel with the streamof the blocks in a corresponding
one of the block lines, each of the block lines indicating
an array of the blocks; computing prediction values of
quantization parameters of the blocks contained in the
block lines, the prediction values of the blocks in each
of the block lines being computed in parallel with the
prediction values of the blocks in a corresponding one of
the block lines; and generating decoded pixels with respect
to the blocks contained in the block lines, the decoded
pixels with respect to the blocks in each of the block lines
being generated in parallel with the decoded pixels with
respect to the blocks in a corresponding one of the block
lines, each of the decoded pixels being decodedbyutilizing
the entropy decoded stream of the block and the computed
prediction values. When prediction value computing
processing is performed on N block lines in parallel, where
the N is a value of two or greater, the prediction values
are computed such that a processing block ina (K-1)th block
line, which is processed inparallel with a processingblock
in a Kth block line, is ahead of the processing block in
the Kth block line by at least one block in a horizontal
position. When the processing block in the Kth block line
is at a beginning of the Kth block line, a quantization
parameter of a block processed immediately before the
processing block in the Kth block line is initialized with
a quantization parameter defined for a slice to which the
processing block in the Kth block line belongs, and the
prediction value of the processing block in the Kth block
line is computed based on the initialized quantization
parameter. Further, when the processing block in the Kth
block line is at a position other than the beginning of
the Kth block line, the prediction value of the processing
block in the Kth block line is computed based on a
quantization parameter of a block that has already been
processed in the Kth block line.

According to another aspect of the present

disclosure, there is provided a computer readable medium
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having a computer program stored on the medium for decoding
a stream encoded with a video encoding system. The encoded
stream is obtained by encoding an image of a plurality of
divided blocks. The computer program includes code for:
entropy decoding the streamof the blocks contained inblock
lines, the stream of the blocks in each of the block lines
being entropy decoded in parallel with the stream of the
blocks in a corresponding one of the block lines, each of
theblock lines indicating an array of the blocks; computing
prediction values of quantization parameters of the blocks
contained in the block lines, the prediction values of the
blocks in each of the block 1ines being computed in parallel
with the prediction values of the blocks in a corresponding
one of the block lines; and generating decoded pixels with
respect to the blocks contained in the block lines, the
decoded pixels with respect to the blocks in each of the
block lines being generated in parallel with the decoded
pixels with respect to the blocks in a corresponding one
of the block lines, each of the decoded pixels being decoded
by utilizing the entropy decoded stream of the block and
the computed prediction values. When prediction wvalue
computing processing is performed on N block lines in
parallel, where the N is a value of two or greater, the
prediction values are computed such that a processingblock
in a (K-1)th block line, which is processed in parallel
with a processing block in a Kth block line, is ahead of
the processing block in the Kth block line by at least one
block in a horizontal position. When the processing block
in the Kth block line is at a beginning of the Kth block
line, a gquantization parameter of a block processed
immediately before the processing block in the Kth block
line is initialized with a quantization parameter defined
for a slice to which the processing block in the Kth block
line belongs, and the prediction value of the processing
block in the Kth block line is computed based on the
initialized quantization parameter. Further, when the

processing block in the Kth block line is at a position
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other than the beginning of the Kth block line, the
prediction value of the processing block in the Kth block
line is computed based on a quantization parameter of a
block that has already been processed in the Kth block line.

The object and advantages of aspects of the present
disclosure will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory and are not restrictive of the
invention.

Additional objects and advantages of the embodiments
will be set forth in part in the description which follows,
and in part will be obvious from the description, or may

be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example of parallel
block line processing;

FIG. 2 is a diagram illustrating an example of parallel
block line processing of an entropy processing part
according to HEVC;

FIG. 3A is a block diagram illustrating a schematic
configuration of a related-art encoder performing parallel
block line processing;

FIG. 3B is a block diagram illustrating a schematic
configuration of a related-art decoder performing parallel
block line processing;

FIG. 4A is a diagram illustrating an example of block
line parallel processing in QP prediction processing;

FIG. 4B is a diagram illustrating another example of
block line parallel processing in the QP prediction
processing;

FIG. 4C 1is a diagram illustrating still another example
of block line parallel processing in the QP prediction

processing;
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FIG. 5 is a block diagram illustrating a configuration
example of a video decoder according to a first embodiment;

FIG. 6 is a block diagram illustrating configuration
examples of respective components of a parallel decoding
part of the video decoder according to the first embodiment;

FIG. 7 is a block diagram illustrating a configuration
example of a decoding processing part of the video decoder
according to the first embodiment;

FIG. 8 is a block diagram illustrating an example of
available blocks in parallel QP prediction processing in
a case where N = 3;

FIG. 9 is a block diagram illustrating a configuration
example of a QP prediction part of the video decoder
according to the first embodiment;

FIG. 10A is a diagram illustrating an example of QP
prediction processing in the video decoder according to
the first embodiment;

FIG. 10B is a diagram illustrating another example of
the QP prediction processing in the video decoder according
to the first embodiment;

FIG. 11 is a flowchart illustrating an example of block
decoding processing in the video decoder according to the
first embodiment;

FIG. 12 is a block diagram illustrating a configuration
example of a video encoder according to a second embodiment;

FIG. 13 is a block diagram illustrating configuration
examples of respective components of a parallel encoding
part in the video encoder according to the second
embodiment;

FIG. 14 is a block diagram illustrating a configuration
example of an encoding processing part of the video encoder
according to the second embodiment;

FIG. 15 is a block diagram illustrating a configuration
example of a QP prediction part of the video encoder
according to the second embodiment;

FIG. 16 is a flowchart illustrating an example of block

encoding processing in the video encoder according to the
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second embodiment; and
FIG. 17 is a block diagram illustrating a configuration
example of a video processing device according to a third

embodiment.

