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(57) Abrégé/Abstract:
The problem of the conventional technology was to repeatedly encode the same information using many bits in encoding of buffer
description information about reference pictures to be used in video predictive encoding. A video predictive encoding device
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(57) Abrégé(suite)/Abstract(continued):

includes: input means to implement input of pictures constituting a video sequence; encoding means which conducts predictive
coding of a target picture using, as reference pictures, pictures having been encoded and then reconstructed in the past, to
generate compressed picture data; reconstruction means to decode the compressed picture data to reconstruct a reproduced
picture; picture storage means to store the reproduced picture as a reference picture for encoding of a subsequent picture; and
buffer management means to control the picture storage means, wherein the buffer management means controls the picture
storage means, (prior to predictive encoding of the target picture), on the basis of buffer description information BD[K] related to
reference pictures which are used in predictive encoding of the target picture, encodes the buffer description information BD[K] with
reference to buffer description information BD[m] for a picture different from the target picture, and adds encoded data thereof to
the compressed picture data.
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ABSTRACT

The problem of the conventional technology was to repeatedly
encode the same information using many bits in encoding of buffer
description information about reference pictures to be used in video
predictive encoding. A video predictive encoding device includes:
input means to implement input of pictures constituting a video
sequence; encoding means which conducts predictive coding of a target
picture using, as reference pictures, pictures having been encoded and
then reconstructed in the past, to generate compressed picture data;
reconstruction means to decode the compressed picture data to
reconstruct a reproduced picture; picture storage means to store the
reproduced picture as a reference picture for encoding of a subsequent
picture; and buffer management means to control the picture storage
means, wherein the buffer management means controls the picture
storage means, (prior to predictive encoding of the target picture), on
the basis of buffer description information BD[k] related to reference
pictures which are used in predictive encoding of the target picture,
encodes the buffer description information BD[k] with reference to
buffer description information BD[m] for a picture different from the
target picture, and adds encoded data thereof to the compressed picture
data.
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DESCRIPTION
TITLE OF THE INVENTION

MOTION VIDEO PREDICT CODING METHOD, MOTION VIDEO PREDICT CODING
DEVICE, MOTION VIDEO PREDICT CODING PROGRAM, MOTION VIDEO PREDICT
DECODING METHOD, MOTION VIDEO PREDICT DECODING DEVICE, AND
MOTION VIDEO PREDICT DECODING PROGRAM

This application is a divisional of Canadian Patent Application No. 2,972,448 which is a divisional
of Canadian National Phase Patent Application Serial No. 2,852,888 filed September 10, 2012.

Technical Field

[0001] The present invention relates to a video predictive encoding method, device and
program, and a video predictive decoding method, device and program, and more particularly,
to a description in a buffer for reference pictures to be used in inter-frame predictive

encoding.
Background Art

[0002] Compression coding technologies are used for efficient transmission and
storage of video data. The techniques defined in MPEG-1 to 4 and ITU (International

Telecommunication Union) H.261 to H.264 are commonly used for video data.

[0003] In these encoding techniques, a picture as an encoding target is divided into a
plurality of blocks and then an encoding process and a decoding process are carried
out on a block basis. Predictive encoding methods as described below are used in
order to improve encoding efficiency. In intra-frame predictive encoding, a predicted
signal is generated using a previously-reproduced neighboring picture signal (a
reconstructed signal reconstructed from picture data compressed in the past) present
in the same frame as a target block, and then a residual signal obtained by subtracting

the predicted signal from
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a signal of the target block is encoded. In inter-frame predictive
encoding, a displacement of signal is searched for with reference to a
previously-reproduced picture signal present in a frame different from a
target block, a predicted signal is generated with compensation for the
displacement, and a residl;al signal obtained by subtracting the
predicted signal from the signal of the target block is encoded. The
previously-reproduced picture used for reference for the motion search
and compensation is referred to as a reference picture.

[0004] In the inter-frame predictive encoding of H.264, the predicted
signal for the target block is selected by performing the motion search
with reference to a plurality of reference pictures having been encoded
and then reproduced in the past, and defining a picture signal with the
smallest error as an optimum predicted signal. A difference is
calculated between the pixel signal of the target block and this
optimum predicted signal and it is then subjected to a discrete cosine
transform, quantization, and entropy encoding. At the same time, also
encoded is information about the reference picture from which the
optimum predicted signal for the target block is derived (which will be
referred to as "reference index") and information about the region of
the reference picture from which the optimum predicted signal is
derived (which will be referred to as "motion vector"). In H.264,
reproduced pictures are stored as four to five reference pictures in a
frame memory or reproduced picture buffer (or decoded picture buffer,
which will also be referred to as "DPB™).

[0005] A general method for management of a plurality of reference

pictures is a technique of releasing, from the buffer, a region occupied

CA 3039176 2019-04-04
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by the oldest reference picture (i.e., a picture having been stored in the
buffer for the longest time) out of a plurality of reproduced pictures,
and storing a reproduced picture having been decoded last, as a
reference picture. On the other hand, Non Patent Literature 1 below
discloses a reference picture management method to flexibly prepare
optimum reference pictures for a target picture, in order to enhance
efficiency of inter-frame prediction.

[0006] According to Non Patent Literature 1, buffer description
information to describe a plurality of reference pictures to be stored in
the buffer is added to encoded data of each target picture, and it is then
encoded. Identifiers of the reference pictures necessary for processing
(encoding or decoding) of the target picture and subsequent pictures are
described in this buffer description information. In an encoding
device or a decoding device, the buffer is managed so that designated
reproduced pictures are stored in the buffer (frame memory), in
accordance with the buffer description information. On the other
hand, any reproduced picture not designated is deleted from the buffer.
[0007] The buffer description information about each target picture
may be sent by being added to the header of compressed data of each
target picture, or pieces of buffer description information about a
plurality of target pictures may be sent together as part of PPS (picture
parameter set) information carrying parameters of the decoding process
applied in common. Fig. 15 is a schematic diagram showing the
buffer description information described in a PPS.  Although the PPS
contains information other than the buffer description information, the

other information is omitted herein. Described in the PPS information
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1510 are the number 1511 of buffer descriptions (each of which will
also be referred to hereinafter as "BD"), and pieces of information
(1520, 1522, 1524) about the BDs as many as the number. Described
in the information about each BD (the k-th BD will be referred to as
BD{k]) are the number 1530 of reference pictures stored in the buffer,
and information (1531, 1532) to identify which reference picture is to
be stored. Information used to identify each reference picture is a
POC (picture output count) indicative of an order of output of the
picture to the outside. Described herein instead ‘of direct use of the
POC number is APOC,; (the j-th component in the k-th BD) which is a
difference between the POC number of the reference picture and the
POC number of the processing target picture. Also sent is D_IDy;,
which is indicative of dependence of the reference picture on other
pictures. The smaller the value of D_IDy;, the more pictures for
which reproduction is dependent on the reference picture; on the other
hand, the larger this value, the smaller the influence on other pictures.
If D_ IDy; of a reference picture is the largest value, the reference
picture is not needed for reproduction of other pictures and therefore
does not have to be stored as a reference picture. In summary, the
conventional technology is configured to send the buffer description
BD[k] in the form of the information of the value (#APOCy) indicative
of the number of reference pictures and {APOCy;, D _IDy;} for each of
the number of reference pictures, from the transmission side to the
reception side.

[0008] Fig. 16 shows a state of target pictures and reference pictures in
the buffer DPB in processing of the respective target pictures. A POC
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number to identify a picture is written in each cell. For example, row
1610 means that in processing (encoding or decoding) of a target
picture with POC=32, reference pictures with POC=18, 20, 22, and 24
are stored in the DPB. Fig. 17 shows the buffer description
information obtained by applying the conventional technology to Fig.
16. Each of cells under 1704 indicates a value of APOC,;.

Citation List

Non Patent Literature

[0009] Non Patent Literature 1: R?ckard Sjoberg, Jonatan Samuelsson,
"Absolute signaling of reference pictures," Joint Collaborative Team on
Video Coding, JCTVC-F493, Torino, 2011.

SUMMARY OF THE INVENTION

Technical Problem

[0010] In video encoding and decoding, it is common to make
reference to an identical picture by a plurality of target pictures. In
other words, the same reference picture can be used multiple times
(repeatedly). It is seen from Fig. 16 that the reference picture with
POC=32 enclosed in dashed line 1603 is referenced by the target
pictures with POC=28, 26, 30, 25, 27, 29, and 31. It is also seen from
the values in the respective cells under 1602 in Fig. 16 that the
reference pictures with POC=22, 24, 28, 26, and 30 are also used
multiple times.

