DESCRIPTION Title of Invention: IMAGE SIGNAL DECODING APPARATUS, IMAGE SIGNAL
DECODING METHOD, IMAGE SIGNAL ENCODING APPARATUS, IMAGE SIGNAL ENCODING
METHOD, AND PROGRAM Technical Field [0001] The present invention relates to an image
signal decoding apparatus, an image signal decoding method, an image signal encoding apparatus,
an image signal encoding method, and a program, and more specifically, to an image signal decoding
apparatus, an image signal decoding method, an image signal encoding apparatus, an image signal
encoding method, and a nrogram that allow easy detection of picture boundaries of a Dependent
stream on a bit stream. Background Art [0002] In recent years, apparatuses complying with
schemes for compression based on an orthogonal transform such as a discrete cosine transform and
motion compensation, such as MPEG, by utiizingmedundancy specific to image information for the
purpose of realizing high-efficiency transmission and accumulation of information have been
increasingly prevalent for use in both distribution of information from broadcast stations or the like and
receipt of information atgenesateensumer homes. [0003] In particular, MPEG2 (ISO/IEC 13818-2)
is defined as a general-purpose |mage encodm scheme, and is a standard that covers both interlaced

scanned imageS ARt Fragressiie Raine ﬁﬁ%@e@aaﬂ%ﬁ%éé%&?d@%‘iﬁ%n images and

high-definition iaages, wiighdsJrawwidalydised fapawide varieiysf appheations including

professional applications and consumer applications.
ENCODING METHOD, AND PROGRAM

Technical Field
(00013

The present invention relates to an image signal
decoding apparatus, an imags signal decoding method, an
image signal encoding apparatus, an image signal encoding
method, and a program, and mores specifically, to an image
signal decoding apparatus, an image signal decoding methed,
an image signal encoding apparatus, an image signal encoding
method, and a program that allow easy detection of picture
boundaries of a Dependent stream on a biit stream.
Background Art
(00021

In recent years, apparatuses complying with schemes for
compression based on an orthogonal transform such as a
discrete cosine transform and motion compensation, such as
MPEG, by utilizing redundancy specific to image information
for the purpese of realizing high-efficiency transmission

nd accumulation of information have been increasingly



[0004]  With the use of MPEGZ2, a high compression ratio and high quality implementation of images
is feasible by, for example, assigning a code rate (bit rate) 4 to 8 Mbps to a standard-definition "
interlaced scanned image having 720x480 pixels. In addition, a high compression ratio and high
guality implementation of images is feasible by assigning a code rate of 18 to 22 Mbps to a
high-definition interlaced scanned image having 1920x1088 pixels. [0005] MPEG2 has been
intended primarily for high-quality encoding suitable for broadcasting, but has not supported encoding
schemes of a lower code rate, that is, a higher c_orgwp_ression ratio, than that of MPEG1. -3 [0006] With
the increase in popularity of mobile terminals, the demand for such encoding schemes will increase in
the future. To meet the demand, the MPEG4 encoding scheme was standardized. As to image

encoding schemes;dhenlS@HE Csk4490+2 standard ywas approvedhas.an intesnatigpal standard in
December 1998. [0007] Furthermore, a. standard called H.264/AVC (MPEG-4 part 10, ISO/IEC
14496-10 [ ITUETRZ8A i bidd Sandardizdt ke and receipt of information at

general consumer homes.
[0003]

In particular, MPEGZ (ISO/IEC 13818-2) is defined as a
general-purpose image encoding scheme, and is a standard
that covers both interlaced scanned images and progressive
scanned images as well as standard-definition images and
high-cdefinition images, which is now widely used for a wide
variety of applications including professional applications
and consumer applications.

100043

With the use of MPEGZ, a high compression ratio and
high quality implementation of images is feasible by, for
example, assigning & code rate (bit rate) 4 to B Mbps to =
standard-definition interlaced scanned image having 720x480
pixels. In addition, a high compression ratio and high
quality implementation of images is feasible by assigning a
code rate of 18 to 22 Mbps to a high-definition interlaced
scanned image having 1%20x1(88 pixels.

[0005]

MPEGZ has been intended primarily for high-guality
encoding suitable for broadeasting, but has not supported
enceding schemes of a lower code rate, that i1s, a higher

compression ratio, than that of MPEGL.



