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ABSTRACT

A video encoder 101 encodes image data of an
input moving image based on prediction and generates
a video bitstream of encoded pictures. A refresh
controller 102 refreshes such that a partial area in
the picture is assumed as a unit area to be
refreshed and the unit area to be refreshed is moved
on a pilcture-by-picture basis. A display-enabled
area encoder 103 encodes a display-enabled area for
each picture and generating a display-enabled area
information bitstream in refreshing. A multiplexer
104 multiplexes the video bitstream and the display-

enabled area information bitstream.
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DESCRIPTION
Title of Invention
VIDEO ENCODING/DECODING DEVICE, METHOD, AND PROGRAM

Technical Field
[0001]

The present invention relates to a video coding
technology, in particular, a video coding technology
using adaptive predictive coding, which performs
compression by adaptively switching intra-picture

coding and inter-picture predictive coding.

Background Art
[0002]

A video has a large amount of information,
therefore it is necessary to perform compression
encoding of the video with high efficiency when the
video is recorded and transmitted as digital data.
In order to realize high-efficiency compression,
various elemental technologies are used for video
compression encoding.

[0003]

There is a predictive coding technology as one
of the elemental technologies for video compression
encoding. The predictive coding technology is a
technology for, when respective pixels in a video
are sequentially encoded, generating a predicted
value of a pixel to be currently encoded by using
one or a plurality of temporally and/or spatially
neighboring pixels and encoding a differential
signal between an original signal and a predicted
signal, instead of directly encoding the original
signal. Generally, since each of pixels in a video

has a high correlation with temporally and/or



CA 02876110 2014-12-09
»

spatially neighboring pixels, high-efficiency
compression can be performed by using the predictive
coding technology.

[0004]

One of predictive coding technologies is called
intra-picture predictive coding which performs
prediction by referring a group of pixels included
in the same picture, and another technology is
called inter-picture predictive coding which
performs prediction by referring a group of pixels
included in a different picture (referred to as a
reference picture). Generally, since there is a
certain motion in a video, the inter-picture
predictive coding technology is commonly used with a
motion compensation technology for increasing
prediction efficiency by using spatial displacement
information. Note that a "picture" represents a
processing unit of a screen, corresponds to a field
in a case where a video image of the interlace
format is encoded per field unit, while it
corresponds to a frame in a case where a video image
of the non-interlace format (the progressive format)
is encoded and a video image of the interlace format
is encoded per frame unit.

[0005]

Generally, there is a higher correlation in a
video, in particular, temporally than spatially.
Therefore, the inter-picture predictive coding
technology of predictive coding technologies can
achieve high-efficiency compression in particular.
On the other hand, there is a case when a temporal
correlation is reduced remarkably in an entire or
partial screen on the basis of movement in a

position relationship between a foreground and a
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background or scene change by editing. Therefore,
general video coding formats including ISO / IEC
14496-10 advanced video coding (AVC) described in
Non Patent Literature 1 implement an adaptive
predictive coding method for encoding partial images
as units obtained by subdividing a picture by
adaptively switching inter-picture predictive coding
and intra-picture predictive coding, or by
adaptively switching one of inter-picture predictive
coding, intra-picture predictive coding, and intra-
picture coding without prediction. A size of unit
varies depending on video coding formats, but a
rectangular area (referred to as a macroblock)
including 16 pixels in a vertical direction and 16
pixels in a horizontal direction is typically used.
Hereinafter, the intra-picture coding may be
referred to as intra coding.

[0006]

In the case of using the adaptive predictive
coding method, due to a difference in correlation
between pictures, a difference in prediction
efficiency is caused. Consequently, a difference in
compression efficiency is caused. As a result, a
situation occurs in which a code amount varies in
each picture. In addition, the variation occurs
regardless of a transmission band of a transmission
path through which a data group (referred to as a
bitstream) obtained by compression encoding is
transmitted. Therefore, a general video encoding
device and a general video decoding device include a
buffer memory for storing a bitstream so as to
absorb a variation in the code amount and ensure
transmission in a predetermined transmission band.

The buffer memory is called a coded picture buffer
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(CPB) in the AVC standard. The capacity of the
buffer memory is greatly different depending on
characteristics of a system to which an encoding
device and a decoding device are applied, but a
capacity corresponding to 0.5 second multiplied by a
transmissicn bit rate is typically provided, for
example.

[0007]

In various cases including channel switching of
television broadcasts or special replay of storage
type contents, it is required to start decoding in
the middle of a bitstream, i.e. random access, at
the time of recoding and transmitting a video. When
decoding is started in the middle of a bitstream
generated by the inter-picture predictive coding, a
video cannot be normally decoded because of the
inter-picture prediction process based on a non-
decoded reference picture. Therefore, a general
video encoding device implementing the adaptive
predictive coding performs encoding control
(referred to as refresh) for appropriately inserting
intra coding so as to obtain a normal decoded video
within a predetermined period of time even when
decoding is started in the middle of a bitstrean.
[(0008]

One of refresh methods is instantaneous refresh
for inserting a picture (referred to as an intra-
coded picture) where the whole picture is encoded by
intra-picture coding. Fig. 14 illustrates an example
of operation of instantaneous refresh. 1In the
drawing, an area indicated by a dashed border is a
group o©f pictures which is a unit of refresh control,
and the group 1is called a refreshing group of

pictures (RGOP). 1In the operation example
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illustrated in Fig. 14, the video encoding device
inserts an intra-coded pilcture every four pictures,
and controls such that three pictures subsequent to
the intra-coded picture do not use a picture encoded
prior to the immediately preceding intra-coded
picture as a reference picture, that 1s, the inter-
picture prediction is performed within the
refreshing group of pictures. In this manner, even
when starting decoding in the middle of a bitstream,
the decoding device can obtain a correct decoded
image by starting a decoding process from a leading
intra-picture of each refreshing group of pictures.
In the AVC described in the above Non Patent
Literature 1, an intra-coded picture which limits
subsequent pictures such that subsequent pictures do
not refer to a picture encoded prior thereto, is
called instantaneous decoding refresh (IDR) picture
and a special picture identifier is assigned to the
IDR picture in a bitstream. A video encoding device
compliant with the AVC standard can correctly notify
a video decoding device of the correct timing to
start decoding for refresh by encoding a leading
picture of the refreshing group of pictures as an
IDR picture.

[0009]

However, 1t is a problem that the instantaneous
refresh increases transmission delay. As described
above, generally, there is a high correlation in a
video, in particular, temporally. Therefore, an
intra-coded picture that cannot adopt inter-picture
prediction requires a larger code amount than other
pictures in order to maintain predetermined image
quality. A larger difference in generated code

amount between pictures increases required capacity
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of a buffer memory which is provided for the video
encoding device and the video decoding device. The
increase of capacity of the buffer memory causes an
increase in transmission delay between the encoding
device and the decoding device. Therefore, the
instantaneocus refresh is not appropriate for a use
requiring high real-time property, such as eguipment
remote control through a video.

{0010]

On the other hand, as a refresh method
satisfying demands for a decrease in transmission
delay, there is a method (referred to as gradual
refresh) for gradually refreshing an screen by the
partial area (referred to as segment) which is
obtained by dividing the screen, and performing
refresh across a plurality of pictures until refresh
is completed. One of typical gradual refresh is
intra-slice refresh, which is disclosed in, for
example, Patent Literature 1. A slice is a set of
coding unit blocks in a picture and refers to a
segment that is independent of other coding unit
blocks in the picture. An intra slice refers to a
slice where intra-frame coding is selected for all
coding units in the slice, and prediction using
pixels in other slices including another slice of
the same frame, is not performed. An intra-slice
refresh performs such refresh in which a part of a
slice in a picture is encoded as an intra slice and
controls such that an area encoded as an intra slice
in each of consecutive pictures is moved so that any
area in the pictures is encoded as an intra slice at
least once within predetermined time period.