[0011] In the buffer description information based on the conventional
technology, however, APOC,; is independently determined in each
BD[k], and for this reason, even for the same reference picture,

APOC,; thereof is described in each BD[k]; therefore, the same
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information must be repeatedly transmitted and received, in spite of it
being the same as previously transmitted and received information.
This will be explained using the example of Fig. 16 and Fig. 17. The
values in the respective cells enclosed in dashed line 1705 correspond
to the POC numbers of the respective cells enclosed in dashed line
1603 in Fig. 16. Although the values in dashed line 1603 all represent
the reference picture with POC=32, the values of APOC,; in dashed
line 1705 all are different. Since these values of APOCy; are largely
different, it is necessary to encode them using many bits. Therefore,
the conventional technology has a problem that the same information
has to be repeatedly transmitted and received using many bits, in order
to transmit the buffer description information.

Solution to Problem

[0012] In order to solve the above problem, a video predictive
encoding device according to the present invention is a video predictive
encoding device comprising: input means which implements input of a
plurality of pictures constituting a video sequence; encoding means
which conducts predictively coding of a target picture to generate
compressed picture data, using, as reference pictures, a plurality of
pictures which have been encoded and then decoded and reproduced in
the past; reconsu'uction means which decodes the compressed picture
data to reconstruct a reproduced picture; picture storage means which
stores at least one aforementioned reproduced picture as a reference
picture to be used for encoding of a subsequent picture; and buffer
management means which controls the picture storage means, wherein

(prior to processing of the target picture), the buffer management

" CA 3039176 2019-04-04
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means controls the picture storage means on the basis of buffer
description information BD[k] relating to a plurality of reference
pictures to be used in predictive encoding of the target picture and, at
the same time, the buffer management means encodes the buffer
description information BD[k], with reference to buffer description
information BD[m] for another picture different from the target picture,
and thereafter adds the encoded data thereof to the compressed picture
data.

[0013] Furthermore, a video predictive decoding device according to
the present invention is a video predictive decoding device comprising:
input means which implements input of compressed picture data for
each of a plurality of pictures constituting a video sequence, the
compressed picture data containing data resulting from predictive
coding using a plurality of reference pictures, which have been decoded
and reproduced in the past, and encoded data of buffer description
information BD[k] related to the plurality of reference pictures;
reconstruction means which decodes the compressed picture data to
reconstruct a reproduced picture; picture storage means which stores at
least one aforementioned reproduced picture as a reference picture to
be used for decoding of a subsequent picture; and buffer management
means which controls the picture storage means, wherein (prior to
reconstruction of the reproduced picture), the buffer management
means decodes the encoded data of the buffer description information
BDIk] for the reproduced picture, with reference to buffer description
information BD[m] for another picture different from the reproduced

picture, and then controls the picture storage means on the basis of the

CA 3039176 2019-04-04
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decoded buffer description information BD[k].

[0013a] According to one aspect of the present invention, there is provided a video predictive
decoding method executed by a video predictive decoding device, comprising: inputting (i) a
compressed form of picture data for reproduction of a target picture[k], the compressed form
of picture data resulting from execution of predictive coding on the target picture[k], using a
first set of reference pictures, and (ii) a compressed form of buffer description information
BDIk] that describes the first set of reference pictures used to predictively encode the target
picture[k], wherein the first set of reference pictures are described in the buffer description
information BD[k] with their identification numbers relative to identification numbers of a
second set of reference pictures described in buffer description information BD[m] which are
used to reproduce another target picture[m] different from the target picture[k]; decoding the
compressed form of picture data to reproduce the target picture[k]; and storing the
reproduced target picture[k] as a reference picture to be used for decoding of a subsequent
target picture, wherein decoding the compressed form of picture data to reproduce the target
picture[k] comprising: prior to reproducing the target picture[k], referencing the buffer
description information BD[m] to restore the identification numbers of the first set of
reference pictures described in the buffer description information BD[k]; restoring the first set
of reference pictures described in the buffer description information BD[k]; and reproducing
the target picture[k], using the restored first set of reference pictures described in the buffer
description information BD[k], wherein referencing the buffer description information BD[m]
to restore the identification numbers of the first set of reference pictures described in the
buffer description information BD[k] comprises: restoring an index m identifying the buffer
description information BD[m]; restoring a value of deltaBD representing a difference
between identification numbers of corresponding reference pictures described in the buffer
description information BD[m] and the buffer description information BD[k]; restoring a
plurality of flags ibd_flag[j] each adapted to take multiple values one of which is indicative of
both:

(a) whether or not an identification number of a j-th reference

picture described in the buffer description information BD[m] is used for

CA 3039176 2019-04-04
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restoration of an identification number of a reference picture described in the

buffer description information BD[k]; and

(b) whether or not the j-th reference picture described in the buffer
description information BD[m] is used for reproduction of the target picture[k],

and

restoring the identification numbers of the first set of the reference pictures described in the
buffer description information BD[k] using the restored index m, the restored value of
deltaBD and the restored flags ibd_flag[j], wherein, when the ibd_flag[j] takes a value that
indicates that an identification number of the j-th reference picture described in the buffer
description information BD[m] is used for restoring an identification number of a reference
picture described in the buffer description information BD[k], a deltaPOCJi] that is an
identification number of an i-th reference picture described in the buffer description
information BD[k] is derived by adding a value of the deltaBD to a value of deltaPOCJj] that
is an identification number of the j-th reference picture described in the buffer description
information BD[m], and wherein, when j is equal to a total number of reference pictures

described in the buffer description information BD[m], the deltaPOC[i] that is the

- identification number of the i-th reference picture described in the buffer description

information BD[K] is set to the restored value of deltaBD.

[0013b] According to another aspect of the present invention, there is provided a video
predictive decoding device configured to implement: inputting(i) a compressed form of
picture data for reproduction of a target picture[k], the compressed form of picture data
resulting from execution of predictive coding on the target picture[k] using a first set of
reference pictures, and (ii) a compressed form of buffer description information BD[k] that
describes the first set of reference pictures used to predictively encode the target picture[k],
wherein the first set of of reference pictures are described in the buffer description
information BD[k] with their identification numbers relative to identification numbers of a
second set of reference pictures described in buffer description information BD[m] whith are
used to reproduce another target picture[m] different from the target picture[k]; decoding the

compressed form of picture data to reproduce the target picturefk]; storing the reproduced
8a
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target picture[k] as a reference picture to be used for d‘ecoding of a subsequent target picture,
wherein decoding the compressed form of picture data to reproduce the target picture[k]
comprising: prior to reproducing the target picture[k], referencing the buffer description
information BD[m] to restore the identification numbers of the first set of reference pictures
described in the buffer description information BD[k]; restoring the first set of reference
pictures described in the buffer description information BD[k]; and reproducing the target
picture[k], using the restored first set of reference pictures described in the buffer description
information BD[k], wherein referencing the buffer description information BD[m] to restore
the identification numbers of the first set of reference pictures described in the buffer
description information BD[k] comprises: restoring an index m identifying the buffer
description information BD[m]; restoring a value of deltaBD representing a difference
between identification numbers of corresponding reference pictures in the buffer description
information BD[m] and the buffer description information BD[k]; restoring a plurality of flags

ibd_flag[j] each adapted to take multiple values one of which is indicative of both:

(a) whether or not an identification number of a j-th reference
picture described in the buffer description information BD[m] is used for
restoration of an identification number of a reference picture described in the

buffer description information BD[k]; and

(b) whether or not the j-th reference picture described in the buffer
description information BD[m] is used for reproduction of the target picture[k],

and

restoring the identification numbers of the first set of the reference pictures in the buffer
description information BD[k], using the restored index m, the restored value of deltaBD and
the restored flags ibd_flag[j], wherein, when the ibd_flag][j] takes a value that indicates that an
identification number of the j-th reference picture described in the buffer description
information BD[m] is used for restoration of an identification number of a reference picture
described in the buffer description information BD[k], a deltaPOC]i] that is an identification
number of an i-th reference picture described in the buffer description information BD[k] is

derived by adding a value of the deltaBD to a value of deltaPOC][j] that is an identification
8b
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number of the j-th reference picture described in the 1E)uffer description information BD[m],
and wherein, when j is equal to a total number of reference pictures described in the buffer
description information BD[m], the deltaPOC[i] that is the identification number of the i-th
reference picture described in the buffer description information BD[k] is set to the restored

value of deltaBD.

[0014] The encoding and decoding methods of the buffer description information according
to the present invention make use of the property of repeatedly using the same reference
picture in the predictive encoding and decoding processes for a plurality of pictures, so as to
use the correlation between pieces of buffer description information BD[k] used for different
pictures, in order to reduce redundant information, thereby achieving the effect of efficient
encoding of the buffer description information. In addition, the information specific to each
reference picture (dependence information) is the same as that of the referenced picture and
therefore the information can be inherited as it is, thereby achieving the advantage of no need

for encoding and decoding it again.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a block diagram showing a video predictive encoding device according to an

embodiment of the present invention.

Fig. 2 is a block diagram showing a video predictive decoding device according to an

embodiment of the present invention.