DETAILED DESCRIPTION

In the following, preferred embodiments will be
described with reference to the accompanying drawings.
Note that an image (picture) contained in a video may be
any one of a frame and a field. The frame is one of still
images of the video data, and the field is a still image
obtained by acquiring data in odd-numbered lines or
even-numbered lines from the frame.

Further, the video subjected to processing may be a
color video or a monochrome video.

First Embodiment

Configuration

FIG. 5 is a block diagram illustrating a configuration
example of a video decoder according to a first embodiment.
In the example illustrated in FIG. 5, a video decoder 10
includes a parallel decoding part 101, and a decoded pixel
storage part 105. The parallel decoding part 101 includes
a parallel entropy decoding part 102, a parallel QP
prediction part 103, and a parallel decoding processing
part 104.

Note that the video decoder 10 is configured to process
Nblock lines inparallel. Note also that the “block lines”
indicate arrays of blocks in a horizontal direction within
an image.

The respective components of the parallel decoding part
101 are configured to perform processing on an identical
block for each of the block lines. Further, a horizontal
position of a processing block in the (K - 1)th block line
is configured to precede a horizontal position of a
processingblock in the Kthblock 1ine by two or more blocks.

This may be because decoded information on the upper

block and the upper right block of the processing block
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may be available (accessible) by shifting two or more blocks
between the block lines even when the block lines are
decoded in parallel. When only the decoded information of
the upper block is accessed (utilized), the shifting amount
of the horizontal position between the block lines may be
one block. 1In the following, the “upper block” indicates
one block above the processing block, the “upper right
block” indicates a block on an immediate right side of the
block above the processing block.

The parallel decoding part 101 is configured to decode
an encoded stream obtained by encoding an image divided
into plural blocks of utilizing a video encoding system.
The parallel decodingpart 101 may decode the encoded stream,
for example, per unit of N block lines in parallel. Each
of the pixels decoded per block in each of the block lines
is output to the decoded pixel storage part 105. The pixels
that are decoded are called “decoded pixels”.

The parallel entropy decoding part 102 is configured
to divide the input stream into the block lines, and entropy
decode blocks of the stream contained in the block lines
in parallel. The parallel entropy decoding part 102
outputs the entropy decoded data to the parallel decoding
processing part 104.

The parallel QP prediction part 103 is configured to
compute the prediction value (QP prediction value) of the
quantization parameter (QP) of each of the blocks contained
in the corresponding one of theblock l1ines while performing
the computing processing on the blocks contained in the
block lines inparallel. The computed QP prediction values
are output to the parallel decoding processing part 104,

The parallel decoding processing part 104 is configured
to generate the decoded pixel corresponding to each of the
blocks contained in the corresponding one of the block lines
while generating the decoded pixels of the respective block
lines in parallel. Each of the decoded pixels is decoded
by utilizing data decoded by the parallel entropy decoding
part 102 and the QP prediction value computed by the
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parallel QP prediction part 103. The generated decoded
pixels are output to the decoded pixel storage part 105.

The decoded pixel storage part 105 is configured to
store the decoded pixels of the blocks output from the
parallel decoding part 101. The decoded pixels aggregated
per image unit may form an image (a picture). The decoded
pixel storage part 105 stores the decoded image output when
the decoding processing for one picture completes.

Parallel Decoding Part

Next, the parallel decoding part 101 is described. FIG.
6 is a block diagram illustrating configuration examples
of respective components of the parallel decoding part 101
in the video decoder according to the first embodiment.
In the example illustrated in FIG. 6, the parallel entropy
decoding part 102 includes a first entropy decoding part
221, a second entropy decoding part 222, and an Nth entropy
decoding part 223.

In the example illustrated in FIG. 6, the parallel QP
prediction part 103 includes a first QP prediction part
231, a second QP prediction part 232, and an Nth QP
prediction part 233. In the example illustrated in FIG.
6, the parallel decoding processing part 104 includes a
first decoding processing part 241, a second decoding
processing part 242, an Nth decoding processing part 243,
and a block information storage part 244.

Note that when L =1 to N, the Lth entropy decoding part,
the Lth QP prediction part, and the Lth decoding part are
configured to perform processing on the same one of the
block lines. 1In the following description, the Lth entropy
decoding part, the Lth QP prediction part, and the Lth
decoding part are generically called a “block line decoding
processing part”. For example, a block line decoding
processing part 201 includes a first entropy decoding part
221, a first QP prediction part 231, and a first decoding
processing part 241.

When the block line decoding processing part 201 has
processed the Kth block line, the block line decoding
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processing part 201 subsequently processes the (K + N)th
block line.

The parallel entropy decoding part 102 is configured
to divide the input stream into block lines. The entropy
decoding parts 221 to 223 entropy decode the block lines
divided from the stream in parallel per unit of N block
lines. The entropy decoding parts 221 to 223 are
configured to perform entropy decoding processing
corresponding to the entropy encoding processing in a video
encoder.

The decoding processing parts 241 to 243 are configured
to perform decoding processing in parallel. FIG. 7 is a
block diagram illustrating an example of the decoding
processing part in the video decoder according to the first
embodiment. Since the decodingprocessingparts 241 to 243
are configured to perform similar processing, the decoding
processing part 241 is used as an example of the decoding
processing parts in the following description.

The first decoding processing part 241 includes a QP
value restoration part 301, an inverse quantization part
302, an inverse orthogonal transformation part 303, a
motion vector restoration part 304, a prediction pixel
generating part 305, and a decoded pixel generating part
306.

The QP value restoration part 301 is configured to
restore the QP value utilizing a QP prediction value input
from the later-described first QP prediction part 231 and
a QP differential value input from the first entropy
decoding part 221 (e.g., see the aforementioned formula
(2)). The restored QP value is output to the inverse
quantization part 302.