[0011]

Fig. 15 illustrates an example of operation of
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intra-slice refresh. A picture at the time t 1is
indicated by P(t) below. In Fig. 15, P(ti-s), P(t:),
and P(tij,4) are start frames of gradual refresh and
the four pictures are refreshed until refresh is
completed. A period (in Fig. 15, corresponding to 4
pictures) from the start of refresh and to the end
thereof is called a refreshing period. 1In Fig. 15,
partial areas indicated by black paint show intra
slices. During a refreshing period, refresh of an
image 1s performed by setting each of all areas in a
screen to an intra slice at least once.
[0012]

In the intra-slice refresh illustrated in Fig.
15, in order to refresh certainly, limitation is
applied to a referable range for prediction also
outside the intra slice, in the same way as the
instantaneous refresh illustrated in Fig. 15. 1In Fig.
15, an area indicated by a dashed border constitutes
a group of partial areas, which is a unit for
refresh control, and is referred to as a refreshing
group of segments (RGOS). Like the refreshing group
of pictures in the instantaneous refresh, each
refreshing group of segments is limited not to refer
to a different refreshing group of segments which
starts from a picture prior to a first picture
having an area belonging to the refreshing group of
segments. A video deccding device which receives and
decodes a bitstream encoded as described above can
obtain a correct decoded image of pictures after the
end position of the refreshing period without
disturbance in a whole screen by starting decoding
from a leading picture within a refreshing period.
Hereinafter, a leading picture within a refreshing

period is referred to as a synchronization starting
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picture. A first picture, from which a correct
decoded image can be obtained without disturbance in
a whole screen when encoding is performed from the
synchronization starting picture, is referred to as
a synchronization completed picture.

[0013]

Incidentally, the gradual refresh does not
necessarily need to use an intra slice and is
generally realized by limiting a prediction
reference relationship between refreshing groups of
segments. Fig. 16 illustrates an example of a
general gradual refresh. In order to refresh
certainly, areas belonging to each refreshing group
of segments indicated by a dashed border are limited
not to refer to a different refreshing group of
segments starting from a picture prior to a leading
picture of the refreshing group of segments. Further,
more generally, when it i1s ensured that a decoded
image after completion of refresh is sufficiently
similar to an image decoded from the beginning of a
bitstream, an area belonging to each refreshing
group of segments may refer to another refreshing
group of segments starting from a frame prior to a
leading frame of the refreshing group of segments.
[0014]

In gradual refresh, an increase in a code amount
due to refresh is distributed to a whole refreshing
period. That is, unlike an intra-coded picture of
the instantaneous refresh, there is no picture which
causes an increase 1in a code amount in the whole
screen. Therefore, a variation in a code amount
between pictures is more reduced than that in the
case of using the instantaneous refresh. As a result,

the required capacity of the buffer memory decreases
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and, furthermore, transmission delay between the
encoding device and the decoding device is reduced.
[0015]

On the other hand, in the case of using the
gradual refresh, there is no an explicit refresh
start point unlike an IDR picture. Therefore, a
video encoding device, which generates a bitstream
by using gradual refresh, multiplexes information on
a synchronization starting picture and a
synchronization completed picture (refresh
information) on a bitstream and transfers the
bitstream to a decoding device so that a decoding
device can start decoding from the synchronization
starting picture and also restart image display from
the synchronization completed picture.

[0016]

In the AVC described in Non Patent Literature 1,
as a means where an encoding device transfers
refresh information to a decoding device, a data
group called a recovery point supplemental
enhancement information message (recovery point SEI
message) is defined. An AVC-compliant encoding
device transfers the recovery point SEI message to
the decoding device by multiplexing the message on
the bitstream. An AVC-compliant decoding device can
start decoding from the synchronization starting
picture and restart image display from the
synchronization completed picture according to the
recovery point SEI message. The recovery point SEI
message includes information on the synchronization
starting picture and the synchronization completed
picture and corresponds with both of the
instantaneous refresh and the gradual refresh.

[0017]
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A list on Fig. 17 shows syntax elements
configuring the recovery point SEI message which is
used to transfer refresh information from an AVC-
compliant encoding device to an AVC-compliant
decoding device.

[0018]

recovery frame cnt is a parameter for notifying
of a synchronization completed picture. That is, for
example, P(ti-4), P(ti), and P{ti+s) illustrated in Fig.
14, and, for example, P(ti-1), P(tis3), and P(ti.7)
illustrated in Fig. 15 are notified. A video
decoding device is notified of the paired
synchronization starting picture by existence of the
recovery point SEI message itself. That is, an AVC-
compliant video decoding device starts decoding from
the synchronization starting picture to which the
recovery point SEI message 1s associated and
continues decoding until the synchronization
completed picture indicated by recovery frame cnt,
thereby obtaining a decoded image without
disturbance in the whole screen. Therefore, the
video decoding device can select and display only
images without disturbance in regard to a bitstream
generated using the gradual refresh.

[0019]

exact match flag is a parameter for notifying of
whether a decoded image in the case of starting
decoding from the synchronization starting picture
is exactly matched with a decoded image in the case
of receiving and decoding the bitstream from the
beginning therecf, in the synchronization completed
picture indicated by recovery frame cnt.

[0020]

broken link flag is a parameter for notifying of

10
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whether there is a possibility that disturbance will occur to
the visibly unacceptable extent in a group of pictures existing
until the synchronization completed picture indicated by
recovery frame cnt, when decoding is started from the

synchronization starting picture.
[0021]

changing slice group idc is a parameter for notifying
of whether there is a partial area that does not affect
completion of refresh even if a decoding process is omitted, in
a group of pictures existing until the synchronization
completed picture indicated by recovery frame cnt, when

decoding is started from the synchronization starting picture.
[0022]

The description related to an example of multiplexing
of conventional refresh information with reference to the list

of Fig. 17 is ended.
Citation List
Patent Literature
[0023]
PLT 1: JP 2007-221411 A (paragraph 0005 and 0006)

Non Patent Literature
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[0024]

NPL 1: ISQ/IEC 144%96-10 Information technology -
coding of audio-visual objects Part 10: Advanced Video Coding,

December 15, 2010

Summary of Invention

[0025]

When gradual refresh is used, refresh of a

1la
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screen is partially completed in pictures between a
synchronization starting picture and a
synchronization completed picture. When important
information that needs to be instantaneously
notified to a viewer exists in partial areas where
refresh is completed, it is preferred to start
partially displaying areas where refresh is
completed, instead of waiting for the
synchronization completed picture. However, there 1is
no means for allowing a video decoding device to
easily know portions in a screen where refresh is
completed, when such a method is used that the
synchronization starting picture and the
synchronization completed picture are notified of by
the recovery point SEI message. Therefore, there is
a problem that the video decoding device cannot
perform display until the synchronization completed
picture, that is, delay of display occurs.

[0026]

On the other hand, when a reference area
restriction for each refreshing group of segments is
strictly kept, the video decoding device may know a
range which 1s referred to in a prediction process
for each of partial images which are prediction
units, during decoding. Therefore, the video
decoding device can obtain refreshed partial areas
by calculation. However, 1in case the video decoding
device obtains refreshed partial areas through
calculation using prediction reference range
information, this causes a problem that a
computation amount of the video decoding device
increases.

[0027]

When the reference area restriction for each

12
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refreshing group of segments i1s not strictly kept, that is,
when exact match flag of the recovery point SEI message is set
to 0, a decoder cannot know refreshed partial areas even
through calculation using the prediction reference range
information. Therefore, in order for the decoder to know
refreshed partial areas through calculation using the
prediction reference range information, a prediction reference
range needs to be limited in the video encoding device. That
is, in case the video decoding device obtains refreshed partial
areas through calculation using the prediction reference range
information, such problem occurs that video compression
efficiency is reduced, thereby relatively reducing video
quality in a system in which exact matching of a decoded image

is not necessarily required.
[0028]

An aspect 0f the present disclosure is directed to
the provision of a video encoding device, a video encoding
method, and a program, capable of notifying a decoding device
of a partial area in a screen which can start being displayed
until a synchronization completed picture without increasing a

computation amount of a decoding device in gradual refresh.
[0029]

Another aspect of the present disclosure is directed
to the provision of a video encoding device, a video encoding
method, and a program, capable of notifying a decoding device
of a partial area in a screen which can start being displayed
until a synchronization completed picture without reducing

video quality in gradual refresh.