Fig. 3 is a flowchart showing a buffer management method in the video predictive

encoding device according to an embodiment of the present invention.

Fig. 4 is a flowchart showing a buffer management method in the video predictive

decoding device according to an embodiment of the present invention.

Fig. 5 is a table showing the buffer description information

8c
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generated by the buffer management method used in an embodiment of
the present invention.

Fig. 6 is a flowchart showing an encoding process of buffer
description information in the video predictive encoding device
according to an embodiment of the present invention.

Fig. 7 is a flowchart showing a decoding process of buffer
description information in the video predictive decoding device
according to an embodiment of the present invention.

Fig. 8 is a schematic diagram showing the buffer description
information described in a PPS generated by an embodiment of the
present invention.

Fig. 9 is another example showing a state of target pictures and
reference pictures in the buffer DPB in processing of the respective
target pictures.

Fig. 10 is a flowchart showing an encoding process of buffer
description information in the video predictive encoding device
according to an embodiment of the present invention concerning the
example of Fig 9.

Fig. 11 is a flowchart showing a decoding process of buffer
description information in the video predictive decoding device
according to an embodiment of the present invention conceming the
example of Fig 9.

Fig. 12 is a schematic diagram showing the buffer description
information described in a PPS generated by an embodiment of the
present invention concerning the example of Fig. 9.

Fig. 13 is a drawing showing a hardware configuration of a
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computer for executing a program recorded in a recording medium.

Fig. 14 is a perspective view of a computer for executing a
program stored in a recording medium.

Fig. 15 is a schematic diagram showing the buffer description
information described in a PPS by the conventional technology.

Fig. 16 is an example showing a state of target pictures and
reference pictures in the buffer DPB in processing of the respective
target pictures. |

Fig. 17 is a table showing the buffer description information
obtained from the example of Fig. 16, based on the conventional
technology.

Fig. 18 is a flowchart showing a process of directly encoding
POC numbers of the buffer description information in the video
predictive encoding device according to an embodiment of the present
invention.

Fig. 19 is a flowchart showing a process of directly decoding
POC numbers of the buffer description information in the video
predictive decoding device according to an embodiment of the present
invention.

Fig. 20 is a table showing the buffer description information
obtained from the example of Fig. 9, based on the conventional
technology.

Fig. 21 is a table showing the buffer description information
obtained from the example of Fig. 20, based on a buffer management
method used in an embodiment of the present invention.

Fig. 22 is a flowchart showing another implementation method

10
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different from the process of Fig. 6 about the encoding process of
buffer description information in the video predictive encoding device
according to an embodiment of the present invention.

Fig. 23 is a flowchart showing another implementation method
different from the process of Fig. 7 about the decoding process of
buffer description information in the video predictive decoding device
according to an embodiment of the present invention.

Fig. 24 is a schematic diagram showing the buffer description
information described in a PPS generated by the encoding process of
buffer description information by the embodiment of the present
invention based on Fig. 22.

Embodiments of the Invention

[0016] Embodiments of the present invention will be described below
using Figs. 1 to 24.

[0017] Fig. 1 is a block diagram showing a video predictive encoding
device 100 according to an embodiment of the present invention. As
shown in Fig. 1, the video predictive encoding device 100 is provided
with an input terminal 101, a block division unit 102, a predicted signal
generation unit 103, a frame memory (or buffer, which will also be
referred to as DPB) 104, a subtraction unit 105, a transform unit 106, a
quantization unit 107, an inverse quantization unit 108, an inverse
transform unit 109, an addition unit 110, an entropy encoding unit 111,
an output terminal 112, and a buffer management unit 114. The
subtraction unit 105, transform unit 106, and quantization unit 107
correspond to the "encoding means" described in the scope of claims.

The inverse quantization unit 108, inverse transform unit 109, and

11
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addition unit 110 correspond to the "reconstruction means" described in
the scope of claims.

[0018] Concerning the video predictive encoding device 100
configured as described above, the operation thereof will be described
below. A video signal consisting of a plurality of pictures is fed to the
input terminal 101. A picture of an encoding target is divided into a
plurality of regions by the block division unit 102. In the embodiment
according to the present invention, the térget picture is divided into
blocks each consisting of 8x8 pixéls, but it may be divided into blocks
of any size or shape other than the foregoing. A predicted signal is
then generated for a region as a target of an encoding process (which
will be referred to hereinafter as a target block). The embodiment
according to the present invention employs two types of prediction
methods, the inter-frame prediction and the intra-frame prediction.
[0019] In the inter-frame prediction, reproduced pictures having been
encoded and thereafter reconstructed in the past are used as reference
pictures and motion information to provide the predicted signal with
the smallest difference from the target block is determined from the
reference pictures. Depending upon situations, it is also allowable to
subdivide the target block into sub-regions and determine an
inter-frame prediction method for each of the sub-regions. In this
case, the most efficient division method for the entire target block and
motion information of each sub-region can be determined by various
division methods. In the embodiment according to the present
invention, the operation is carried out in the predicted signal generation

unit 103, the target block is fed via line L102, and the reference

12
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pictures are fed via L104. The reference pictures to be used herein are
a plurality of pictures which have been encoded and reconstructed in
the past. The details are the s;ame as in the method of H.264 which is
the conventional technology. The motion information and sub-region
division method determined as described above are fed via line L112 to
the entropy encoding unit 111 to be encoded thereby and then the
encoded data is dutput from the output terminal 112. Information
(reference index) indicative of which reference picture from among the
plurality of reference pictures the predicted signal is derived is also sent
via line 1112 to the entropy encoding unit 111. In the embodiment
according to the present invention, three to six reproduced pictures are
stored in the frame memory 104 to be used as reference pictures. The
predicted signal generation unit 103 derives reference picture signals
from the frame memory 104, based on the reference pictures and
motion information, which correspond to the sub-region division
method and each sub-region, and generates the predicted signal. The
inter-frame predicted signal generated in this manner is fed via line
L103 to the subtraction unit 105.

[0020] In the intra-frame prediction, an intra-frame predicted signal is
generated using previously-reproduced pixel values spatially adjacent
to the target block. Specifically, the predicted signal generation unit
103 derives previously-reproduced pixel signals in the same frame as
the target block from the frame memory 104 and extrapolates these
signals to generate the intra-frame predicted signal. The information
about the method of extrapolation is fed via line L.112 to the entropy
encoding unit 111 to be encoded thereby and then the encoded data is

13
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output from the output terminal 112. The intra-frame predicted signal
generated in this manner is fed to the subtraction unit 105. The
method of generating the intra-frame predicted signal in the predicted
signal generation unit 103 is the same as the method of H.264, which is
the conventional technology. The predicted signal with the smallest
difference is selected from the inter-frame predicted signal and the
intra-frame predicted signal obtained as described above, and the
selected predicted signal is fed to the subtraction unit 105.

[0021] The subtraction unit 105 subtracts the predicted signal (fed via
line 1.103) from the signal of the target block (fed via line L.102) to
generate a residual signal. This residual signal is transformed by a
discrete cosine transform by the transform unit 106 and the resulting
transform coefficients are quantized by the quantization unit 107.
Finally, the entropy encoding unit 111 encodes the quantized transform
coefficients and the encoded data is output along with the information
about the prediction method from the output terminal 112.

[0022] For the intra-frame prediction or the inter-frame prediction of
the subsequent target block, the compressed signal of the target block is
subjected to inverse processing to be reconstructed. Namely, the
quantized transform coefficients are inversely quantized by the inverse
quantization unit 108 and then transformed by an inverse discrete
cosine transform by the inverse transform unit 109, to reconstruct a
residual signal. The addition unit 110 adds the reconstructed residual
signal to the predicted signal fed via line L103 to reproduce a signal of
the target block and the reproduced signal is stored in the frame

memory 104. The present embodiment employs the transform unit
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106 and the inverse transform unit 109, but it is also possible to use
other transform processing instead of these transform units. In some
situations, the transform unit 106 and the inverse transform unit 109
may be omitted.

[0023] The frame memory 104 is a finite storage and it is impossible to
store all reproduced pictures. Only reproduced pictures to be used in
encoding of the subsequent picture are stored in the frame memory 104.
A unit to control this frame memory 104 is the buffer management unit
114. Input data which is received through an input terminal 113
includes: information indicative of an output order of each picture
(POC, picture output count), dependence information (dependency ID)
related to D_IDy; which is indicative of dependence on the picture in
predictive encoding of other pictures, and a type of encoding of the
picture (intra-frame predictive encoding or inter-frame predictive
encoding); and the buffer management unit 114 operates based on this
information. Buffer description information generated by the buffer
management unit 114 and the POC information of each picture is fed
via line 1114 to the entropy encoding unit 111 to be encoded thereby,
and the encoded data is output together with the compressed picture
data. The processing method of the buffer management unit 114
according to the present invention will be described later.