The inverse gquantization part 302 is configured to
perform inverse quantization by multiplying the restored
QP value by an orthogonal transformation coefficient. The
inverse quantized orthogonal transformation coefficient
is output to the inverse orthogonal transformation part
303.
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The inverse orthogonal transformation part 303 is
configured to perform inverse orthogonal transformation
on the orthogonal transformation coefficient input from
the inverse quantization part 302 to generate a prediction
error pixel. The generated prediction error pixel is
output to the decoded pixel generating part 306.

The motion vector restoration part 304 is configured
to acquire from the block information storage part 244
motion vector information on a block peripheral to the
processing block to compute a prediction vector. The
motion vector restoration part 304 is configured to add
the prediction vector and the differential vector input
from the first entropy decoding part 221 to restore the
motion vector. The restoredmotion vector is output to the
prediction pixel generating part 305.

The prediction pixel generating part 305 is configured
to acquire pixel data of a reference picture indicated by
the motion vector from the decoded pixel storage part 105
that stores pictures decoded previously to generate a
prediction pixel. The generated prediction pixel is
output to the decoded pixel generating part 306.

The decoded pixel generating part 306 is configured to
add the prediction pixel input from the prediction pixel
generating part 305 and the prediction error pixel input
from the inverse orthogonal transformation part 303 to
generate a decoded pixel. The generated decoded pixel is
stored in the decoded pixel storage part 105.

Next, processing performed by each of the QP prediction
parts is described. Initially, available (accessible)
blocks utilized in the prediction processing performed by
each of the QP processing parts are described. FIG. 8 is
ablock diagramillustrating an example of available blocks
utilized in parallel QP prediction processing in a case
where N = 3. In the example illustrated in FIG. 8, when
N = 3 indicates N block lines, QP prediction processing
is performed on N block lines in parallel while delaying

the processing by two blocks in each of the N block lines.
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In this case, available blocks corresponding to the
processing block X are shaded blocks illustrated in FIG.
8. The shaded blocks in FIG. 8 indicate already processed
blocks when the processing block X is subjected to
processing; that is, the shaded blocks in FIG. 8 indicate
the available (accessible) blocks. In FIG. 8, the block
indicated by a thick frame depicts a block subjected to
processing (hereinafter also called a “processingblock”).
Fach of the QP prediction parts is configured to compute
the QP prediction value of the processingblock by referring
to the available blocks (already processedblocks). 1In the
following, the computation of the QP prediction value is
described further in detail.

FIG. 9 is a block diagram illustrating a configuration
example of the QP prediction part in the video decoder
according to the first embodiment. Since the QP prediction
parts 231 to 233 are configured to perform similar
processing, the first QP prediction part 231 is used as
an example of the QP prediction parts in the following
description.

In FIG. 9, the first QP prediction part 231 includes
an immediately preceding QP storage part 401, a QP selecting
part 402, and an upper QP acquisition part 403.

The immediately preceding QP storage part 401 is
configured to receive from the QP value restoration part
301 the QP wvalue of the block that has been processed
immediately before the current processing block, and store
the received QP wvalue. The QP value stored by the
immediately preceding QP storage part 401 is initialized
at the time of starting picture processing.

For example, the QP value stored by the immediately
preceding QP storage part 401 is initialized with a Slice
QP value encoded by Slice header information in a manner
similar to H. 264. The Slice is a unit of divided groups
of blocks associated with one picture.

The upper QP acquisition part 403 may, for example,

acquire a QP value of a block located above the processing
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block from the block information storage part 244.

The QP selecting part 402 is configured to select one
of the QP values output from the immediately preceding QP
storage part 401 and the upper QP acquisition part 403 to
output the selected QP value as the QP prediction value
to the QP value restoration part 301.

For example, when the processing block is a first one
(a head) of blocks in a block line, the QP selecting part
402 selects the QP wvalue output from the upper QP
acquisition part 403, whereas when the processing block
is any one of the blocks other than the first block in the
block line, the QP selecting part 402 selects the QP value
output from the immediately preceding QP storage part 401.
The QP selecting part 402 outputs the selected QP value
as the QP prediction value to the QP value restoration part
301.

Next, the prediction (selection) of the QP value in the
above example is described with reference to the
corresponding drawings. FIG. 10A is a diagram
illustrating an example of QP prediction processing in the
video decoder according to the first embodiment. 1In the
example illustrated in FIG. 10A, when the processing block
X represents a block subjected to processing, and the
processing block X is a first one (a head) of the blocks
in the block line, the QP selecting part 402 selects a QP
value of an upper block A.

FIG. 10B is a diagram illustrating another example of
QP prediction processing in the video decoder according
to the first embodiment. As illustrated in FIG. 10B, when
the processing block X is one of the blocks other than the
first block in the block line, the QP selecting part 402
selects a QP value of a block B that has been processed
immediately before the processing block X.

Note that the QP wvalue of the block close to the
processing block X is utilized as the QP prediction value
in this case. Accordingly, the prediction efficiency of

the QP value scarcely lowers compared to a case in which
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the QP value of the block that has been processed
immediately before the processing block X is selected
(utilized) in the raster order.

In the above example, the QP prediction wvalue is
generated by utilizing the QP value of the block that has
been processed immediately before the processing block X
when the processing block is other than the first block.
However, the QP value may be generated by other methods
when the QP value is predicted from a block adjacent to
the processing block.

Further, the processing of the QP selecting part 402
may be as follows. When the block line subjected to
processing is a second block line to the Nth block line,
the QP values stored by the immediately preceding QP storage
part 401 are the Slice QP values, each of which is determined
by a Slice unit. Accordingly, the prediction efficiency
may be relatively low when the Slice QP value is applied
as the QP prediction value of each of the blocks.

Thus, when the processing block is the first one of the
blocks in the second block line to Nth block line, the QP
selecting part 402 may select the QP value acquired by the
upper QP acquisition part 403, whereas when the processing
block is any one of the blocks other than the first block
in the second block line to Nth block 1ine, the QP selecting
part 402 may select the QP value retained by the immediately
preceding QP storage part 401.