13



10

15

20

25

81784478

{0030]

Another aspect of the present disclosure is directed
to the provision of a video decoding device, a video decoding
method, and a program, capable of, when a bitstream generated
by using gradual refresh is decoded and a video is replayed,
starting displaying partially until a synchronization completed

picture without increasing a computation amount.
[0031]

Another aspect of the present disclosure is directed
to the provision of a video decocding device, a video decoding
method, and a program, capable of, when a bitstream generated
by using gradual refresh is decoded and a video is replayed,
starting displaying a high-quality video partially until a

synchronization completed picture.
[0031a]

According to an aspect of the present invention,
there is provided, a video decoding device comprising:
demultiplexing means for demultiplexing a video bitstream
including video data of an encoded slice, Supplemental-
Enhancement-Information having first information indicating a
leading picture in gradual refresh, and Supplemental-
Enhancement-Information having second information indicating
segments where a refresh has completed in a current picture;
extracting means for extracting said second informaticn from a
message which is part of the demultiplexed Supplemental-
Enhancement-Information; and video decoding means for decoding
image data from the demultiplexed video bitstream by using at

least inter prediction, wherein said video decoding means

14
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starts decoding based on the leading picture in gradual

refresh.
[0031b]

According to another aspect of the present invention,
there is provided, a video decoding method comprising:
demultiplexing a videc bitstream including video data of an
encoded slice, Supplemental-Enhancement-Information having
first information indicating a leading picture in gradual
refresh, and Supplemental-Enhancement-Information having second
information indicating segments where a refresh has completed
in a current picture; extracting sald second information from a
message which is part of the demultiplexed Supplemental-
Enhancement-Information; and decoding image data from the
demultiplexed video bitstream by using at least inter
prediction, wherein saild decoding is started based on the

leading picture in gradual refresh.
{0031c]

According to another aspect of the present invention,
there is provided, a computer readable medium storing a video
decoding program comprising executable instructions which
causes a computer to perform: a demultiplexing process of
demultiplexing a video bitstream including video data of an
encoded slice, Supplemental-Enhancement-Information having
first information indicating a leading picture in gradual
refresh, and Supplemental-Enhancement-Information having second
information indicating segments where a refresh has completed
in a current picture; an extracting process of extracting said

second information from a message which is part of the

15
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demultiplexed Supplemental-Enhancement-Information; and a video
decoding process of decoding image data from the demultiplexed
video bitstream by using at least inter prediction, wherein
said video decoding process is started based on the leading

picture in gradual refresh.
[0031d]

According to another aspect, there is provided a
video encoding device comprising: video encoding means for

encoding image data of an input moving image by using an intra-

15a
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picture encoding and an inter-picture prediction and generating
a video bitstream of encoded pictures; refresh control means
for refreshing such that a partial area in the picture is
assumed as a unit area to be refreshed and the unit area to be
refreshed is moved on a picture-by-picture basis; display-
enabled area encoding means for encoding a display-enabled area
information of an area where a refresh has completed for each
picture, independently of the video encoding means, and
generating a display-enabled area information bitstream in
refreshing; and multiplexing means for multiplexing a video

bitstream and the display-enabled area information bitstream.

[0031le]

According tc another aspect, there is provided a
video decoding device comprising: demultiplexing means for
demultiplexing a video bitstream including video data and a
display-enabled area information bitstream including display-
enabled area information c¢f an area where a refresh has
completed; display-enabled area information extracting means
for extracting the display-enabled area information from the
display-enabled area information bitstream; and video decoding
means for decoding an image data, from the video bitstream,
independently of the display-enabled area information
extracting means, by using an intra-picture decoding and an

inter-picture prediction.

[0031f]

According to another aspect, there is provided a
video encoding method comprising: encoding image data of an

input moving image by using an intra-picture encoding and an

16
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inter-picture prediction and generating a video bitstream of
encoded pictures; refreshing such that a partial area in the
picture is assumed as a unit area to be refreshed and the unit
area to be refreshed is moved on a picture-by-picture basis;
encoding a display-enabled area information of an area where a
refresh has completed for each picture, independently of
encoding the image data, and generating a display-enabled area
information bitstream in refreshing; and multiplexing the video

bitstream and the display-enabled area information bitstream.

[0031g]

According to another aspect, there is provided a
video decoding method comprising: demultiplexing a video
bitstream including video data and a display-enabled area
information bitstream including display-enabled area
information of an area where a refresh has completed;
extracting the display-enabled area information from the
display-enabled area information bitstream; and decoding an
image data, from the video bitstream independently of the
display-enabled area information extracting, by using an intra-

picture decoding and an inter-picture prediction.
{0031h]

According to another aspect, there is provided a
computer readable medium storing a video decoding program
comprising executable instructions which cause a computer to
perform: a demultiplexing process of demultiplexing a video
bitstream including video data and a display-enabled area
information bitstream including display-enabled area

information of an areas where a refresh has completed; a

16a
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display-enabled area information extracting process of
extracting the display-enabled area information from the
display-enabled area information bitstream; and a video
decoding process of decoding an image data, from the video
bitstream, independently of the display-enabled area
information extracting process, by using an intra-picture

decoding and an inter-picture prediction.

16b
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[0032]

A video encoding device according to another aspect
includes: video encoding means for encoding image data of an
input moving image based on prediction and generating a video
bitstream of encoded pictures; refresh control means for
refreshing such that a partial area in the picture is assumed
as a unit area to be refreshed and the unit area to be
refreshed is moved on a picture-by-picture basis; display-
enabled area encoding means for encoding a display-enabled area
for each picture and generating a display-enabled area
information bitstream in refreshing; multiplexing means for
multiplexing a video bitstream and the display-enabled area

information bitstream.
[0033]

A video decoding device according to another aspect
includes: demultiplexing means for demultiplexing a bitstream
including video data and a bitstream including display-enabled
area information in an image to be decoded; videc decoding
means for decoding the demultiplexed video bitstream based on
prediction and generating image data; video output control
means for restricting an output area of the image data based on
the demultiplexed display-enabled area information; and
display-enabled area decoding means for decoding the
demultiplexed display-enabled area information bitstream
according to a predetermined method and extracting at least a

part of the display-enabled area information.

17
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[0034]

A video encoding method according to another aspect
includes: encoding image data of an input moving image based on
prediction and generating a video bitstream of encoded
pictures; refreshing such that a partial area in the picture is
assumed as a unit area to be refreshed and the unit area to be
refreshed is moved on a picture-by-picture basis; encoding a
display-enabled area for each picture and generating a display-
enabled area information bitstream in refreshing; and
multiplexing the video bitstream and the display-enabled area

information bitstream.
[0035]

A video decoding method according to another aspect
includes: demultiplexing a bitstream including videoc data and a
bitstream including display-enabled area information in an
image to be decoded; decoding the demultiplexed video bitstream
based on prediction and generating image data; restricling an
output area of the image data based on the demultiplexed
display-enabled area information; and decoding the
demultiplexed display-enabled area information bitstream
according to a predetermined method and extracting at least a

part of the display-enabled area information.
[0036]

A video encoding program according to another aspect
causes a computer to perform: a video encoding process of
encoding image data of an input moving image based on
prediction and generating a video bitstream of encoded

pictures; a refresh control process of refreshing such that a

18
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partial area in the picture is assumed as a unit area to be
refreshed and the unit area to be refreshed is moved on a
picture-by-picture basis; a display-enabled area encoding
process of encoding a display-enabled area for each picture and
generating a display-enabled area information bitstream in
refreshing; and a multiplexing process of multiplexing a video

bitstream and the display-enabled area information bitstream.

[0037]

A video decoding program according to another aspect
causes a computer to perform: a demultiplexing process of
demultiplexing a bitstream including video data and a bitstream
including display-enabled area information in an image to be
decoded; a video decoding process of decoding the demultiplexed
video bitstream based on prediction and generating image data;
a video output control process of restricting an output area of
the image data based on the demultiplexed display-enabled area
information; and a display-enabled area decoding process of
decoding the demultiplexed display-enabled area information
bitstream according to a predetermined method and extracting at

least a part of the display-enabled area information.
[0038]

According to some embodiments, when a video decoding
device receives and replays a bitstream generated by a video
encoding device in the middle thereof, partial display can be
started until a synchronization completed picture, thereby

reducing display delay.
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Brief Description of Drawings

[0039]

[Fig. 1] It depicts a block diagram illustrating a
configuration example of a video encoding device of a first

exemplary embodiment according to the present invention.

[Fig. 2] It depicts a flowchart illustrating an operation
example of the video encoding device of the first exemplary

embodiment.

[Fig. 3] It depicts an explanatory diagram illustrating an

example of video encoding by gradual refresh.

[Fig. 4] It depicts an explanatory diagram illustrating an

example of multiplexing display-enabled area information.

[Fig. 5] It depicts an explanatory diagram illustrating another

example of multiplexing display-enabled area information.

[Fig. 6] It depicts an explanatory diagram illustrating another

example of multiplexing display-enabled area information.