[0024] Next, a video predictive decoding method according to the
present invention will be described. Fig. 2 is a block diagram of a
video predictive decoding device 200 according to an embodiment of
the present invention. As shown in Fig. 2, the video predictive

decoding device 200 is provided with an input terminal 201, a data
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analysis unit 202, an inverse quantization unit 203, an inverse
transform unit 204, an addition unit 205, a predicted signal generation
unit 208, a frame memory 207, an output terminal 206, and a buffer
management unit 209. The inverse quantization unit 203 and the
inverse transform unit 204 correspond to the "reconstruction means"
described in claims. The reconstruction means may be means other
than the above. Furthermore, the inverse transform unit 204 may be
omitted.

[0025] Concerning the video predictive decoding device 200
configured as described above, the operation thereof will be described
below. Compressed data resulting from compression encoding by the
aforementioned method is input through the input terminal 201. This
compressed data contains the residual signal resulting from predictive
encoding of each target block obtained by division of a picture into a
plurality of blocks, and the information related to the generation of the
predicted signal. The information related to the generation of the
predicted signal includes the information about block division (size of
block), the motion information, and the aforementioned POC
information in the case of the inter-frame prediction, and includes the
information about the extrapolation method from
previously-reproduced surrounding pixels in the case of the intra-frame
prediction. The compressed data also contains the buffer description
information for control of the frame memory 207.

[0026] The data analysis unit 202 extracts the residual signal of the
target block, the information related to the generation of ‘the predicted

signal, the quantization parameter, and the POC information of the
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picture from the compressed data. The residual signal of the target
block is inversely quantized on the basis of the quantization parameter
(fed via line 1.202) by the inverse quantization unit 203. The result is
transformed by the inverse transform unit 204 using an inverse discrete
cosine transform.

[0027] Next, the information related to the generation of the predicted
signal is fed via line 1.206b to the predicted signal generation unit 208.
The predicted signal generation unit 208 accesses the frame memory
207, based on the information related to the generation of the predicted
signal, to derive a reference signal from a plurality of reference pictures
to generate a predicted signal. This predicted signal is fed via line
1.208 to the addition unit 205, the addition unit 205 adds this predicted
signal to the reconstructed residual signal to reproduce a target block
signal, and the signal is output via line L205 and simultaneously stored
into the frame memory 207. _

[0028] Reproduced pictures to be used for decoding and reproduction
of the subsequent picture are stored in the frame memory 207. The
buffer management unit 209 controls the frame memory 207. The
buffer management unit 209 operates based on the buffer description
information and the picture encoding type fed via line 1.206a. A
control method of the buffer management unit 209 according to the
present invention will be described later.

[0029] Next, the operations of the buffer management unit (114 in Fig.
1 and 209 in Fig. 2) will be described using Figs. 3 and 4. The buffer
management unit according to an embodiment of the present invention

manages the reference pictures stored in the frame memory (104, 207),
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in the following manner. Namely, the encoder side generates pieces
of buffer description information for respective target pictures together
and sends them as part of PPS (picture parameter set) information
carrying parameters of the decoding process applied in common. The
decoder side extracts from the PPS information the pieces of buffer
description information sent together, and performs the decoding and
reproduction processing after preparing reference pictures in the frame
memory, based on one piece of buffer description information
designated in compressed data of each target picture. Any reference
picture not described in the buffer description information is deleted
from the frame memory and cannot be used as a reference picture
thereafter.

[0030] Fig. 3 shows a method of encoding the buffer description
information in the buffer management unit 114 of the video predictive
encoding device 100 according to an embodiment of the present
invention, which is a method for encoding pieces of buffer description
information together for respective target pictures. In the present
specification, a buffer description is represented by BD (buffer
description) and BD[k] indicates information about the k-th BD. Fig.
8 shows a schematic diagram of the buffer description information
described in a PPS generated according to an embodiment of the
present invention.

[0031] In Fig. 3 step 310 is to set a counter k to zero. Step 320 is to
encode the total number of all BDs described in the PPS information.
This number corresponds to 811 in Fig. 8. Step 330 is to encode
information about BD[0] which is the first BD. 820 in Fig. 8 indicates
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the information of BD[0]. #APOC, (830) indicates the number of
components of BD[0], i.e., the number of reference pictures needed.
The information of BD[0] herein contains not only the reference
pictures needed for encoding and decoding of the target picture, but
also reference pictures that are not referenced in the processing for the
target picture but are referenced in the encoding and decoding
processing for subsequent pictures thereto, and, for this reason, the
number of such reference pictures is also counted in #APOC,.

[0032] Subsequently, information about the reference pictures to be
used (831, 832, ...) is described. In the present embodiment {APOC,;,
D IDg;} is described as the information about the reference pictureé.
The index i represents the i-th component of BD[0]. APOC,; is a
difference value between a POC number of the i-th reference picture
and a POC number of the target picture that uses BD[0], and D_IDy;
dependence information of the i-th reference picture.

[0033] The information about BD[k] except for BD[0] is predictively
encoded with reference to the buffer information BD[m] appearing
before it (step 360). The present embodiment employs m=k—1, but
reference can be made to any BD[m] as long as m < k. The
information contained in BD[k] where k > 0 is exemplified by 822 and
824 in Fig. 8. The contents described therein include the number of
components of BD[k] (which corresponds to the number of reference
pictures needed for the target picture and subsequent pictures) #APOCy
(833, 839), ABDx (834, 840), and, Aidx,; (835, 836, 837, 841, 842, 843,
844) or {Aidxy;, D_IDy;} (838). The details of these transmitted data
(syntaxes) will be described later. After every BD[k] is encoded, it is
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sent as part of the PPS information together with other compressed data.
In encoding each picture, the buffer management unit 114 prepares the
reference pictures in the frame memory 104, based on one piece of
buffer description information BD[k] designated via the input terminal
113 in Fig. 1, and then the encoding process is carried out. On the
receiver side, the buffer management unit 209 prepares the reference
pictures in the frame memory 207, based on the identifier k of the
buffer description added to the header of the compressed data of each
picture, and then the decoding process is carried out.

[0034] Fig. 4 is a flowchart showing a method of decoding the buffer
description information in the buffer management unit 209 of the video
predictive decoding device 200 according to an embodiment of the
present invention. The data analysis unit 202 extracts the data about
the buffer description information from the PPS information and feeds
the data to the buffer management unit 209. Step 420 is to first
decode tﬁe number of BDs. Step 430 is to decode the information
about BD[0] which is the first BD. The information about BD[k]
where k > 0 is predictively decoded with reference to the buffer
description BD[m] appearing before it (step 460). As described above,
the present embodiment employs m=k—1. The buffer description
information resulting from decoding of every BD[k] is stored in the
buffer management unit 209. In decoding each picture, the buffer
management unit 209 prepares the reference pictures in the frame
memory 207, based on one piece of buffer description information
BD[k] designated in the compressed data, and then the decoding and

reproduction processing is carried out.
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[0035] The buffer description (BD[k], k > 0) shown in Fig. 8 can be
sent efficiently. According to the present embodiment, using BDk]
as a target and BD[m] for the prediction of the target satisfies the
following conditions.

(a) At least some of the reference pictures described in BD[k] are those
already described in BD[m].

(b) N pictures which are newly encoded or decoded in addition to those
in (a) (above) are described as "additional reference pictures” in BD[k].
The number N herein is an integer of not less than 0.

Furthermore, more preferred modes satisfy the following conditions.
(c) m=(k—1); that is, the immediately previous BD in the buffer
description information is used for the prediction.

(d) The number of additional reference pictures described in above (b)
is only one (N=1). This one additional reference picture is preferably
a picture generated in the process using BD[m].

[0036] The above-described conditions will be described using Fig. 16.
Column 1601 in Fig. 16 represents the POC number of each target
picture as a target of the encoding or decoding process. The POC
numbers of respective target pictures are arranged in order from top, in
the order of the éncoding or decoding process. Namely, after the
picture with POC=32 is encoded or decoded, the picture with POC=28
is encoded or decoded. Furthermore, the POC numbers of reference
pictures (plural pictures) to be used in execution of the encoding or
decoding process of each target picture are described in respective cells
under column 1602.

[0037] The information about the reference pictures used for encoding
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or decoding/reproduction of the target picture (1610) with POC=32 is
encoded as BD[0] using the syntax of 820 in Fig. 8. In this case,
#APOCs=4 and the reference pictures with the POC numbers of 18, 20,
22, and 24 are encoded as APOCg;. The values of APOC,; are the
values in i=0,1,2,3 in row 1710 in Fig. 17, and each value is obtained
from a difference between the POC number of the reference picture and
the POC number of the target picture.