Further, when the processing block is a first one of
blocks in a block line subsequent to the (N + 1)th block
line, the QP selecting part 402 may select the QP wvalue
retained by the immediately preceding QP storage part 401.
In this case, the QP value retained by the immediately
preceding QP storage part 401 corresponds to the QP value
of the last one (the last block) of the blocks in the block
line located N blocks above the processing block.

The Kth block line and the (K + N)th block line are
processed by the identical decoding processing part, the

identical QP prediction part, and the identical entropy
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decoding part. Therefore, the block that has been
processed immediately before the processing block in the
Kth block line corresponds to the last block of the (K -
N)th block line.

Further, when the processing block is the first one of
the blocks in the block line, the QP selecting part 402
may be configured to constantly select the QP value stored
in the immediately preceding QP storage part 401. Further,
when the processing block is the first one of the blocks
in one of the first block line to Nth block line, the QP
selecting part 402 may be configured to select the Slice
QP value as the QP prediction wvalue.

In this case, the QP wvalue of the last one (the last
block) of the blocks in the block line located N blocks
above the processing block may be selected as the QP
prediction value of the first block in the (N + 1)th block
line.

With the above configuration, the process of computing
the prediction values of the quantization parameters
corresponding to the block lines may be performed in
parallel.

Operation

Next, operations of the video decoder 10 according to
the first embodiment are described. FIG. 11 is a flowchart
illustrating an example of block decoding processing in
the first embodiment. Note that the block decoding
processing illustrated in FIG. 11 corresponds to decoding
processing performed on one block.

In step S101, each of the entropy decoding parts entropy
decodes encoded information such as the differential
motion vector, the QP differential value, and the quantized
orthogonal transformation coefficient of each of the
blocks. The entropy decoded information is output to the
decoding processing parts corresponding to the entropy
processed parts.

In step S102, the motion vector restoration part 304

acquires from the block information storage part 244 motion



13 Aug 2015

2015213341

10

15

20

25

30

35

24

vector information on a block peripheral to the processing
block to compute a prediction vector.

In step S103, the motion vector restoration part 304
adds the differential motion vector and the prediction
vector to restore the motion vector. The restored motion
vector information is stored in the block information
storage part 244.

In step S104, the prediction pixel generating part 305
acquires pixel data of a reference picture indicated by
the motion vector from the decoded pixel storage part 105
that stores pictures decoded previously to generate a
prediction pixel.

In step S105, each of the QP prediction parts generates
the QP prediction value of a corresponding one of the blocks
to input the generated QP prediction values into the QP
value restoration part 301.

In step S106, the QP value restoration part 301 restores
each of the QP values based on the corresponding input QP
prediction value and differential value. The QP values are
stored in theblock information storage part 244 while being
supplied to the inverse quantization part 302. When one
of the QP value of the block above the processing block
and the QP value of the processed block processed by the
block line decoding processing part 201 previously is
applied to the QP prediction value, there may be no need
for holding (delaying) the generation of the QP prediction
value. As a result, the efficiency of the parallel
processing may be improved.

In step S107, the inverse quantization part 302
multiplies the quantized orthogonal transformation
coefficient by the QP wvalue.

In step 5108, the inverse orthogonal transformation
part 303 performs inverse orthogonal transformation on the
quantized orthogonal transformation coefficient to
generate a prediction error pixel.

In step S109, the decoded pixel generating part 306 adds

the prediction error pixel and the prediction pixel to
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generate a decoded pixel.

In step S110, the decoded pixel storage part 105 stores
the decoded pixel. The aforementioned step is the end of
the decoding processing on the block (processing block),
which initiates the next decoding processing on the
subsequent block. When the decoding processing on all the
blocks contained in one picture are finished, the decoded
image stored in the decoded pixel storage part 105 may,
for example, be displayed on a display part such as a
display.

As described above, in the video decoder according to
the first embodiment, the computation of the QP prediction
values may be performed in parallel, which may improve the
efficiency of the parallel block line processing.

Second Embodiment

Next, a video encoder according to a second embodiment
is described. 1In the video encoder according to the second
embodiment, the QP prediction processing may be performed
in parallel per a unit of block lines, corresponding to
the video decoder according to the first embodiment.

Configuration

FIG. 12 is a block diagram illustrating a configuration
example of a video encoder 50 according to the second
embodiment. In the example illustrated in FIG. 12, the
video encoder 50 includes a parallel encoding part 501 and
a decoded pixel storage part 505. The parallel decoding
part 501 includes a parallel encoding processing part 502,
a parallel QP prediction part 503, and a parallel entropy
encoding part 504. Note that the video encoder 50 is
configured to process N block lines in parallel.

The respective components of the parallel encoding part
501 are configured to perform processing on an identical
block for each of the block lines. Further, a horizontal
position of a processing block of the (K - 1)th block line
is configured to precede a horizontal position of a
processingblock of the Kthblock 1ine by two or more blocks.

This may be because encoded information on the upper
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block and the upper right block of the processing block
may be available (accessible) by shifting two or more blocks
between the block lines even when the block lines are
encoded in parallel. When the information of the upper
block is accessed (utilized), the shifting amount of the
horizontal position between the block lines may be one
block.

The parallel encoding part 501 is configured to divide
an image into plural blocks, and encode the divided blocks
utilizing a video encoding system in, for example, N block
lines in parallel. The decoded pixel locally decoded by
the parallel encoding part 501 is stored in the decoded
pixel storage part 505.

The parallel encoding processing part 502 is configured
to generate the quantized orthogonal transformation
coefficient and the differential motion vector information
for each of blocks contained in the block lines while
processing the block lines in parallel. The generated
orthogonal transformation coefficients and differential
vector information (also called “encoding data”) are
output to the parallel entropy encoding part 504. The QP
value utilized for the gquantization is output to the
parallel QP prediction part 503.