[Fig. 7] It depicts an explanatory diagram illustrating another

example of multiplexing display-enabled area information.

[Fig. 8] It depicts a block diagram illustrating a
configuration example of a video decoding device of a second

exemplary embodiment according to the present invention.

[Fig. 9] It depicts a flowchart illustrating an operation
example of the video decoding device of the second exemplary

embodiment.
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[Fig. 10] It depicts a block diagram illustrating a
configuration example of a video encoding device of a third

exemplary embodiment according to the present invention.

[Fig. 11] It depicts a block diagram illustrating a
configuration example of a video encoding device of a fourth

exenplary embodiment according to the present invention.

[Fig. 12] It depicts a flowchart illustrating an operation
example of the video encoding device of the fourth exemplary

empbodiment.

[Fig. 13] It depicts a block diagram illustrating an example of

an information processing system using a program according to

an embodiment of the present invention.

[Fig. 14] It depicts an explanatory diagram illustrating an

operation example of instantaneous refresh.

[Fig. 15] It depicts an explanatory diagram illustrating an

operation example of intra-slice refresh.

[Fig. 16] It depicts an explanatory diagram illustrating an

example of generalized gradual
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refresh.

[Fig. 17] It depicts an explanatory diagram
illustrating examples of syntax elements
constituting recovery point supplemental enhancement

information message.

Description of Embodiments
[0040]

Exemplary embodiments of the present invention
will be described below with reference to
accompanying drawings.

[0041]
(First exemplary embodiment)

Fig. 1 is a block diagram of a video encoding
device according to a first exemplary embodiment of
the present invention. As illustrated in the drawing,
the video encoding device of the first exemplary
embodiment includes a video encoder 101, a refresh
controller 102, a display-enabled area encoder 103,
and a multiplexer 104. The present exemplary
embodiment is characterized in that the display-
enabled area encoder 103 which encodes display-
enabled area information of each picture obtained
from the refresh controller 102 for supplying to the
multiplexer 104.

[0C042]

The video encoder 101 performs encoding on each
of pictures in an input video and supplies a
bitstream of the video to the multiplexer 104.

[0043]

When an adaptive predictive coding is performed
in the video encoder 101, the refresh controller 102
supplies a control signal to the video encoder 101

such that prediction restriction is kept between
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refreshing groups of segments so as to perform
intended refresh. The refresh controller 102
supplies display-enabled area informaticn of each
picture obtained from the refreshing groups of
segments to the display-enabled area encoder 103.
[0044]

The display-enabled area encoder 103 encodes the
display-enabled area information supplied from the
refresh controller 102 and supplies the encoded
display-enabled area information to the multiplexer
104 as a display-enabled area information bitstream.
[0045]

The multiplexer 104 multiplexes a video
bitstream obtained from the videc encoder 101 and
the display-enabled area information bitstream
obtained from the display-enabled area encoder 103
and outputs the multiplexed bitstream as a bitstream.
[0046]

A video encoding process by the video encoding
device of the first exemplary embodiment will be
described below with reference to a flowchart of Fig.
2.

[0047]

In step S10001, the refresh controller 102
supplies control information defining a refresh
operation to the video encoder 101 and the display-
enabled area encoder 103.

[0048]

In step S10002, the video encoder 101 encodes
respective pictures of an input video and supplies a
video bitstream thereof to the multiplexer 104.

[0049]
In step 810003, when a picture to be currently

encoded is a picture between a synchronization
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starting picture and a synchronization completed
picture, the process proceeds to step S10004. When
the picture to be currently encoded is not a picture
between the synchronization starting picture and the
synchronization completed picture, processing of
step S10004 is skipped and the prccess proceeds to
step S10005.

[0050]

In step S10004, the display-enabled area encoder
103 encodes information defining a display-enabled
area of each picture and outputs a bitstream thereof
to the multiplexer 104.

[0051]

In step S10005, the multiplexer 104 multiplexes
a video bitstream supplied from the video encoder
101 and a display-enabled area information bitstream
supplied from the display-enabled area encoder 103
and outputs a bitstream.

[0052]

In step S10006, when the bitstream output in
step S10005 corresponds to a final picture to be
encoded, video encoding is completed. In a case
where the bitstream does not correspond to the final
picture, the process returns to S10001.

[0053]

According to the above configuration, in a case
in which the video encoding device generates a
bitstream by using gradual refresh, the video
encoding device can generate a bitstream so that a
video decoding device can start partial display
until the synchronization completed picture and
reduce display delay, when the video decoding device
receives and replays the bitstream in the middle of

the bitstream. This is because the video decoding
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device can know an area that can be displayed
partially in pictures until the synchronization
completed picture since the multiplexer 104 receives
control information defining a display-enabled start
area in each picture from the display-enabled area
encoder 103, multiplexes the control information on
a bitstream, and transmits the control information
to the video decoding device.

[0054]

(Example)

A specific example of the video encoding device
of the above first exemplary embodiment will be
described below.

[0055]

In the present example, with respect to a
progressive video in which a spatial resolution for
each frame is 320 x 240 pixels, the most left area
of 64 x 240-pixel areas obtained by uniformly
dividing a picture by 5 in a horizontal direction is
set as an intra-coded segment, and refresh is
performed so that an intra-coded segment is shifted
so as not to be overlapped with each other through 5
pictures.

[0056]

Fig. 3 illustrates a specific case where refresh
is performed. In Fig. 3, a picture P(ti) at time t;
is assumed as a synchronization starting picture,
and P(ti+q) is assumed as a synchronization completed
picture. A refresh completion segment in the picture
P(t) at time t indicates an area set as an intra-
coded segment one time from time t; to time t. 1In
this case, respective display-enabled areas of
pictures P(ti), P(tis1), P(tis«2), P(ti+3) and P(ti+q)
are 64x240-pixel, 128 x 240-pixel, 192 x 240-pixel,
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256 x 240-pixel, and 320 x 240-pixel rectangular
areas from the left of the pictures, respectively.
The display-enabled area encoder 103 encodes the
respective display-enabled areas for supplying to
the multiplexer 104.

[0057]

Information of the above-described display-
enabled areas may be multiplexed on a bitstream as a
part (referred to as a partial display-enabled area
supplemental enhancement information message) of a
supplemental enhancement information message,
according to the description of “Specification of
syntax functions, categories, and descriptors” of
Ncn Patent Literature 1, for example.

[0058]

An example of multiplexing of display-enabled
area information in a list of Fig. 4 will be
described below.

[0059]

Assuming that a picture number of a picture to
which the partial display-enabled area supplemental
enhancement information message 1s associated 1is
CurrPicOrderCnt in a case where decoding 1is started
with a picture, which is assumed as a
synchronization starting picture, defined by a
picture number RecvStartPicOrderCnt obtained by
Formula 1 below, recovery_ starting poc_cnt indicates
that a display-enabled area represented in the
partial display-enabled area supplemental
enhancement information message is applied.

[0060]

RecvStartPicOrderCnt = CurrPicOrderCnt -

recovery starting poc cnt (Formula 1)

[0061]
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partial recovery_cnt _minusl represents a number
of rectangular areas which exist in the partial
display-enabled area supplemental enhancement
information message. A display-enabled area in a
picture to which the partial display-enabled area
supplemental enhancement information message is
associated is obtained as a union of the display-
enabled rectangular areas.
[0062]

exact match flag[i] indicates whether a decoded
image in a case where decoding is started from a
picture defined by RecvStartPicOrderCnt is exactly
matched with a decoded image in a case where a
bitstream is received and decoded from the beginning
thereof in the display-enabled rectangular area. 1In
a case where a decoded value of exact_match flagl[i]
is 1, it is indicated that exact matching of a
decoded image is achieved with respect to all pixels
in the display-enabled rectangular area. 1In a case
where a decoded value of exact match flag[i] is O,
it is indicated that there is a possibility that
exact matching of a decoded image will not be
achieved with respect to all pixels in the display-
enabled rectangular area.
[0063]

recovery rect left offset[i],
recovery rect right offset[i],
recovery rect top offset(i], and
recovery_rect_bottom_offset[i] are a group of
parameters that designate a position on a screen of
the display-enabled rectangular area. Assuming that
both a horizontal coordinate and a vertical
coordinate of an upper left pixel of a decoded image

are set to 0, and a horizontal coordinate and a
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vertical coordinate of a lower right pixel of the
decoded image are set to PicWidthInSamples - 1 and
PicHeightInSamples - 1, respectively, when an upper
left pixel horizontal coordinate, an upper left
pixel vertical coordinate, a lower right pixel
horizontal coordinate, and a lower right pixel
vertical coordinate of the rectangular area in the
picture defined in CurrPicOrderCnt are
CurrRecvRectLeft{i], CurrRecvRectRight[il],
CurrRecvRectTop[i], and CurrRecvRectBottom[i],
values of CurrRecvRectLeft[i], CurrRecvRectRight[i],
CurrRecvRectTop[i], and CurrRecvRectBottom[i] are

calculated by Formula 2 below.