[0038] The information about the reference pictures described in rows
1611 to 1617 in Fig. 16 is encoded as BD[k]; k > 0, using the syntaxes
of 822, 824 in Fig. 8. Row 1611 corresponds to k=1 and indicates
information about the POC numbers of the reference pictures to be
used for the target picture with POC=28. The POC numbers (22, 24,
32) from this information are converted to difference values APOC,;;;.
The resulting values are given as values in i=0,1,2 in row 1711 in Fig.
17. In embodiments according to the present invention, these values
of APOC,; are predictively encoded with reference to APOCy; (the
values in i=0,1,2,3 inrow 1710).

[0039] The predictive encoding method of buffer description
information according to the present invention will be described. Let
BDIk] be the buffer description information as a target and BD[m] be
the buffer description information for the prediction of BD[k].
Furthermore, let POCcyrens be the POC number of the target picture
using the information of BD[k] and POCyicus be the POC number of
the target picture using the information of BD[m]. In addition, let
POC,; be the POC number of the i-th reference picture of BD[k] and
POCy,; be the POC number of the j-th reference picture of BD[m]. In
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this case the difference values APOCy; and APOC; are given as

follows. _
A&K)Cki=IK)Chy—I%)Cmumm (1)
AP OCmJ =P OCm,j - POCprevious (2)

APOC; is encoded using APOCy,; as a predictive value. Namely, the
following relation holds.
APOCy ; — APOCpj = (POCy; = POCourear) — (POChj — POCprevions)

= (POCy; — POCp;) + (POCprevious ~ POCeurent)

= (POCy; — POC,;) + ABDy 3
[0040] When the aforementioned condition (a) is satisfied, POCy; is in
BD[m] and, therefore, an identifier (or index) to APOC,; to make
(POC,; — POCy;) zero is encoded. In the present embodiment, the
identifier Aidxy; defined below is used.
Aidxy ; = offsety; — offsety i 4)
In this case, offset,; =j — i and offset,; = 0. Since ABDy defined in
above formula (3) is constant irrespective of the values of (3, j), it is
only necessary to describe ABDy defined below, once in BD[k].
ABDy = POCprevious ~ POCeurrent &)
[0041] On the other hand, there is a situation where APOC; to make
(POCy; — POCy;) zero, is absent in BD[m]. For example, the
component POC;, = 32 (cell 1620) in Fig. 16 is not present as a
reference picture in row 1610. In this case, the value of APOCy; may
be encoded as it is, but when the aforementioned condition (d) is
applied, APOCy; = ABDy and this value is already described in BD[k];
therefore, there is no need for encoding it again. The value of the

number of components of BD[m] (i.e., #APOCy,), or a value larger than
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the number of components of BD[m], is set as the value of j to indicate
that there is no identical POC number in BD[m]. A decoding method
of APOC,; using the value of j in future decoding will be described
later.

[0042] As for the dependence information D_IDj; which each
reference picture has, if the reference picture exists in BD[m] used for
the prediction, there is no need for encoding thereof because the
dependence information D IDy; is equal to D_IDgp; On the other
hand, if the reference picture does not exist in the BD[m] which is used
for the prediction, the dependence information D_IDy; is encoded.
[0043] The contents (syntaxes) of 822, 824 in Fig. 8 are configured
based on the above-described conception and the processes of block
360 in Fig. 3, and block 460 in Fig. 4, which will be explained based on
this conception.

[0044] Fig. 6 is a flowchart showing the encoding process of the buffer
description information (the process of block 360 in Fig. 3) in the video
predictive encoding device 100 according to an embodiment of the
present invention. This process corresponds to the encoding process
of BD[k] in the case of k > 0 in Fig. 8. Step 610 is to encode the
number of components of BD[k], i.e., to encode the number #APOCy of
reference pictures described. Then ABD is calculated (step 620) and
then it is encoded (step 630). Thereafter, the following process is
carried out for each component of BD[k]. Step 640 is to detect
whether there is APOC,; sharing the same reference picture with
APOC; (i.e, POCy; = POCyj) in BD[m] (m=k—1). When it is

determined in step 645 that it is present, the processing proceeds to step
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650 to determine and then encode the value of Aidxy; according to
above formula (4). When it is determined in step 645 that it is absent,
the processing proceeds to step 655.  Step 655 is to set the value of the
number (#APOC,,) of components of BD[m] in the value j. The set
value may be a value larger than it. Step 660 is to determine the value
of Aidx,; according to above formula (4) and then encode it. ~Step 670
is to encode the dependence information D_IDy; of the reference
picture. Each of the foregoing values is converted to a binary code
and then it is encoded by arithmetic coding, but any other entropy
encoding method may be applied. The above-described processing is
repeatedly carried out up to the last component of BD[k].

[0045] Fig. 5 shows the result obtained by processing the buffer
description information in the conventional technology shown in Fig.
17, by the aforementioned method according to the present invention.
Column 501 represents the identifier of each BD[k] and in the present
embodiment it is not explicitly encoded. Colummn 502 represents the
number of components of each BD[k] and column 504 data for
describing the reference pictures of BD[k]. Row 510 corresponds to
BD[0] and is encoded using the values of APOC;. Row 511 and
subsequent rows represent values of Aidx;. Column 505 represents
the identifier of each BD[m] used for the prediction, but since m=k—1
in the present embodiment, there is no need for encoding it. Column
506 represents ABDy. Each of entries in cells 520-523 corresponds to
a situation where there is no identical reference picture in BD[m] used
for the prediction and it is necessary to encode D_IDy;, in addition to

Aidxy ;; but illustration of the encoding of D_IDy; is omitted from Fig. 5.

25




10

15

20

25

FP11-0875-

Most of the values in the respective cells under 504 in Fig. 5 are "0"
and the values and dynamic range are smaller than those of the
information in the conventional technology shown in Fig. 17, thus
achieving the effect of efficient encoding.  The conventional
technology needs to encode D_IDy; of all components, whereas the
method according to the present invention encodes D_IDy; for only
limited components, so as to further reduce the bit count.

[0046] Fig. 7 is a flowchart showing the decoding process of the buffer
description information (the process of block 460 in Fig. 4) in the video
predictive decoding device 200 according to an embodiment of the
present invention. This process corresponds to the decoding process
of BD[k] in the case of k > 0 in Fig. 8. Step 710 is to decode the
number of components of BD[k], i.e., to decode the number #APOCy of
reference pictures described. Step 730 is to decode ABDy. The
below-described decoding processing is then carried out for each of the
components of BD[k]. Step 740 is to decode Aidxy; and then the
value of index j is determined using the following formula (step 745).

j =1 +Aidxy; + offsety i1, where offsety 1 =0 (6)

[0047] Using this index j, it is determined in step 750 whether APOC,;
as a reference value of APOCy; of a decoding target is present in
BD[m]. If j < the number (#APOC,) of components of BD[m],
APOC,,; is present; if j > (#APOC,,), APOCy,; is absent. When it is
determined in step 750 that it is present, the processing proceeds to step
760 to determine the value of APOCy;. The dependence information
D _IDy; is simply a copy of that of APOCp;. It should be noted herein

that there is no need for encoding of the dependence information
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D IDy; When it is determined in step 750 that it is absent, the
processing proceeds to step 765. In this step, the dependence
information D_IDy; is decoded and ABDy is substituted for the value of
APOCy; in step 770. The above processing is repeatedly carried out
up to the last component of BD[k].

[0048] As described above, the encoding and decoding methods of
buffer description information according to the present invention make
use of the property of repetitive use of reference pictures and make use
of the correlation between pieces of buffer description information

BDJk] used for different pictures, to compact or eliminate redundant

information, thereby achieving the efficient encoding of buffer

description information.

[0049] As shown in Fig. 16, the information about the buffer is
arranged in the séquence of encoding and decoding of target pictures.
For this reason, the aforementioned conditions (a) to (d) are met and
the above-described embodiment allows the buffer description
information to be encoded by the most efficient method. On the other
hand, the order of buffer descriptions is arbitrary, and each BD[k] may
be described in an order different from that shown in Fig. 16. The
below will describe a more versatile embodiment according to the
present invention corresponding to this case.

[0050] In Fig. 9 the buffer information is described in an order slightly
different from that in Fig. 16. The difference from Fig. 16 is that the
buffer information about POC=25 (913) is described prior to POC=30
(914). However, the reference pictures used are the same as in the

case of Fig. 16. In this example, the target picture with POC=25
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(913) uses the reference pictures with POC=22, 24, 32, 28, 26, and 30,
and the target picture with POC=26 (912) located imﬁediately above it
uses the reference pictures with POC=22, 24, 32, and 28. If the buffer
description information BD[m] in row 912 is used for the prediction of
the buffer description information BD[k] in row 913, the component
with POC=30 (963) belonging to BD[k] is absent in BD[m] and thus is
not generated by use of BD[m]. Namely, when the aforementioned
condition (c) (m=k—1) is used, the aforementioned condition (d) is not
satisfied.