The parallel QP prediction part 503 is configured to
compute the prediction value (QP prediction value) of the
quantization parameter (QP) of each of the blocks contained
in the corresponding block line while performing the
computing processing on the blocks contained in the block
lines in parallel. The computed QP prediction values are
output to the parallel entropy encoding part 504.

The parallel entropy encoding part 504 entropy encodes
each of the blocks contained in the corresponding block
line utilizing the quantized orthogonal transformation
coefficient, the QP differential wvalue that is the
difference between the QP value and the QP prediction value,
the differential motion vector information and the like

while performing entropy encoding processing on the blocks
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contained in the block lines in parallel. The stream
encoded by the parallel entropy encoding part 504 is output
to the video decoder 10, and the like.

The decoded pixel storage part 505 is configured to
store the decoded pixel obtained by locally decoding each
of the blocks output from the parallel encoding part 501.
The decoding locally may also be called “local decode”.

Parallel Encoding Part

Next, the parallel encoding part 501 is described. FIG.
13 is a block diagram illustrating configuration examples
of respective components of the parallel encoding part 501
in the video encoder according to the second embodiment.
In the example illustrated in FIG. 13, theparallel encoding
processing part 502 includes a first encoding processing
part 621, a second encoding processing part 622, an Nth
encoding processing part 623, and a block information
storage part 624.

In the example illustrated in FIG. 13, the parallel QP
prediction part 503 includes a first QP prediction part
631, a second QP prediction part 632, and an Nth QP
prediction part 633. In the example illustrated in FIG.
13, the parallel entropy encoding part 504 includes a first
entropy encoding part 641, a second entropy encoding part
642 and an Nth entropy encoding part 643.

Note that when L = 1 to N, the Lth encoding part, the
Lth QP prediction part, and the Lth entropy encoding part
are configured to perform processing on the same one of
the block lines. In the following description, the Lth
encoding part, the Lth QP prediction part, and the Lth
entropy encoding part are generically called a “block line
encoding processing part”.

For example, a block line encoding processing part 601
includes a first encoding part 621, a first QP prediction
part 631, and a first entropy encoding processing part 641.

When the block line encoding processing part 601 has
performed encoding processing on the Kth block line, the

block line encoding processing part 601 subsequently
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performs encoding processing on the (K + N)th block line.

The parallel entropy encoding part 502 is configured
to divide an input image into plural block lines. The
encoding processing parts 621 to 623 are configured to
perform encoding processing in parallel per unit of the
divided block lines of the image (e.g., N block lines in
this case). The encoding processing may be encoding
processing such as H.264 or HEVC.

FIG. 14 is a block diagram illustrating a configuration
example of the encoding processing part (e.g., the first
encoding processing part 621) in the video encoder
according to the second embodiment. Since the encoding
processing parts 621 to 623 are configured to perform
similar processing, the encoding processing part 621 is
used as an example of the encoding processing parts in the
following description.

The first encoding processing part 621 includes a
prediction differential part 701, an orthogonal
transformation part 702, a gquantization part 703, a QP
determination part 704, an inverse quantization part 705,
an inverse orthogonal transformation part 706, a decoded
pixel generating part 707, a motion detecting part 708,
a prediction signal generating part 709, and a differential
vector generating part 710.

The motion detecting part 708 is configured to acquire
pixel data of a reference picture from the decoded pixel
storage part 505 to detect a motion vector. The detected
motion vector information is stored in the block
information storage part 624 to be used for next encoding.

The prediction signal generating part 709 is configured
to acquire a reference pixel from the decoded pixel storage
part 505 to generate a prediction pixel signal based on
regional position information of the input reference image.
The generated prediction pixel signal is output to the
differential vector generating part 701.

The differential vector generating part 110 is

configured to generate a prediction vector. The
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prediction vector may be obtained as follows. Motion
vectors of blocks located on the left side, above, and on
the upper right side of the processing block are acquired
from the block information storage part 624, and a median
value of the three motion vectors may be determined as the
prediction vector.

As described in the above example, since the processing
block of each of the block lines is shifted by two blocks
in a horizontal direction from the processing block of the
preceding block line, encoding processing on the block
located above the processing block and the block located
on the upper right side of the processing block has already
been completed. Thus, the differential vector generating
part 710 may be able to acquire the motion vectors of the
peripheral blocks.

The differential vector generating part 710 is
configured to acquire the motion vector of the processing
block from the motion detecting part 708 to generate the
differential vector between the motion vector and the
prediction vector. The generated differential vector is
output to the first entropy encoding part 641.

The prediction differential part 701 is configured to
compute the difference between the original image and the
prediction pixel signals to generate prediction error
signals. The generated prediction error signals are
output to the orthogonal transformation part 702.

The orthogonal transformation part 702 is configured
to perform orthogonal transformation processing such as
discrete cosine transform(DCT) on the prediction error
signals. The obtained orthogonal transformation
coefficients are output to the quantization part 703.

The quantization part 703 is configured to quantize the
orthogonal transformation coefficients based on the
quantization parameter (QP). An example of the
quantization method includes dividing the orthogonal
coefficients by a value determined by the QP, and rounding

the obtained result to the nearest integer. The quantized
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orthogonal transformation coefficient ismultipliedby the
QP value to perform the inverse quantization. The rounding
processing may make the quantization irreversible
transformation. The quantized orthogonal transformation
coefficients are output to the first entropy encoding part
641.

The quantizationpart 703 is configured to generate flag
information as to whether the gquantized orthogonal
transformation coefficients are all “0” to output the
generated flag information together with the QP wvalues
utilized for the quantization to the QP determination part
704. The QP values are output to the inverse quantization
part 705 and the first QP prediction part 631.

The first QP prediction part 631 is configured to
generate the QP prediction value of the processing block.
The generated QP prediction value is output to the QP
determination part 704, and the first entropy encoding part
641.