[0064]

CurrRecvRectLeft[i] = recovery rect left offsct[i]
CurrRecvRectRight[i] = PicWidthInSamples - 1 -
recovery rect right offset[i]

CurrRecvRectTop[i] = recovery rect top offset[i]
CurrRecvRectBottom[i] = PicHeightInSamples - 1 -
recovery_rect bottom offset[1i] (Formula 2)
[0065]

Now, the description of the multiplexing example
of the display-enabled area information of Fig. 4 is
ended.

[0066]

The present example is an example in which
display-enabled area information is directly encoded
and is multiplexed on a bitstream as a supplemental
enhancement information message, with respect to
pictures from the synchronization starting picture
to the synchronization completed picture on a
picture-by-picture basis. However, according to the
present invention, for example, with respect to a

first picture, the display=-enabled area information
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is multiplexed as partial display-enabled area
supplemental enhancement information message shown
in Fig. 4, and, with respect to subsequent pictures,
update information of the display-enabled area may
be multiplexed on a bitstream on a picture-by-
picture basis as the partial display-enabled area
update supplemental enhancement information message
shown in Fig. 5.

[0067]

A multiplexing example of the display-enabled
area information in a list of Fig. 5 will be
described below.

[0068]

partial recovery_ref poc_cnt indicates that,
assuming that the picture number of a picture to
which the partial display-enabled area update
supplemental enhancement information message is
assocliated is CurrPicOrderCnt, a display-enabled
area of the picture is calculated with reference to
another display-enabled area defined by the partial
display-enabled area supplemental enhancement
information message, or the partial display-enabled
area update supplemental enhancement information
message, associated with a picture defined by a
picture number PartRecvRefPicOrderCnt calculated by
Formula 3 below.

[0069]

PartRecvRefPicOrderCnt = CurrPicOrderCnt -
partial recovery ref poc_cnt (Formula 3)
[0070]

exact_match_flag[i] indicates whether a decoded
image in a case where decoding is started from a
picture defined by RecoveryStartingPicOrderCnt is

exactly matched with a decoded image in a case where
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a bitstream is received and decoded from the
beginning thereof in the display-enabled rectangular
area. In a case where a decoded value of
exact match flag[i] is 1, it is indicated that exact
matching of a decoded image is achieved with respect
to all pixels in a display-enabled rectangular area.
In a case where a decoded value of
exact match flag{i] is 0, it 1is indicated that there
is a possibility that exact matching of a decoded
image will not be achieved with respect to all
pixels in a display-enabled rectangular area.
[0071]

recovery_rect_left offset decr[i],
recovery_rect_right offset decrl[i],
recovery_rect top_offset decr[i], and
recovery rect_bottom _offset_decr[i] are a group of
parameters for updating a position on a screen of
the display-enabled rectangular area in the picture.
Assuming that an upper-left pixel-horizontal
coordinate, an upper-left pixel-vertical coordinate,
a lower-right pixel-horizontal coordinate, and a
lower-right pixel-vertical ccordinate in an i-th
display-enabled rectangular area, determined in a
picture defined by PartRecvRefPicOrderCnt, are
RefRecvRectLeft [i], RefRecvRectRight[i],
RefRecvRectTop{i], and RefRecvRectBottom[i], values
of the upper-left pixel-horizontal coordinate
CurrRecvRectLeft[1i], the upper-left pixel-vertical
coordinate CurrRecvRectRight[i], the lower-right
pixel-horizontal coordinate CurrRecvRectTop[i], and
the lower-right pixel-vertical coordinate
CurrRecvRectBottom[i] in the rectangular area in the
picture defined in CurrPicOrderCnt are calculated by

Formula 4 below.
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[0072]

CurrRecvRectLeft[i] = RefRecvRectlLeft[i] -

recovery rect left offset decr[i]
CurrRecvRectRight[i] = RefRecvRectRight[i] +
recovery_rect right offset decr([i]
CurrRecvRectTop[i] = RefRecvRectTop[i] -

recovery rect top_ offset decr[i]
CurrRecvRectBottom[i]=RefRecvRectBottom[i] +
recovery rect bottom offset decr(i] (Formula 4)
[0073]

With respect to
recovery rect left offset decr(i],
recovery rect_right offset decr(i],
recovery rect top offset decr[i], and
recovery rect bottom offset decr[i], when each
variable does not exist on the bitstream, its value
is considered to be 0.

[0074]

Now, the description of the multiplexing example
of the display-enabled area update information of
Fig. 5 is ended.

[0075]

Further, the present example is an example in
which display-enabled area information is
multiplexed on a bitstream as a supplemental
enhancement information message independent of other
supplemental enhancement information messages in
Figs. 4 and 5. However, according to the present
invention, for example, in the synchronization
starting picture, information of partial display-
enabled area as illustrated in the list of Fig. 6
may be superposed on the recovery point supplemental
enhancement information message illustrated in the

list of Fig. 17, and may be multiplexed on a
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bitstream.
[0076]

A multiplexing example of the display-enabled
area information illustrated in the 1list of Fig. 6
will be described below.

[0077]

partital_recovery_info present flag is a
parameter indicating whether information of the
partial display-enabled area exists in a relevant
supplemental enhancement information message.

[0078]

Since other parameters displayed in the list of
Fig. 6 are identical to the parameters displayed in
the list of Fig. 4 and Fig. 17, a description
thereof is omitted herein.

[0079]

Now, the description of the multiplexing example
of the display-enabled area information of Fig. 6 is
ended.

[0080]

Further, in the above description of the video
encoding process in the video encoding device of the
first exemplary embodiment of the present invention,
an operation example of encoding the display-enabled
area information and multiplexing the display-
enabled area informaticn on a bitstream, for each
picture having a display-enabled area, is
illustrated. However, according to the present
invention, the display-enabled area information in
the synchronization starting picture may be
superposed on the recovery point supplemental
enhancement information message and may be
multiplexed on a bitstream until the synchronization

completed picture as illustrated in the list of Fig.
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7, or the display-enabled area information may be
encoded and multiplexed on a bitstream for every
several pictures.

[0081]

A multiplexing example of the display-enabled
area information that is illustrated in Fig. 7 will
be described below.

(0082]

partial recovery_update_info present flag[i] is
a parameter indicating whether update information of
an i-th display-enabled area exists in a picture
after the synchronization starting picture.

[0083]

Since other parameters illustrated in the list
of Fig. 7 are identical to parameters displayed in
the list of Fig. 6 and Fig. 17, a description
therecof is omitted herein.

[0084]

Now, the description of the multiplexing example
of the display-enabled area information of Fig. 7 is
ended.

[0085]

The present example is an example in which the
display-enabled area information is multiplexed as a
supplemental enhancement information message with
respect to each picture. However, according to the
present invention, the display-enabled area
information may be multiplexed with, for example, a
sequence parameter set used for encoding and
decoding of a whole bitstream or the display-enabled
area information may be multiplexed with, for
example, a picture parameter set.

[0086]

In addition, in the present example, the
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display-enabled area information is encoded with
respect to all pictures from the synchronization
starting picture to the synchronization completed
picture and is multiplexed on the bitstream. However,
the present invention is not limited to encoding of
the display-enabled area information for all
pictures from the synchronization starting picture
to the synchronization completed picture, and the
display-enabled area information may be encoded
selectively for certain pictures from the
synchronization starting picture to the
synchronization completed picture and may be
multiplexed on a bitstream.