[0051] In order to solve this problem, the aforementioned condition (c)
is relieved so as to allow free selection of BD[m] and, in turn, an index
m to identify BD[m] used for the prediction is encoded. In that case,
when the buffer description information in row 914 is used as BD[m]
for the prediction of the buffer description information BD[K] in row
913, Fig. 6 and Fig. 7 can be applied as they are (provided that
encoding and decoding of the index m are added).

[0052] As another method, it is also possible to adopt a method of
encoding the POC number APOCy; in aforementioned formula (1) as it
is, for an additional reference picture absent in BD[m] used for the
prediction, or, to adopt a method of encoding a difference between
APOCy; and ABDy as IBDRy;;.

IBDRy; = APOCy; — ABDy (7

[0053] When the above formula (7) is expanded, it is equal to (POC;
—~ POCprevions)- Fig. 12 shows a schematic diagram of the buffer
description information described in a PPS created by the

aforementioned more versatile embodiment according to the present
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invention. In Fig, 12 numeral 1211 is the same as 811 in Fig. 8 and
numeral 1220 the same as 820. BD[k] in the case of k > 1 is
transmitted in the syntax represented by 1222 or 1224. The syntax in
this case is composed of the number of components of BD[k] (which is
the number of reference pictures necessary for the target picture and
subsequent pictures) #APOCy (1233, 1240), the identifier my (1234,
1241) of the buffer description information used for the prediction,
ABDy (1235, 1242), and, Aidxy; (1236, 1237, 1243, 1244) or {Aidx;
D _IDy;, IBDRy;} (1238, 1239, 1245, 1246).

[0054] The buffer description information shown in Fig. 12 is encoded
and decoded as follows. Fig. 10 is a flowchart showing the more
versatile encoding process of buffer description information (the
process of block 360 in Fig. 3) in the video predictive encoding device
100 according to an embodiment of the present invention. This
process corresponds to the encoding process of BD[k] in the case of k
> 0 in Fig. 12. Step 1010 is to encode the number of components of
BD[k], i.e., to encode the number #APOC; of reference pictures
described. The next step is to determine the buffer description
information BD[m] for reference used in the prediction, to specify the
identifier my thereof, and, at the same time, to calculate ABDy (step
1020). Step 1030 is to encode my and ABDy. Then the following
processing is carried out for each of the components of BD[k]. Step
1040 is to detect whether APOC,; is“ sharing the same reference picture
with APOCy; (i.e., POCyj = POCy;) is present in BD[my]. When it is
determined in step 1045 that it is present, the processing proceeds to

step 1050 to determine the value of Aidxy; according to the
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aforementioned formula (4) and then encode it. When it is
determined in step 1045 that it is absent, the processing proceeds to
step 1055. Step 1055 is to set a value not less than the value of the
number (#APOC,) of components of BD[m], in the index j. In this
case, a value not yet used for the setting is set as the value of the index
j, in order to adapt for a possibility of presencé of one or more
additional reference pictures (absent in BD[m]). Step 1060 is to
determine the value of Aidx,; according to the aforementioned formula
(4) and then encode it. Step 1070 is to determine the value of IBDRy;
according to the aforementioned formula (7) and then encode it
together with the dependence information D_IDy; of the reference
picture. Each of the foregoing values is converted to a binary code
and encoded by arithmetic coding, but any other entropy encoding
method may be applied. The above processing is repeatedly carried
out up to the last component of BD[k].

[0055] Fig. 21 shows the result of the processing obtained by
converting the buffer description information of Fig. 9 into APOC;
shown in Fig. 20 and then processing it by the above-described more
versatile method. Column 941 represents the identifier of each BD[k].
Column 942 represents the number of components of each BD[k] and
column 944 the data for description of the reference pictures of BD[k].
Row 950 corresponds to BD[0] and is encoded by the values of
APOCy;. Row 951 and subsequent rows are encoded by Aidxy; or
{Aidxy;, D _IDy;, IBDRy;} (D_IDy; is omitted in Fig. 21). Column
945 represents the identifier my of BD[m] used for the prediction.
Column 946 represents ABDy. Each of entries in cells 980-983
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corresponds to a situation where there is no identical reference picture
in BD[m] used in the prediction and where {Aidxy;, D_IDy;, IBDRy;}
is encoded. Most of the values in the respective cells under 944 in Fig.
21 are "0" and the values and dynamic range are smaller than those of
the information in the conventional techmology of Fig. 20, thus
achieving the effect of efficient encoding.

[0056] Fig. 11 is a flowchart showing the more versatile decoding
process of buffer description information (the process of block 460 in
Fig. 4) in the video predictive decoding device 200 according to an
embodiment of the present invention. This(process corresponds to the
decoding process of BD[K] in the case of k > 0 in Fig. 12. Step 1110
is to decode the number of components of BD[k], i.e., to decode the
number #APOC of reference pictures described. Step 1130 is to
decode my and ABD;. Then the following decoding processing is
carried out for each of the components of BD[k]. Step 1140 is to
decode Aidx,; and then the value of index j is determined using the
aforementioned formula (6) (step 1145).

[0057] Using this index j, it is determined in step 1150 whether
APQOC,,; as a reference value of APOCy; of a decoding target is present
in BD[m]. In this example, if j < the number (#APOC,) of
components of BD[m], APOC,,; is present; if j = (#APOCy,), APOCy;
is absent. When it is determined in step 1150 that it is present, the
processing proceeds to step 1160 to determine the value of APOC;.
The dependence information D_IDy; can be simply a copy of that
owned by APOC,;. When it is determined in step 1150 that it is
absent, the processing proceeds to step 1165. In this step, IBDRy;; and
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the dependence information D_IDy; are decoded and the value of
APOC; is calculated in step 1170. The foregoing processing is
repeatedly carried out up to the last component of BD[K].

[0058] As described above, the encoding and decoding methods of
buffer description information according to the present invention make
use of the property of repetitive use of reference pictures and make use
of the correiatidn between pieces of buffer description information
BD[k] used for different pictures, so as to compact redundant
information, thereby enabling the efficient encoding of buffer
description information. In addition, there is the effect of efficient
encoding even in the case where cross reference to buffer description
information is freely made.

[0059] The encoding processes of Fig. 6 and Fig. 10 or the decoding
processes of Fig. 7 and Fig. 11 were described separately, but these two
embodiments may be used in combination. In the decoding processes,
the steps 765, 770 in Fig. 7 are different from the steps 1165, 1170 in
Fig. 11, but when they are used in combination, it is only necessary to
add information (1 bit) for identification of these processes and encode
it.

[0060] Since the values of Aidxy; all are zero as seen in rows 512, 513,
514, and 517 in Fig. 5, those values can be represented by one signal
(flag), instead of individually encoding them.

[0061] In the above embodiments, the POC number of each reference
picture described in the buffer description information is converted into
APOC,; and then the buffer description information by the present

invention is encoded and decoded, but the method according to the
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present invention may be applied to the POC number itself. Namely,
when the POC number in the buffer description information BD[k] as a
target is present in BD[m] used for the prediction, Aidxy; indicating the
POC number is encoded. When the desired POC number is absent in
BD[m], APOC;; obtained by the aforementioned formula (1) is
encoded as IBDRy;. Formula (7) may be used instead of the
aforementioned formula (1). In this case the process of block 360 in
Fig. 3 is as shown in Fig. 18 and the process of block 460 in Fig. 4 is as
shown in Fig. 19. Fig. 18 is much the same as the processing of Fig.
10, and Fig. 19 much the same as the processing of Fig. 11; Fig. 18 and
Fig. 19 employ step numbers with "S" attached to the step numbers of
the corresponding process steps in Fig. 10 and Fig. 11. It is, however,
noted that the processing is carried out for POC instead of APOC. In
this case ABD is zero and thus it does not have to be encoded and
decoded. Then, if m=(k—1) is fixed (i.e., in the case of the prediction
from immediately previous BD[m]), my does not have to be encoded or
decoded, either.

[0062] In the above embodiments, when bdy; represents the i-th
component of the buffer description BD[K] as a target and bdy; a
component of BD[m] used for the prediction, Aidxy; can be considered
to be a relative position (index or address) of bdy; from bdy;. Namely,
supposing that bdy; and bdp; are information storage places, their POC
numbers may be stored in the information storage places or values of
APOC may be stored therein. In this case, Aidxy; is treated as a
relative position between the information storage places (provided that

their contents include the POC numbers used in common). In other
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words, the buffer description according to the present invention is a
description of the positional relationship between the information
storage place for storage of the buffer information of the target picture
and the information storage place for storage of the buffer information
as a reference for the target picture and provides a switching method
for reproduction methods of the contents of bdy; by comparing the
position (j) of the designated information storage place with the
number (FAPOC,, or #POC,,) of information storage places containing
their contents.