When one of the QP value of the block above the
processing block and the QP value of the processed block
processed by the block line encoding processing part 601
associatedwith the first QP prediction part 631 previously
is applied to the QP prediction value, there may be no need
for holding (delaying) the generation of the QP prediction
value. As a result, the efficiency of the parallel
processing may be improved.

The QP determination part 704 is configured to determine
the QP of the processing block based on the QP value input
from the guantization part 703 and the prediction value.
When the orthogonal transformation coefficients are all
Y07, the QP differential information will not be entropy
encoded. Therefore, the QP values utilized by the
quantization part 703 will not be reported to the decoder
side. As a result, such QP values may be invalidated.

For example, the QP determination part 704 acquires the
flag information as to whether the quantized orthogonal

transformation coefficients generated by the quantization
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part 703 are all “0”. When the QP determination part 704
acquires the flag information indicating that the
orthogonal transformation coefficients are all “07”, the
QP determination part 704 sets the QP prediction value as
the QP value of the processing block. When the QP
determination part 704 acquires the flag information
indicating that none of the orthogonal transformation
coefficients are “0”, the QP determination part 704 sets
the QP value utilized by the quantization part 703 as the
QP value of the processing block. The QP value determined
by the QP determination part 704 is stored in the block
information storage part 624.

The inverse gquantization part 705 is configured to
perform inverse quantization processing on the quantized
orthogonal transformation coefficients. The inversely
quantized orthogonal coefficients are output to the
inverse orthogonal transformation part 706.

The inverse orthogonal transformation part 706 is
configured to perform inverse orthogonal transformation
on the quantized orthogonal transformation coefficients.
The inverse orthogonal transformation processed signals
are output to the decoded pixel generating part 707.

The decoded pixel generating part 707 is configured to
add the prediction pixel signal acquired from the
prediction signal generating part 709 to the inverse
orthogonal transformation processed signal so as to
generate a locally decoded pixel. The generated decoded
pixel is stored in the decoded pixel storage part 505.

Next, processing performed by each of the QP prediction
parts is described. FIG. 15 is a block diagram
illustrating a configuration example of a QP prediction
part in the video encoder according to the second embodiment.
Since the QP prediction parts 631 to 633 are configured
toperform similar processing, the first QP prediction part
631 is used as an example of the QP prediction parts in
the following description.

In FIG. 15, the first QP prediction part 631 includes



13 Aug 2015

2015213341

10

15

20

25

30

35

32

an immediately preceding QP storage part 801, a QP selecting
part 802, and an upper QP acquisition part 803.

The immediately preceding QP storage part 801 is
configured to receive from the QP determination part 704
the QP value of the block that has been processed
immediately before the current processing block, and store
the received QP wvalue. The QP values stored by the
immediately preceding QP storage part 801 are initialized
at the time of starting picture processing.

For example, the QP value stored by the immediately
preceding QP storage part 401 is initialized with a Slice
QP value encoded by Slice header information in a manner
similar to H. 264. The Slice is a unit of divided groups
of blocks associated with one picture.

The upper QP acquisition part 803 may acquire a QP value
of ablock located above the processing block from the block
information storage part 624.

The QP selecting part 802 is configured to select one
of the QP values output from the immediately preceding QP
storage part 801 and the upper QP acquisition part 803 to
output the selected QP value as the QP prediction value
to the QP determination part 704 or to the first entropy
encoding part 641.

For example, when the processing block is a first one
(a head) of blocks in a block line, the QP selecting part
802 selects the QP value output from the upper QP
acquisition part 803, whereas when the processing block
is any one of the blocks in the block line other than the
first block, the QP selecting part 802 selects the QP value
output from the immediately preceding QP storage part 801.
The QP selecting part 802 outputs the selected QP value
as the QP prediction value to the QP determination part
704 or to the first entropy encoding part 641.

The prediction (selection) of the QP value in the above
examples is illustrated in FIGS. 10A and 10B. In this case,
the QP value of the block close to the processing block

X isutilized as the QP prediction value. Accordingly, the
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prediction efficiency of the QP value scarcely lowers
compared to the case utilizing (selecting) the QP value
of the block immediately before the processing block X in
the raster order.

In the above example, the QP prediction wvalue is
generated by utilizing the QP value of the block that has
been processed immediately before the processing block X
when the processing block is other than the first block.
However, the QP value may be generated by other methods
when the QP value is predicted from a block adjacent to
the processing block.

Note that the processing of the QP selecting part 802
in the video encoder 50 according to the second embodiment
may be as follows in a manner similar to the video decoder
10 according to the first embodiment. When the block line
subjected to processing is the second block line to the
Nth block line, the QP values stored by the immediately
preceding QP storage part 801 are the Slice QP values, each
of which is determined by a Slice unit. Accordingly, the
prediction efficiency may be relatively low when the Slice
QP value 1s applied as the QP prediction value of each of
the blocks.

Thus, when the processing block is the first one of the
blocks in the second block line to Nth block line, the QP
selecting part 802 may select the QP value acquired by the
upper QP acquisition part 803, whereas when the processing
block is any one of the blocks other than the first block
in the second block line to Nth block 1ine, the QP selecting
part 802 may select the QP value retained by the immediately
preceding QP storage part 801.

Further, when the processing block is a first one of
blocks in a block line subsequent to the (N + 1)th block
line, the QP selecting part 802 may select the QP wvalue
retained by the immediately preceding QP storage part 801.
In this case, the QP value retained by the immediately
preceding QP storage part 801 corresponds to a QP value
of the last one (the last block) of the blocks in the block
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line located N blocks above the processing block.

The Kth block line and the (K + N)th block line are
processed by the identical decoding processing part, the
identical QP prediction part, and the identical entropy
decoding part. Therefore, the block that has been
processed immediately before the processing block in the
Kth block line corresponds to the last block of the (K -
N)th block line.

Further, when the processing block is a first one (a
head) of blocks in a block line, the QP selecting part 802
may be configured to constantly select a QP value stored
in the immediately preceding QP storage part 801. Further,
when the processing block is a first one of blocks in one
of the first block 1line to Nth block line, the QP selecting
part 802 may be configured to select the Slice QP wvalue
as the QP prediction value.