[0087]

In the present example, refresh is performed by
shifting an intra-coded segment from the left to the
right in a screen at uniform intervals without
overlapping. However, the present invention is not
limited to the above refresh, and a refresh
direction may be arbitrarily selected. For example,
refresh may be performed in an arbitrary direction,
such as from right to left, up to down, upper left
to lower right, from the center of a picture to left
and right, or along an eddy shape from the center of
a picture. In addition, the method of shifting an
intra-coded segment for refresh is arbitrary. A size
of the intra-coded segment may vary with respect to
respective pictures and the same area may be set as
the intra-coded segment two or more times during a
refreshing period. In addition, as known from the
description of gradual refresh described herein, the
present invention is not limited to refresh based on
intra-coded segments, and refresh may be performed

using an arbitrary method, such as a method of

31



CA 02876110 2014-12-09

limiting a prediction range of inter-picture
predictive coding.
[0088]

Although the display-enabled area is encoded as
offset values from the upper, lower, left and right
edges of a picture and is multiplexed on a bitstream
in the present example, the present invention is not
limited to the configuration in which the display-
enabled area is encoded as offset values from the
upper, lower, left and right edges of a picture, and
the display-enabled area may be encoded by using an
arbitrary expression method.

(0089]

RARlthough the display-enabled area information is
multiplexed according to the describing method of
the AVC described in Non Patent Literature 1, the
present invention is not limited toc use of the AVC,
and may be applicable to other video encoding
methods or to an arbitrary dimensional video
encoding method instead of the two dimensional video.
[0090]

In the present example, although the display-
enabled area is encoded as a set of rectangular
areas on a two dimensional image and is multiplexed
on a bitstream, the present invention is not limited
to the encoding of the display-enabled area as the
set of rectangular areas on the two-dimensional
image, and the display-enabled area may be encoded
by using an arbitrary expression method instead of
the set of rectangular areas or may be encoded as an
arbitrary dimensional area.

[0091]
The descripticn of the video encoding device of

the first exemplary embodiment of the present
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invention is ended now.
[0092]
(Second exemplary embodiment)

Fig. 8 is a block diagram of a video decoding
device according to a second exemplary embodiment of
the present invention. As illustrated in Fig. 8, the
video decoding device of the second exemplary
embodiment includes a demultiplexer 201, a video
decoder 202, a display-enabled area decoder 203, and
a video output controller 204. The present exemplary
embodiment is characterized in that the display-
enabled area decoder 203 that decodes and outputs
information of a display-enabled area in each
picture is provided, and the video output controller
204 that interprets the display-enabled area and
performs control such that a decoded image other
than the display-enabled area is not output is also
provided.

[0093]

The demultiplexer 201 demultiplexes a bitstream,
extracts a video bitstream and a display-enabled
area information bitstream, and supplies the video
bitstream to the video decoder 202, and supplies the
display-enabled area information bitstream to the
display-enabled area decoder 203.

[0094]

The video decoder 202 decodes the video
bitstream and supplies an obtained reconstructed
image to the video output controller 204.

(0095]

The display-enabled area decoder 203 decodes the
display-enabled area information bitstream and
supplies obtained display-enabled area information

to the video output controller 204.
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[0096]

The video output controller 204 controls such
that an image outside the display-enabled area
obtained from the display-enabled area decoder 203
is not displayed with respect to the reconstructed
image supplied from the video decoder 202, and
outputs a processing result as a decoded video.
[0097]

A video decoding process by the video decoding
device of the second exemplary embodiment will be
described below with reference to a flowchart of Fig.
9.

[0098]

In step S20001, the demultiplexer 201
demultiplexes a bitstream, extracts a video
bitstream and a display-enabled area information
bitstream, and supplies the video bitstream to the
video decoder 202, and the display-enabled area
information bitstream to the display-enabled area
decoder 203.

[0099]

In step 820002, the video decoder 202 decodes
the video bitstream and supplies an obtained
reconstructed image to the video output controller
204.

[0100]

In step 520003, when display-enabled area
information is associated with a picture, the
process proceeds to step S20004. When display-
enabled area information is not associated with the
picture, processing of step S20004 is skipped and
the process proceeds to step 520005.

[0101]
In step S20004, the display-enabled area decoder
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203 decodes the display-enabled area information
bitstream and supplies obtained display-enabled area
information to the video output controller 204.
[0102]

In step S20005, the video output controller 204
controls such that an image outside the display-
enabled area obtained from the display-enabled area
decoder 203 is not displayed with respect to the
reconstructed image supplied from the video decoder
202, and outputs a processing result as a decoded
video.

[0103]

In step S20006, when the bitstream decoded in
step 820002 corresponds to a final picture to be
decoded, video decoding is ended. In a case where
the bitstream does not correspond to the final
picture, the process returns to $20001.

(0104]

According to the above configuration, when
receiving and replaying a bitstream generated by
using gradual refresh in the middle thereof, the
video decoding device starts display partially
without obtaining a display-enabled area from a
prediction reference range by calculation, rather
than waits for decoding of a synchronization
completed picture, thereby reducing display delay.
This is because the video output controller 204 can
control such that an image outside the display-
enabled area 1is not output as a decoded video since
the video the decoding device receives information
defining a display-enabled area as a bitstream from
the video encoding device, and the demultiplexer 201
supplies the information to the display-enabled area

decoder 203.
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[0L05]

Now, the description of the video decoding
device of the second exemplary embodiment of the
present invention 1is ended.

[0106]
(Third exemplary embodiment)

Fig. 10 is a block diagram of a video encoding
device according to a third exemplary embodiment of
the present invention. As illustrated in Fig. 10,
the video encoding device of the third exemplary
embodiment is similar in that the same components is
included, but is different in that a control signal
is supplied to the display-enabled area encoder 103,
rather than the video encoder 101, as compared with
the video encoding device of the first exemplary
embodiment illustrated in Fig. 1. Since operations
of the refresh controller 102 and the multiplexer
104 among the components of the video encoding
device of the third exemplary embodiment are
identical to operations of those of the video
encoding device of the first exemplary embodiment, a
description will be given for remaining blocks below.
[C107]

The video encoder 101 performs encoding on each
of pictures constituting an input video and provides
a bitstream of the video to the multiplexer 104. 1In
addition, information related to an area in which
refresh is completed is supplied to the display-
enabled area encoder 103.

[0108]

The display-enabled area encoder 103 calculates
and encodes display-enabled area information based
on display-enabled area information supplied from

the refresh controller 102 and refresh completed
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area information supplied from the video encoder 101,
and supplies the display-enabled area information to
the multiplexer 104 as a display-enabled area
information bitstream.

[0109]

A video encoding process by the video encoding
device of the third exemplary embodiment is
represented by the flowchart of Fig. 2 like the
video encoding process by the video encoding device
of the first exemplary embodiment. In this case, a
description for a flow of the video encoding process
by the video encoding device of the third exemplary
embodiment will be omitted.

[0110]

According to the above configuration, an effect
is obtained in which a display-enabled area wider
than that of the video encoding device of the first
exemplary embodiment can be transferred to a video
decoding device. This is because in a case where
intra coding is eventually selected independently of
a control signal supplied from the refresh
controller 102 and thereby a display-enabled area is
generated by completing refresh in the video encoder
101, the display-enabled area encoder 103 can encode
a wider display-enabled area and supply the display-
enabled area to the multiplexer 104.

([0111]

Now, the description of the video encoding
device of the third exemplary embodiment of the
present invention is ended.

[0112]
(Fourth exemplary embodiment)
Fig. 11 is a block diagram of a video encoding

device according to a fourth exemplary embodiment of
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the present invention. As illustrated in Fig. 11,
the video encoding device of the fourth exemplary
embodiment is different in that a display-enabled
area encoding controller 105 is newly included as a
component thereof, as compared with the video
encoding device of the first exemplary embodiment
illustrated in Fig. 1. Since operations of the video
encoder 101, the refresh controller 102 and the
multiplexer 104 among the components of the video
encoding device of the fourth exemplary embodiment
are identical to operations of those of the video
encoding device of the first exemplary embodiment, a
description will be given for remaining blocks below.
[0113]

The display-enabled area encoding controller 105
supplies a control signal for controlling encoding
of display-enabled area information to the display-
enabled area encoder 103.

[0114)]

The display-enabled area encoder 103 encodes
information, of which the encoding is indicated by
the control signal supplied from the display-enabled
area encoding controller 105, among display-enabled
area information supplied from the refresh
controller 102 and supplies the information to the
multiplexer 104 as a display-enabled area
information bitstream.

[0115]

A video encoding process by the video encoding
device of the fourth exemplary embodiment will be
described below with reference to a flowchart of Fig.
12.

[0116]
In step S10001, the refresh controller 102
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provides control information defining a refresh
operation to the video encoder 101 and the display-
enabled area encoder 103.