[0063] Another embodiment as described below is also applicable to
the encoding and decoding methods of buffer description information
according to the present invention. The present embodiment is based
on the aforementioned conditions (c) and (d), similar to the
embodiment shown in Fig. 6 and Fig. 7. Namely, the buffer
description information BD[m] is used for the prediction of the buffer
description information BD[k] as a target, and the BD immediately
previous to BD[k] is used as BD[m]. That is, m=(k-1). There is
only one additional reference picture in BD[k] and this additional
reference picture is generated in the case of BD[m] being used.

[0064] Under these conditions, the present embodiment is one wherein
it is determined in encoding the information of the buffer description
BD[k] as a target, whether APOC,,; in BD[m], which is used for the
prediction shares an identical reference picture with APOCy;, which is a
component of BD[k] (i.e., POCy; = POCy;) is "present or not".
Therefore, the aforementioned embodiment employed the "relative

osition Aidxy;" whereas the present embodiment employs a fla
P k, P pioy g
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simply indicative of "present or not." This flag is described as
ibd_flagy; herein. When the flag ibd_flagy; indicates "present," the
j-th picture already stored in the buffer is continuously used as a
reference picture. On the other hand, when the flag ibd flag;
indicates "not," another designated picture is stored as a new reference
picture (additional reference picture) into the buffer.

[0065] Under the conditions (¢) and (d), the number of BD[k] is at
most one larger than the number of BD[m]; i.e., the relation of #APOCy
= #APOC, + 1 is always met, and therefore there is no need for
transmission of #APOC,. For this reason, the present embodiment can
further reduce the bit count.

[0066] Figs. 22 shows the encoding process of buffer description
information according to the present embodiment based on the above
concept. This process applies to the process of step 360 in Fig. 3.
Step 2210 is to derive information about the number of APOCy and the
number of APOC,, which are used for a subsequent determination.
Step 2220 is to obtain ABDy given by formula (5) and encode ABDx.
Namely, ABD; is obtained as a difference between the POC number
POC et OF the target picture using the information of BD[K] and the
POC number POCpryious 0f the picture using the information of BD[m]
used for the prediction of BD[k]. Step 2230 is to initialize the counter
i of BD[k] and the counter j of BD[m] to zero.

[0067] Next, steps 2240 to 2265 are to check the components of
BD[m] as many as the number of APOC,,. Specifically, when the
condition of step 2245 is satisfied, the processing proceeds to step
2250; otherwise, the processing proceeds to step 2260. Specifically,

35




10

15

20

25

CA 3039176 2019-04-04

FP11-0873-"

the condition of step 2245 is given by formula (3) and corresponds to
the case of (POCy; = POCy;). Step 2250 is to encode ibd_flagy; of 1
for indicating that the condition is met, or "present." At the same time,
the counter i of BD[K] is given an increment. On the other hand, step
2260 is to encode ibd_flagy; of 0 for indicating that the condition is
"not" met. Step 2265 is to give the count j an increment, for checking
the next BD[m].

[0068] When the condition of step 2240 is not satisfied, i.e., when the
check is completed for all the components of BD[m], the processing
proceeds to step 2270. This step is to compare the number of APOCy
with the counter i of buffer description information BD[k] as a target.
Since the counter i of BD[K] starts counting from 0, its maximum is
(the number of APOCy — 1). If the condition of (i = the number of
APOC)) is satisfied in step 2270, the counter i exceeds the number of
components of BD[k] and ibd_flagy; is set to 0 to be encoded, followed
by end of processing. On the other hand, if the condition of (i = the
number of APOCy) is not satisfied in step 2270, it is meant thereby that
an additional reference picture absent in BD[m] is stored into the buffer.
For encoding information about it, step 2290 is to encode ibd_flag,; of
1 and step 2295 is to encode the dependence information D_IDy; of the
additional reference picture. Since the value of APOCy; of the
additional reference picture is ABDy as described with Fig. 6, it does
not have to be encoded.

[0069] Fig. 24 shows a data arrangement of buffer description
information described in a PPS generated as described above. Fig. 24

is similar to Fig. 8. "The number of BDs" indicated by 2411 is the
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same as 811 in Fig. 8, the information 2420 about BD[0] being the first
BD is the same as 820 in Fig. 8, and they are generated in step 320 and
step 330, respectively, in Fig. 3.

[0070] The information contained in BD[k] in the case of k > 0 is
exemplified by 2422 and 2424 in Fig. 24. The contents described
therein are ABDy (2434, 2440) and, ibd_flag,; (2435, 2436, 2437, 2441,
2442, 2443, 2444) or {ibd_flagy;, D_IDy;} (2438). This data structure
(syntax) is similar to Fig. 8 and it is noted that #APOC; (833, 839)
representing the number of BD[k] in the case of k > 0 is not needed.
ibd_flag,; takes a value of 1 or 0. Since the information about the
number of BD[k] does not have to be encoded, there is an effect of
permitting the buffer description information to be expressed by a
smaller bit count.

[0071] Fig. 23 shows another implementation method of the decoding
prbcess of buffer description information according to the present
embodiment. Step 2310 is to derive the number (#APOC,,) of APOC,,
being the components of BD[m] used for the prediction. The number
(#APOC,) of APOC,, is obtained by counting the number of
components while reconstructing BD[m]. Step 2320 is to initialize
the counter i of BD[k] and the counter j of BD[m] to zero. Step 2330
is to decode the value of ABDy described in the buffer information.
Subsequently, ibd flagy; is decoded as many times as the number
(#APOC,, + 1) (under control by step 2345). The processes of step
2345 and subsequent steps are carried out based on the decoded values
of ibd_flagy;. ,

[0072] Step 2345 is to judge the counter j of BD[m]. Before the
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counter j reaches the number of APOC,, whether APOC; is to be
reconstructed using APOC,,; is determined, based on the value of
ibd_flag,; (1 or 0) (step 2350). When the value of ibd_flagy; is 1, step
2355 is carried out to add ABDy to APOCy,; to generate APOCy;. In
this case, APOCy; and APOCy; share the same reference picture
(POCpj = POCy;), and therefore the dependence information D_IDy;
can be simply a copy of the dependence information D_IDy,; related to
APOCy;. Next, the counter i of BD[k] is given an increment and then
a determination on the next component of BD[m] is made.

[0073] After the check is completed up to the last component of
BD[m] (or when step 2345 results in NO), the value of last ibd_flagy; is
judged (step 2370). When ibd flagy; = 0, it is meant thereby that
there is no additional reference picture, and the flow goes to
below-described step 2390, without any processing. On the other
hand, in the case of ibd_flag,; = 1, it is meant thereby that there is an
additional reference picture (which is absent in BD[m]), and then step
2375 is carried out to reconstruct the dependence information D_IDy;.
Step 2380 uses ABDy as the POC number of the additional reference
picture (because the condition (d) is applied). Furthermore, the
counter i of BD[K] is given an increment. Finally, the value counted

by the counter i is stored as the number of BD[k] (step 2390). This

‘number of BD[k] is used for generation of each component of BD[k+1]

(in step 2310).
[0074] The processing methods of Fig. 22 and Fig. 23 are the
implementation methods where there is only one additional reference

picture in BD[k], and in the case where there are N additional reference
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pictures, the value of N can be transmitted and received as part of the
information of BD[k]. In this case, the POC numbers of the
additional reference pictures are encoded and decoded using IBDRy;.
Specifically, step 2295 in Fig. 22 can be configured to perform the
same process as step 1070 in Fig. 10, step 2375 in Fig. 23 can be
configured to perform the same process as step 1165 in Fig. 11, and
step 2380 in Fig. 23 can be configured to perform the same process as
step 1170 in Fig. 11.

[0075] In the above example the values of ibd_flag; are expressed by
one bit (1 or 0), but they may be expressed by two or more bits. In
this case, the additional bit or bits may be used to determine whether
the other information (D IDy; IBDRy; or other information) is
explicitly encoded.

[0076] Furthermore, the additional bit may be used to indicate an
application range of the reference pictures associated with APOCy; (i.e.,
the reference pictures having the POC numbers of POCy; given in
formula (1)). Specifically, when ibd _flagy; is "1," APOCy; is
reconstructed using APOC,; and, at the same time, the reference
picture associated with APOCy; is applied to the picture as a current
processing target (current picture) and a future picture subsequent
thereto (a future picture or future pictures). When ibd flag; is "01,"
APOCy; is reconstructed using APOCy; and, at the same time, the
reference picture associated with APOCy; is not applied to the picture
as a current processing target (current picture) but is applied to only a
future picture subsequent thereto (a future picture or future pictures).
Furthermore, when ibd flagc; is "00," APOCy; is not used for
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reconstruction of APOC,;.

[0077] In the above embodiments the processing is carried out for
APOCy; described in the buffer description information, but the
processing may be carried out for the POC number itself owned by
each reference picture.