The standard is developed by an organization named JVT (Joint Video Team) jointly established by
ITU-T and ISO/IEC to promote standardization of video encoding. [0008) It is known that "
H.264/AVC requires a larger amount of computation for its encoding and decoding than conventional
encoding schemes such as MPEG2 and MPEGA4, but makes a higher encoding efficiency feasible.
[0009] [3.204/AVG]  Fig. 1is a block diagram illustrating an example configuration of an image
information encoding apparatus that implements image compression based on an orthogonal
transform such as a discrete cosine transfosu or a KarhunenLoeve transform and motion
compensation. -4 [0010] 1 denotes an A/D conversion unit, 2 denotes a screen rearrangement
buffer, 3 denotes an adder unit, 4 denotes an orthogonal transform unit, 5 denotes a quantization unit,
6 denotes a losslesssgncoding unit, 7 denotes an accumulation buffer, 8 denotes a dequantization unit,
9 denotes an inverse orthogonal transform unit, 10 denotes a frame memory, 11 denotes a motion
prediction/compensalibiPunit® atitF I23déndtesParaté contréFuft>foc1 fprminals,

the demand for such encoding schemes will increase in the
future. To meet the demand, the MPEG4 encoding schems was
standardized. As to image éncoding schemes, the IS0/IEC
144%6~2 standard was approved as an international standard
in December 1998.

[aoe7)

Furthermore, a standard called H.264/AVC (MPEG-4 part
10, I80O/IEC 14496-10 | ITU-T H.Z264) is also standardized.
The standerd is developed by an organization named JvT
{Joint Video Team) Jjointly esﬁablished by ITU-T and ISO/IEC
to promote standardization of videeo encoding.

(00083

it is known that H.264/AVC reguires a larger amount of
computation for its encoding and decoding than conventicnal
encoding schemes such as MPEGZ and MPEG4, but makes a higher
enceding efficiency feasible.

10002)
[H.264/AVC]

Fig. 1 is a block diagram illustrating an example
configuration of an image information encoding apparatus
that implements image compression based on an orthogonal
transform such as & discrete cosine transform or a Karhunen-

Logéve transform and motion compensation.



An image signal that is input is first converted into a digital signal by the A/D conversion unit 1. [0012]
Then, frames are rearranged by the screen rearrangement buffer 2 in accordance with the GOP
(Group of Pictures) structure of image compression information that is output. [0013]  For an image
to be subjected to intra-encoding, image information about the entire frames is input to the orthogonal
transform unit 4, where an orthogonal transform such as a discrete cosine transform or a
Karhunen-Loeve transform is performed. [0014] A transform coefficient that is the output of the
orthogonal transform coefficient 4 is subjected to guantization processing by the quantization unit 5.
10015] A quantized transform coefficient that is the output of the quantization unit 5 is input to the
lossless encoding unit 6, where lossiess coding such as variable length coding or arithmetic coding is
performed. Thereafter, the resulting transform coefficient is accumulated in the accumulation buffer 7,
and is output as ima%e compression i/nformation. The behavior operation of the quantization unit 5 is

controlled by the rate cOtFoI it 12>{0018} ¥ = Siffultansously St GliahtideiFfAnsform coefficient
that is the output of thaguantizationdmit 5 isdnptit 0 thesdaguantization ypitd..and.is in addition

subjected to inverse orthogonal transform processing by the inverse orthogonal transform unit 9 into
decoded imagé TforAtfon ST RRSnTGMnEtion is AdEimtiateéd B iHé frame métfoly 10. [0017)  An
image to be subjectegstasintesencading-sdirsy input fromdhessereemnrearangement buffer 2 to the
motion prediction/compensation unit 11.
buffer, 8§ denotes a dequantization unit, 9 denotes an
inverse orthogonal transform unit, 10 denoteas a frame memory,
11 denctes a motlon prediction/compensation unit, and 12
denotes a rate control unit.
(00111
An image signal that is input is first converted into a
digital signal by the A/D conversion unit 1.
[coiz)
Then, frames are rearranged by the scresen rearrangement
buffer 2 in accordance with the GOP {Group of Pictures)
structure of image compression information that is output.
[0013)
For an image tc be subjected to intra-encoding, image
information about the entirs frames is input to the
orthogonal transform unit 4, where an orthogonal transform
such as a discrete cosine transform or a Karhunen-Loéve
transform is performed.
i0014]
A transform coefficient that is the output of the

orthogonal transform coefficient 4 is subjected to



[0018] Simultaneously, image in ormation to be referred to is retrieved from the frame memory 10,
and is subjected to motion prediction/compensation processing. Reference image informationis
generated. [0019] The reference image information is sent to the adder unit 3, and is converted here
into a difference signal between the reference image information and the image information. [0020]
The motion compensation/prediction unit 11 simultaneously outputs motion vector information to the
lossless encoding unit 6. The motion vector information is subjected to lossless coding processing
such as variable length coding or arithmetic coding, and is inserted in the header portion of the image
compression information. Other processing is similar to that for the image compression information to
be subjected to intra-encoding. [0021]  Fig. 2 is a block diagram illustrating an example