[0117]

In step S10002, the video encoder 101 encodes
respective pictures of an input video and provides a
video bitstream thereof to the multiplexer 104.
[0118]

In step S10003, in a case where a picture to be
currently encoded is a picture between a
synchronization starting picture and a
synchronization completed picture, the process
proceeds to step S10007. In the case where a picture
to be currently encoded is not a picture from the
synchronization starting picture to the
synchronization completed picture, processing of
step S10007 and step S10004 is skipped and the
process proceeds to step S10005.

[0119]

In step S10007, when a current display-enabled
area 1s an area to be encoded, the process proceeds
to step S510004. Otherwise, processing of step $10004
is skipped and the process proceeds to step S10005.
[0120]

In step S10004, the display-enabled area encoder
103 encodes information defining a display-enabled
area of each picture, and outputs a bitstream
thereof to the multiplexer 104.

([0121]

In step 510005, the multiplexer 104 multiplexes
a video bitstream supplied from the video encoder
101 and a display-enabled area information bitstream
supplied from the display-enabled area encoder 103

and outputs the multiplexed bitstream as a bitstream.
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[0122]

In step S10006, when the bitstream output in
step S10005 corresponds to a final picture to be
encoded, video encoding is ended. In a case where
the bitstream does not correspond to the final
picture, the process returns to S10001.

(0123]

According to the above configuration, such
effect is obtained that a reduction in compression
efficiency of the video data can be relatively
suppressed when the video encoding device notifies
the video decoding device of a partial area where
display can be started before the synchronization
completed picture, in addition to the effect
obtained by the video encoding device of the first
exemplary embodiment. This is because a data amount
required to transfer the display-enabled area
information can be reduced since the display-enabled
area encoding controller 105 limits the display-
enabled area to be encoded.

[0124]

Now, the description of the video encoding
device of the fourth exemplary embodiment of the
present invention is ended.

[0125]

As 1t 1is obvious from the description of the
exemplary embodiments of the present invention, the
present invention may be realized by hardware, or a
computer program.

[0126]

An information processing system illustrated in
Fig. 13 includes a processor 1001, a program memory
1002, and storage mediums 1003 and 1004. The storage

medium 1003 and the storage medium 1004 may be
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separate storage media, or storage areas included in
the same storage medium. As the storage medium, a
magnetic storage medium such as a hard disk can be
used as the storage medium.

[0127]

In the information processing system illustrated
in Fig. 13, the program memory 1002 stores programs
for implementing the functions of the respective
blocks illustrated in Fig. 1, Fig. 8, Fig. 10, and
Fig. 11. The processor 1001 performs processes
according to the program stored in the program
memory 1002 to implement the functions of the video
encoding device or the video decoding device
illustrated in Fig. 1, Fig. 8, Fig. 10, and Fig. 11.
[0128]

Part or all of the aforementioned exemplary
embodiments can be described as Supplementary notes
mentioned below, but the structure of the present
invention is not limited to the following structures.
[0129]

(Supplementary note 1)

A video encoding device comprising: video
encoding means for encoding image data of an input
moving image based on prediction and generating a
video bitstream of encoded pictures; refresh control
means for refreshing such that a partial area in the
picture is assumed as a unit area to be refreshed
and the unit area to be refreshed is moved on a
picture-by-picture basis; display-enabled area
encoding means for encoding a display-enabled area
for each picture in refreshing and generating a
display-enabled area information bitstream; and
multiplexing means for multiplexing a video

bitstream and the display-enabled area information
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bitstream.
[(0130]
(Supplementary note 2)

The video encoding device according to
Supplementary note 1, wherein the display-enabled
area encoding means generates the display-enabled
area information bitstream by using a difference
between a display-enabled area in a picture to be
encoded and a display-enabled area in a picture
encoded in the past.

[0131]
(Supplementary note 3)

The video encoding device according to
Supplementary note 1 or 2, further comprising
display-enabled area encoding control means for
controlling whether to encode the display-enabled
area, wherein the display-enabled area encoding
means selects and encodes a display-enabled area
which is determined to be encoded by the display-
enabled area encoding control means.

[0132]
(Supplementary note 4)

The video encoding device according to any one
of Supplementary notes 1 to 3, wherein the refresh
control means performs refresh by intra coding.
[0133]

(Supplementary note 5)

The video encoding device according to any one
of Supplementary notes 1 to 4, wherein the refresh
control means shifts a unit area to be refreshed
within a prediction limitation range configured by a
plurality of pictures, and the video encoding means
excludes a predicted value by intra-picture

prediction or inter-picture prediction which is
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beyond the prediction limitation range when
performing encoding based on prediction.
[0134]

(Supplementary note 6)

A video decoding device comprising:
demultiplexing means for demultiplexing a bitstream
including video data and a bitstream including
display-enabled area information in an image to be
decoded; video decoding means for decoding the
demultiplexed video bitstream based on prediction
and generating image data; video cutput control
means for limiting an output area of the image data
based on the demultiplexed display-enabled area
information; and display-enabled area decoding means
for decoding the demultiplexed display-ecnabled area
information bitstream according to a predetermined
method and extracting at least a part of the
display-enabled area information.

[0135]
(Supplementary note 7)

The video decoding device according to
Supplementary note 6, wherein the display-enabled
area information bitstream includes at least a
difference between a display-enabled area in a
picture to be decoded and a display-enabled area in
a picture decoded in the past, and the display-
enabled area decoding means extracts the difference
between the display-enabled area in the picture to
be decoded and the display-enabled area in the
picture decoded in the past from the display-enabled
area information bitstream and obtains a display-
enabled area in the picture to be decoded.

[0136]
(Supplementary note 8)
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A video encoding method comprising: encoding
image data of an input moving image based on
prediction and generating a video bitstream of
encoded pictures; refreshing such that a partial
area in the picture is assumed as a unit area to be
refreshed and the unit area to be refreshed is moved
on a picture-by-picture basis; encoding a display-
enabled area for each picture and generating a
display-enabled area information bitstream in
refreshing; and multiplexing the videoc bitstream and
the display-enabled area information bitstream.
[0137]

(Supplementary note 9)

The video encoding method according to
Supplementary note 8, further comprising generating
the display-enabled area information bitstream by
using a difference between a display-enabled area in
a picture to be encoded and a display-enabled area
in a picture encoded in the past.

[0138]
(Supplementary note 10)

The video encoding method according to
Supplementary note 8 or 9, further comprising
controlling whether to encode the display-enabled
area, and selecting and encoding a display-enabled
area which is determined to be encoded by the
control.

[0139]
(Supplementary note 11)

The video encoding method according to any one
of Supplementary notes 8 to 10 further comprising
refreshing by intra coding when picture refresh is
performed.

[0140]
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(Supplementary note 12)

The video encoding method according to any one
of Supplementary notes 8 to 11, wherein, when
picture refresh is performed, shifting a unit area
to be refreshed within a prediction limitation range
configured by a plurality of pictures, and excluding
a predicted value by intra-picture prediction or
inter-picture prediction which is out of the
prediction limitation range when performing encoding
based on prediction.

(0141}
(Supplementary note 13)

A video decocding method comprising:
demultiplexing a bitstream including video data and
a bitstream including display-enabled area
information in an image to be decoded; decoding the
demultiplexed video bitstream based on prediction
and generating image data; limiting an output area
of the image data based cn the demultiplexed
display-enabled area information; and decoding the
demultiplexed display-enabled area information
bitstream according to a predetermined method and
extracting at least a part of the display-enabled
area information.

[0142]
(Supplementary note 14)

The video decoding device according to
Supplementary note 13, further comprising extracting
a difference between a display-enabled area in a
picture to be decoded and a display-enabled area in
a picture decoded in the past from the display-
enabled area information bitstream including at
least the difference between the display-enabled

area in the picture to be decoded and the display-
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enabled area in the picture decoded in the past and
obtaining a display-enabled area in the picture to
be decoded.

([0143]

(Supplementary note 15)

A video encoding program which causes a computer
to perform: a video encoding process of encoding
image data of an input moving image based on
prediction and generating a video bitstream of
encoded pictures; a refresh control process of
refreshing such that a partial area in the picture
is assumed as a unit area to be refreshed and the
unit area to be refreshed is moved on a picture-by-
picture basis; a display-enabled area encoding
process c¢f encoding a display-enabled area for each
picture and generating a display-enabled area
information bitstream in refreshing; and a
multiplexing process of multiplexing a video
bitstream and the display-enabled area information
bitstream.