[0078] The buffer description information wés described in all the
above embodiments. Since the buffer description information is also
descriptions about a plurality of reference pictures used for encoding
and decoding of the target picture, the foregoing embodiments may
also be used as methods for management of reference picture lists.
[0079] The above embodiments explained the cases where the buffer
description information was encoded together as part of the PPS
information, but they are also applicable to cases where the buffer
description information is described in the header of each individual
target picture. Namely, they are also applicable to a configuration
wherein the information of row 510 in Fig. 5 is described in the lead
(header) of compressed data of the picture with POC=32 and the
information of row 511 is described in the lead (header) of compressed
data of the picture with POC=28. In this case, the buffer description
information BD[k] belonging to the target picture k can be encoded and
decoded by the processes of Figs. 6, 7, 10, 11, 18, and 19, with
reference to the buffer description information BD{m] belonging to the
picture m processed previously. However, there are cases where the
target picture m is not used as a reference picture at all (where the
value of dependence information D_ID is large), depending upon the

prediction structure, and BD[m] belonging to the picture m is not used
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for the prediction in such cases. The reason for it is that the picture m
not used as a reference picture at all can be discarded in order to
control the data volume and lighten the decoding process.

[0080] A video predictive encoding program for letting a computer
function as the foregoing video predictive encoding device 100 can be
provided as stored in a recording medium. Similarly, a video
predictive decoding program for letting a computer function as the
foregoing video predictive decoding device 200 can be provided as
stored in a recording medium. Examples of such recording media
include recording media such as flexible disks, CD-ROM, DVD, or
ROM, or semiconductor memories or the like.

[0081] Fig. 13 is a drawing showing a hardware configuration of
computer 30 for executing a program recorded in a recording medium,
and Fig. 14 is a drawing showing a perspective view of computer 30
for executing a program stored in a recording medium. The example
computer 30 herein generally embraces a DVD player, a set-top box, a
cell phone, and others provided with a CPU and configured to perform
information processing and control based on software.

[0082] As shown in Fig. 13, the computer 30 is provided with a
reading device 12 such as a flexible disk drive unit, a CD-ROM drive
unit, or a DVD drive unit, a working memory (RAM) 14 on which an
operation system is resident, a memory 16 to store a program stored in
the recording medium 10, a monitor device 18 such as a display, a
mouse 20 and a keyboard 22 as input devices, a communication device
24 for transmission and reception of data and others, and a CPU 26 to

control execution of the program. When the recording medium 10 is
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put into the reading device 12, the computer 30 becomes accessible to
the video predictive encoding program stored in the recording medium
10, through the reading device 12, and becomes able to operate as the
aforementioned video predictive encoding device 100 based on the
video predictive encoding program. Similarly, when the recording
medium 10 is put into the reading device 12, the computer 30 becomes
accessible to the video predictive decoding program stored in the
recording medium 10, through the reading device 12, and becomes able
to operate as the foregoing video predictive decoding device 200 based
on the video predictive decoding program.

List of Reference Signs

[0083] 100: video predictive encoding device; 101: input terminal;
102: block division unit; 103: predicted signal generation unit; 104:
frame memory (or buffer, DPB); 105: subtraction unit; 106: transform
unit; 107: quantization unit; 108: inverse quantization unit; 109: inverse
transform unit; 110: addition unit; 111: entropy encoding unit; 112:
output terminal; 114: buffer management unit; 200: video predictive
decoding device; 201: input terminal; 202: data analysis unit; 203:
inverse quantization unit; 204: inverse transform unit; 205: addition
unit; 206: output terminal; 207: frame memory; 208: predicted signal

generation unit; 209: buffer management unit.
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CLAIMS:

1. A video predictive decoding method executed by a video predictive decoding

device, comprising;:

inputting (i) a compressed form of picture data for reproduction of a target
picture[k], the compressed form of picture data resulting from execution of predictive coding
on the target picture[k], using a first set of reference pictures, and (ii) a compressed form of
buffer description information BD[k] that describes the first set of reference pictures used to
predictively encode the target picture[k], wherein the first set of reference pictures are
described in the buffer description information BD[k] with their identification numbers
relative to identification numbers of a second set of reference pictures described in buffer
description information BD[m] which are used to reproduce another target picture[m]

different from the target picture[k];

decoding the compressed form of picture data to reproduce the target

picture[k]; and

storing the reproduced target picture[k] as a reference picture to be used for

decoding of a subsequent target picture,

wherein decoding the compressed form of picture data to reproduce the target

picture[k] comprising:

prior to reproducing the target picture[k], referencing the buffer description
information BD[m] to restore the identification numbers of the first set of reference pictures

described in the buffer description information BD[k];

restoring the first set of reference pictures described in the buffer description

information BD[k]; and

reproducing the target picture[k], using the restored first set of reference

pictures described in the buffer description information BD[k],
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wherein referencing the buffer descriptién information BD[m] to restore the
identification numbers of the first set of reference pictures described in the buffer description

information BD[k] comprises:
restoring an index m identifying the buffer description information BD[m];

restoring a value of deltaBD representing a difference between identification
numbers of corresponding reference pictures described in the buffer description information

BD[m] and the buffer description information BD[k];

restoring a plurality of flags ibd flag[j] each adapted to take multiple values

one of which is indicative of both:

(a) whether or not an identification number of a j-th reference
picture described in the buffer description information BD[m] is used for
restoration of an identification number of a reference picture described in the

buffer description information BD[k]; and

(b) whether or not the j-th reference picture described in the buffer
description information BD[m] is used for reproduction of the target picture[k],

and

restoring the identification numbers of the first set of the reference pictures
described in the buffer description information BD[k] using the restored index m, the restored

value of deltaBD and the restored flags ibd flag[j],

wherein, when the ibd flag[j] takes a value that indicates that an identification
number of the j-th reference picture described in the buffer description information BD[m] is
used for restoring an identification number of a reference picture described in the buffer
description information BDI[k], a deltaPOC]i] that is an identification number of an i-th
reference picture described in the buffer description information BD[k] is derived by adding a
value of the deltaBD to a value of deltaPOC]j] that is an identification number of the j-th

reference picture described in the buffer description information BD[m], and
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wherein, when j is equal to a total number of reference pictures described in the
buffer description information BD[m], the deltaPOC]i] that is the identification number of the
i-th reference picture described in the buffer description information BDIK] is set to the

restored value of deltaBD.
2. A video predictive decoding device configured to implement:

inputting(i) a compressed form of picture data for reproduction of a target
picture[k], the compressed form of picture data resulting from execution of predictive coding
on the target picture[k] using a first set of reference pictures, and (ii) a compressed form of
buffer description information BD[k] that describes the first set of reference pictures used to
predictively encode the target picture[k], wherein the first set of of reference pictures are
described in the buffer description information BD[k] with their identification numbers
relative to identification numbers of a second set of reference pictures described in buffer
description information BD[m] whith are used to reproduce another target picture[m] different

from the target picture[k}];

decoding the compressed form of picture data to reproduce the target

picture[k];

storing the reproduced target picture[k] as a reference picture to be used for

decoding of a subsequent target picture,

wherein decoding the compressed form of picture data to reproduce the target

picture[k] comprising:

prior to reproducing the target picture[k], referencing the buffer description
information BD[m] to restore the identification numbers of the first set of reference pictures

described in the buffer description information BD[k];

restoring the first set of reference pictures described in the buffer description

information BD[k]; and
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reproducing the target picture[k], usiné the restored first set of reference

pictures described in the buffer description information BD[k],

wherein referencing the buffer description information BD[m] to restore the
identification numbers of the first set of reference pictures described in the buffer description

information BD[k] comprises:
restoring an index m identifying the buffer description information BD[m] ;

restoring a value of deltaBD representing a difference between identification
numbers of corresponding reference pictures in the buffer description information BD[m] and

the buffer description information BD[k];

restoring a plurality of flags ibd_flag[j] each adapted to take multiple values

one of which is indicative of both:

(a) whether or not an identification number of a j-th reference
picture described in the buffer description information BD[m] is used for
restoration of an identification number of a reference picture described in the

buffer description information BD[k]; and

(b) whether or not the j-th reference picture described in the buffer
description information BD[m] is used for reproduction of the target picture[k],

and

restoring the identification numbers of the first set of the reference pictures in
the buffer description information BD[k], using the restored index m, the restored value of
deltaBD and the restored flags ibd_flag[j],

wherein, when the ibd_flag[j] takes a value that indicates that an identification
number of the j-th reference picture described in the buffer description information BD[m] is
used for restoration of an identification number of a reference picture described in the buffer
description information BD[k], a deltaPOC]Ji] that is an identification number of an i-th

reference picture described in the buffer description information BD[k] is derived by adding a
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value of the deltaBD to a value of deltaPOC]j] that is an identification number of the j-th

reference picture described in the buffer description information BD[m], and

wherein, when j is equal to a total number of reference pictures described in the
buffer description information BD[m], the deltaPOCJi] that is the identification number of the
i-th reference picture described in the buffer description information BD[k] is set to the

restored value of deltaBD.
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