In this case, the QP value of the last one (the last
block) of the blocks in the block line located N blocks
above the processing block may be selected as the QP
prediction value of the first block in the (N + 1)th block
line.

Fach of the entropy encoding parts 641 to 643 entropy
encodes the differential motion vector, the QP
differential wvalue, the quantized orthogonal
transformation coefficient of each of the blocks for a
corresponding one of the block lines.

With the above configuration, the prediction values of
the quantization parameters corresponding to the block
lines may be performed in parallel.

Operation

Next, operations of the video encoder 50 according to
the second embodiment are described. FIG. 16 is a
flowchart illustrating an example of block encoding
processing in the second embodiment. Note that the block
encoding processing illustrated in FIG. 16 corresponds to
encoding processing performed on one block.

In step S201, a block subjected to processing (i.e.,
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a processing block) is input into each of the encoding
processing parts 621 to 623. The motion detecting part 708
is configured to acquire pixel data of a reference picture
from the decoded pixel storage part 505 to detect a motion
vector.

In step 5202, the differential vector generating part
710 generates a differential vector between the detected
motion vector and the generated prediction vector.

In step 5203, the motion detecting part 708 stores the
detected motion vector in the block information storage
part 624.

In step S204, the prediction signal generating part 709
acquires regional position information of the reference
image referred to by the motion vector detected by the
motion detecting part 708 to generate a prediction pixel
signal.

In step 5205, the differential vector generating part
701 acquires the difference between the prediction pixel
signal generated by the prediction signal generating part
709 and the input original pixel to generate a prediction
error signal.

In step 5206, the orthogonal transformation part 702
performs orthogonal transformation on the prediction error
signal to generate a orthogonal transformation
coefficient.

In step S207, the quantization part 703 quantizes the
orthogonal transformation coefficient based on the
quantization parameter (QP).

In step 5208, each of the QP prediction parts 631 to
633 generates a QP prediction value of the processingblock.
The QP prediction value may, for example, a QP value of
a block located above the processing block, or a QP value
of a block processed previously by the block line encoding
processing part 601 associated with the corresponding QP
prediction part.

In step S209, the QP determination part 704 determines

the QP value of the processing block as one of the QP value
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acquired from the quantization part 703 and the QP
prediction value acquired from the QP prediction part. The
determinationmethod of the QP value of the processingblock
is already described above.

In step S210, each of the entropy encoding parts encodes
the quantized orthogonal transformation coefficient, the
QP differential wvalue, and the differential wvector.

In step $211, the inverse gquantization part 705 and
inverse orthogonal transformation part 706 respectively
perform inverse quantization processing and inverse
orthogonal transformation processing quantizes on the
quantized orthogonal transformation coefficient to
generate a signal corresponding to the prediction error
signal.

In step S212, the decoded pixel generating part 707 adds
the prediction pixel signal acgquired from the prediction
signal generating part 709 and the signal acquired from
the inverse orthogonal transformation part 706 to generate
a locally decoded pixel.

In step S213, the decoded pixel storage part 505 stores
the generated decoded pixel. The aforementioned step is
the end of the encoding processing on the block (processing
block), which initiates the next encoding processing on
the subsequent block.

As described above, in the video encoder according to
the second embodiment, the computation of the QP prediction
values may be performed in parallel, which may improve the
efficiency of the parallel block line processing.

Third Embodiment

FIG. 17 is a block diagram illustrating a configuration
example of a video processing device according to a third
embodiment. A video processing device 90 according to the
third embodiment may be one example of the video encoder
or the video decoder described in the aforementioned
embodiments. As illustrated in FIG. 17, the video
processing device 90 includes a controller 901, a main

storage part 902, an auxiliary storage part 903, a drive
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device 904, a network IF part 906, an input part 207, and
a display part 908. The aforementioned parts are mutually
connected via a bus such that data is mutually transmitted
and received between these parts.

The controller 901 serves as a CPU that performs control
on each of devices or performs operation or processing of
data within a computer. The controller 2901 also serves as
an arithmetic unit capable of executing a computer program
stored in the main storage part 902, so that the controller
901 receives data from the input part 907 or a storage device,
performs operation or processing on the received data, and
outputs the resulting data to the display part 208 or the
storage device.

The main storage part 902 may be a storage device such
as a read-only memory (ROM) or a random access memory (RAM)
that permanently or temporarily stores programs or data
such as basic software of an operating system (0S) or
application software, which is executed by the controller
901.

The auxiliary storage part 903 may be a storage device
such as hard disk drive (HDD), which stores data associated
with the application software.

The drive device 904 is configured to retrieve the
programs from a recording medium 905 such as a flexible
disk or the like to install the retrieved programs in the
storage device.

Further, the recordingmedium 905 is configured to store
predetermined programs. The programs stored in the
recording medium 905 are installed in the video processing
device 90 via the drive device 904. Thus, the installed
predetermined programs may be readily executable by the
video processing device 90.

The network IF section 906 is an interface between the
video processing device 90 and peripheral devices having
communication functions connected via the networks such
as a local area network (LAN) and a wide area network (WAN)

composed of data transmission paths such as wired and/or
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wireless lines.

The input part 907 may include a keyboard having a cursor
key, anumeric key pad, and various functional keys, a mouse
or a slide pad for selecting keys displayed on a display
screen of the display part 908. The input part 207 is a
user interface for a user to assign operational
instructions or input data to the controller 901.

The display part 908 includes a liquid crystal display
(LCD) configured to display data corresponding to display
data input from the controller 901. Note that the display
part 908 may be externally provided, and the wvideo
processing device 90 may include a display controller in
such a case.