[0144]
(Supplementary note 16)

The video encoding program according to
Supplementary note 15, wherein in the display-
enabled area encoding process, the computer is
caused to perform generating the display-enabled
area information bitstream by using a difference
between a display-enabled area in a picture to be
encoded and a display-enabled area in a picture
encoded in the past.

[0145]
(Supplementary note 17)
The video encoding program according to

Supplementary note 15 or 16, wherein the computer is
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caused to perform the display-enabled area encoding
control process of controlling whether to encode the
display-enabled area, and in the display-enabled
area encoding process, to perform selecting and
encoding a display-enabled area which is determined
to be encoded in the display-enabled area encoding
control process.

[0146]

(Supplementary note 18)

The video encoding program according to any one
of Supplementary note 15 to 17, wherein in the
refresh control process, the computer is caused to
perform refresh by intra coding.

[0147]
(Supplementary note 19)

The video encoding program according to any one
of Supplementary note 15 to 18, wherein in the
refresh control process, the computer is caused to
perform shifting a unit area to be refreshed within
a prediction limitation range configured by a
plurality of pictures, and in the video encoding
process, to perform excluding a predicted value by
intra-picture prediction or inter-picture prediction
which is out of the prediction limitation range when
encoding is performed based on prediction.

[0148]
(Supplementary note 20)

A video decoding program which causes a computer
to perform: a demultiplexing process of
demultiplexing a bitstream including video data and
a bitstream including display-enabled area
information in an image to be decoded; a video
decoding process of decoding the demultiplexed video

bitstream based on prediction and generating image
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data; a video output control process of limiting an output area
of the image data based on the demultiplexed display-enabled
area information; and a display-enabled area decoding process
of decoding the demultiplexed display-enabled area information
bitstream according to a predetermined method and extracting at

least a part of the display-enabled area information.
[0149]
(Supplementary note 21)

The video decoding program according to
Supplementary note 20, wherein in the display-enabled area
decoding process, the computer is caused to perform extracting
a difference between a display-enabled area in a picture to be
decoded and a display-enabled area in a picture decoded in the
past frem the display-enabled area information bitstream
including at least the difference between the display-enabled
area in the picture to be decoded in display-enabled area and
the display-enabled area in the picture decoded in the past,
and obtaining a display-enabled area in the picture to be

decoded.
[0150]

While the present invention has been described with
reference to the exemplary embodiments and examples, the
present invention is not limited to the aforementioned
exemplary embodiments and examples. Various changes
understandable to those skilled in the art within the scope of
the present invention can be made to the structures and details

of the present invention.
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Reference Signs List

[0151]

101 Video encoder

102 Refresh controller

103 Display-enabled area encoder

104 Multiplexer

105 Display-enabled area encoding controller
201 Demultiplexer

202 Video decoder

203 Display-enabled area decoder

204 Video output controller
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CLAIMS:

1. A video decoding device comprising:

demultiplexing means for demultiplexing a video
bitstream including video data of an encoded slice,
Supplemental-Enhancement-Information having first information
indicating a leading picture in gradual refresh, and
Supplemental-Enhancement-Information having second information
indicating segments where a refresh has completed in a current

picture;

extracting means for extracting said second
information from a message which is part of the demultiplexed

Supplemental-Enhancement~-Information; and

video decoding means for decoding image data from the
demultiplexed video bitstream by using at least inter

prediction,

wherein said video decoding means starts decoding

based on the leading picture in gradual refresh.
2. A video decoding method comprising:

demultiplexing a video bitstream including video data
of an encoded slice, Supplemental-Enhancement-Information
having first information indicating a leading picture in
gradual refresh, and Supplemental-Enhancement-Information
having second information indicating segments where a refresh

has completed in a current picture;

extracting said second information from a message

which is part of the demultiplexed Supplemental-Enhancement-

50
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Information; and

decoding image data from the demultiplexed video

bitstream by using at least inter prediction,

wherein said decoding is started based on the leading

plcture in gradual refresh.

3. A computer readable medium storing a video decoding
program comprising executable instructions which causes a

computer to perform:

a demultiplexing process of demultiplexing a video
bitstream including video data of an encoded slice,
Supplemental-Enhancement-Information having first information
indicating a leading picture in gradual refresh, and
Supplemental~Enhancement-Information having second information
indicating segments where a refresh has completed in a current

picture;

an extracting process of extracting said second
information from a message which is part of the demultiplexed

Supplemental-Enhancement-Information; and

a video decoding process of decoding image data from
the demultiplexed video bitstream by using at least inter

prediction,

wherein said video decoding process is started based

on the leading picture in gradual refresh.

51
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FIG. 2
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FIG. 4
partial_recovery( payloadSize ) { C | Descriptor
recovery_starting_poc_cnt 5 [ue(v)
partial_recovery_cnt_minus1 5 [ue(v)
for(i=0; i <= partial_recovery_cnt_minus1; i++ ) {
exact_match_flag[i] 5 |uw(1)
recovery_rect_left_offsetfi] 5 |ue(v)
recovery_rect_right_offset[i] 5 |ue(v)
recovery_rect_top_offset[i] 5 |ue(v)
recovery_rect_bottom_offset[i] 5 |[ue(v)
}
}
FIG. 5
partial_recovery_update( payloadSize ) { C | Descriptor
partial_recovery_ref_poc_cnt 5 |ue(v)
for( i=0; i <= partial_recovery_cnt_minust; i++ ) {
if( RefRecvRectLeft[i] > 0 ) {
recovery_rect_left_offset_decrfi] 5 |[ue(v)
}
if( RefRecvRectRight[i] < PicWidthInSamples -1 ) {
recovery_rect_right_offset_decrfi] 5 |ue(v)
}
if( RefRecvRectTopli} > 0 ) {
recovery_rect_top_offset_decri] 5 |ue(v)
}
if( RefRecvRectBottom[i] < PicHeightinSamples -1 ) {
recovery_rect_bottom_offset_decr]i] 5 [ue(v)
}
}
}
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FIG. 6

recovery_point( payloadSize ) { C | Descriptor
recovery_frame__cnt 5 [ue(v)
exact_macth_flag 5 Ju(1)
broken_link_flag 5 ju(1)
changing_slice_group_idc 5 u(2)
partial_recovery_info_present_flag 5 Ju(1)
if( partial_recovery_info_present_flag ) {
partial_recovery_cnt_minus1 5 |ue(v)
for( i=0; i <= partial_recovery_cnt_minus1; i++ ) {
exact_macth_flag]i] 5 [u(1)
recovery_rect_reft_offsetfi] 5 |ue(v)
recovery_rect_right_offset]i] 5 |ue(v)
recovery_rect_top_offset]i] 5 |ue(v)
recovery_rect_bottom_offset[i] 5 [ue(v)
}
}
}
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FIG. 7

recovery_point( payloadSize ) { C | Descriptor
recovery _frame__cnt 5 [ue(v)
exact_macth_flag 5 Ju(1)
broken_link_flag 5 tu(1)
changing_slice_group_idc 5 [u(2)
partial_recovery_info_present_flag 5 [u(1)
if( partial_recovery_info_present_flag ) {
partial_recovery_cnt_minus1 5 |ue(v)
for( i=0; i <= partial_recovery_cnt_minus1; i++ ) {
exact_macth_flag[i] 5 lu(1)
recovery_rect_reft_offset[i] 5 |ue(v)
recovery_rect_right_offset[i] 5 |ue(v)
recovery_rect_top_offset[i] 5 |ue(v)
recovery_rect_bottom_offset[i] 5 |ue(v)
partial_recovery_update_info_present_fiag[i] 5 {u(1)
if( partial_recovery_update_info_present_flag(i] ) {
if( recovery_rect_left_offset[i] > 0 ) {
recovery_rect_left_offset_decrfi] 5 |ue(v)
}
if( recovery_rect_right_offset[i] > 0 ) {
recovery_rect_right_offset_decrfi] 5 |ue(v)
}
if( recovery_rect_top_offset[i] > 0 ) {
recovery_rect_top_offset_decri] 5 [ue(v)
}
if( recovery_rect_bottom_offset[i] > 0 ) {
recovery_rect_bottom_offset_decr]i] 5 |ue(v)
}
}
}
}
)
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FIG. 9
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FIG. 12
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FIG. 16
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FIG. 17
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