Thus, the video encoder or video decoder illustrated
in the above embodiments may be implemented as programs
(e.g., video encoding program or video decoding program)
executed by a computer. These programs may be installed
in the computer via a server or the like so as to cause
the computer to execute the programs, which may implement
the aforementioned video encoder or video decoder.

Further, such video encoding program or video decoding
program may be stored in the recording medium 205 so as
to cause a computer or a mobile terminal to retrieve these
programs stored in the recording medium 905 to implement
the aforementioned video encoding processing or video
decoding processing.

Note that the recording medium 905 may be various types
of a recording medium such as a CD-ROM, a flexible disk
and a magneto-optical disk on which information is
optically, electrically or magnetically recorded; or a
semiconductor memory such as a ROM or a flash memory on
which information is electrically recorded. ©Note that the
recording medium 2905 includes no carrier wave.

The programs executed in the video processing device
90 may have module configurations including the respective
parts illustrated in the aforementioned embodiments. In

the actual hardware, the controller 901 retrieves the
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programs from the auxiliary storage part 903 and executes
the retrieved programs. Consequently, one or more of the
parts are loaded on the main storage part 902 such that
the loaded parts may be generated in the main storage part
902.

Further, the video encoding processing or the wvideo
decoding processing illustrated in the above embodiments
may be implemented as one or more integrated circuits.

According to the disclosed technologies, the
computation of the QP prediction values may be performed
in parallel, which may improve the efficiency of the
parallel block line processing.

The disclosed technologies are described according to
the embodiments and modification; however, the disclosed
technologies are not limited to the disclosed embodiments.
Various modifications or alterations may be made within
the scope of the inventions described in the claims.
Further, combinations of all or part of the components of
aforementioned embodiments and modification may be
applied.

All examples and conditional language recited herein
are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such
specifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of superiorityor inferiority of the invention.
Although the embodiments of the present inventions have
been described in detail, it should be understood that the
various changes, substitutions, and alterations could be
made hereto without departing from the spirit and scope
of the invention.

This patent application is based upon, and claims the
benefit of priority of Japanese Patent Application No.
2012-010465 filed on January 20, 2012, the entire contents

of which are incorporated herein by reference.
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CLAIMS

1. A video decoder for decoding a stream encoded with a video encoding system, the
encoded stream being obtained by encoding an image of a plurality of divided blocks, the video
decoder comprising:

a parallel entropy decoding part configured to entropy decode the stream of the blocks
contained in block lines, the stream of the blocks in each of the block lines being entropy
decoded in parallel with the stream of the blocks in a corresponding one of the block lines, each
of the block lines indicating an array of the blocks;

a parallel QP prediction part configured to compute prediction values of quantization
parameters of the blocks contained in the block lines, the prediction values of the blocks in each
of the block lines being computed in parallel with the prediction values of the blocks in a
corresponding one of the block lines; and

a parallel decoding processing part configured to generate decoded pixels with respect to
the blocks contained in the block lines, the decoded pixels with respect to the blocks in each of
the block lines being generated in parallel with the decoded pixels with respect to the blocks in a
corresponding one of the block lines,

each of the decoded pixels being decoded by utilizing data decoded by the parallel
entropy decoding part and the prediction value computed by the parallel QP prediction
part,

wherein when prediction value computing processing is performed on N block lines in
parallel, where the N is a value of two or greater, the parallel QP prediction part performs the
prediction value computing processing such that a processing block in a (K-1)th block line,
which is processed in parallel with a processing block in a Kth block line, is ahead of the
processing block in the Kth block line by at least one block in a horizontal position,

wherein when the processing block in the Kth block line is at a beginning of the Kth
block line, the parallel QP prediction part initializes a quantization parameter of a block
processed immediately before the processing block in the Kth block line with a quantization
parameter defined for a slice to which the processing block in the Kth block line belongs, and
computes the prediction value of the processing block in the Kth block line based on the
initialized quantization parameter, and

wherein when the processing block in the Kth block line is at a position other than the
beginning of the Kth block line, the parallel QP prediction part computes the prediction value of
the processing block in' the Kth block line based on a quantization parameter of a block that has

already been processed in the Kth block line.

[11380046_2]
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2. A video decoding method executed by a video decoder for decoding a stream encoded
with a video encoding system, the encoded stream being obtained by encoding an image of a
plurality of divided blocks, the video decoding method comprising:

entropy decoding the stream of the blocks contained in block lines, the stream of the
blocks in each of the block lines being entropy decoded in parallel with the stream of the blocks
in a corresponding one of the block lines, each of the block lines indicating an array of the
blocks;

computing prediction values of quantization parameters of the blocks contained in the
block lines, the prediction values of the blocks in each of the block lines being computed in
parallel with the prediction values of the blocks in a corresponding one of the block lines; and

generating decoded pixels with respect to the blocks contained in the block lines, the
decoded pixels with respect to the blocks in each of the block lines being generated in parallel
with the decoded pixels with respect to the blocks in a corresponding one of the block lines, each
of the decoded pixels being decoded by utilizing the entropy decoded stream of the block and the
computed prediction values,

wherein when prediction value computing processing is performed on N block lines in
parallel, where the N is a value of two or greater, the prediction values are computed such that a
processing block in a (K-1)th block line, which is processed in parallel with a processing block
in a Kth block line, is ahead of the processing block in the Kth block line by at least one block in
a horizontal position,

wherein when the processing block in the Kth block line is at a beginning of the Kth
block line, a quantization parameter of a block processed immediately before the processing
block in the Kth block line is initialized with a quantization parameter defined for a slice to
which the processing block in the Kth block line belongs, and the prediction value of the
processing block in the Kth block line is computed based on the initialized quantization
parameter, and

wherein when the processing block in the Kth block line is at a position other than the
beginning of the Kth block line, the prediction value of the processing block in the Kth block
line 1s computed based on a quantization parameter of a block that has already been processed in

the Kth block line.

Fujitsu Limited
Patent Attorneys for the Applicant

Spruson & Ferguson

[11380046_2]
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