configuration of,an-image informatiendecoding-appakatis. 10022 21, denotes an accumulation buffer,
22 denotes a lossless encoding/decoding unit, 23 denotes a dequantization unit, 24 denotes an

inverse orthogdr?é’ljt?énsform unit, 25 denotes an adder unit, 26 denotes a. screen rearrangement

buffer, 27 denotes a D/A.canversion.unit;28.dengtes a frame memary, and,29 dengtes a motion

prediction/compensation unit.
the guantization unit 5 is input to the lossless encoding

unit 6, where lossless coding such as variable length coding
or arithmetic coding i1s performed. Thereafter, the
resulting transform coefficient is accumulated in the
accumulation bufifer 7, and is output as image compression
information.- The behavior operation of the guantization
unit 5 is controlled by the rate control unit 12.

[0016]

Simultaneously, the quantized transform coefficient
that is the output of the guantization unit 5 is input to
the deguantization unit 8, and is in addition subjected to
inverse orthogonal transform processing by the inverse
ortheogonal transform unit 2 into decoded image information.
The information ls acéumulated in the frame memory 10.
ooxm)

An image to be subjscted to inter-encoding is first
input from the screen rearrangement buffer 2 to the motion
prediction/compensation unit 11.

[0018]

Simultansously, image information to be réferred to is

retrieved from the frame memory 10, and is subjected to

moticn prediction/compensation processing. Reference image



[0023] Image compression information (bit stream) that is input is first stored in the accumulation
buffer 21, and is thereafter transferred to the lossless encoding/decoding unit 22. [0024]  In the
lossless encoding/decoding unit 22, processing such as variable length decoding or arithmetic
decoding is performed in accordance with a determined image compression information format. [0025]
Simultaneously, if the frame is an inter-encoded frame, the lossless encoding/decoding unit 22 also
decodes motion vector information stored in the header portion of the image compression information,
and outputs the information to the motion predictign/compensation unit 29. [0026] A quantized
transform coefficient that is the output of the lossless encoding/decoding unit 22 is input to the
dequantization unit 23, and is here output as a transform coefficient. [0027]  The transform
coefficient is subjertedttocan iaverse: osthagonal transform such as an inverse discrete cosine

transform or a:lhb \{grse Karhunen-Loeve transform by the inverse orthogonal transform unit 24 in
accordance with a étermined image compression information format.
The reference image information is sent to the adder

anit 3, and is converted here into a difference signal
between the reference image information and the image
information.

{00201

The motion compensation/prediction unit 11
simeltansously outputs motion wvector information to the
lcssless encoding unit 6. THe metion vector information is
subjected to lossless coding processing such as variable
length coding or arithmetic coding, and i1s inserted in the
header portion of the image compresszicn information. Other
processing is similar to that for the inmage compression
information te be subjected to intra-encoding.

(o021

Fig. 2 is a block diagram illustrating an example
configuration of an image information decoding apparatus.
[oo022]

21 denotes an accumulation buffer, 22 denotes a
lossless encoding/decoding unit, 23 denotes a dequantization
unit, 24 denoctes an inverse orthogonal transform unit, 25
denotes an adder unit, 26 denotes a screen rearrangement
buffer, 27 denotes a D/A conversion unit, 28 denctes a frame

memory, and 29 denotes a motion prediction/compensaticn unit.



[0028] In a case where the frame is an intra-encoded frame, image information subjected to inverse
orthogonal transform processing is stored in the screen rearrangement buffer 26, and is output after
D/A conversion-processing. [0029]  In a case where the frame is an inter-encoded frame, a
reference image is generated based on the motion vector information subjected to lossless decoding
process and the image information stored in the frame memory 28. The reference image and the
output of the inverse orthogonal transform unit 24 are combined by the adder unit 25. Other
processing is similar to that for the intra-encoded frame. [0030] = The AVC standard developed by
the JVT described previously is a hybrid coding scheme formed of motion compensation and a
discrete cosine transform, like MPEG2 or MPEC4. [0031] A discrete cosine transform may be an
integer transfor@pgproximating a real discrete cosine transform. Although detailed schemes are
different such as the_transform methaqd of,thg discrete cosine transform peing a method that uses an
integer coefficient with & 2x4°Block sizé of the biock Size n %5ﬁ5%a§6m%he%“s§tfon being variable, the
basic scheme is:similakta that-okthe-encodingeseheme: impiementedawithithe=ganfiguration in Fig. 1.
[0032] Meanwhile, in recent years, wjth the advancement of stereoscopic image capture and
display technologies” §tiidies 6 A extensidn8F H: 264/AVT 16 SHedding 6P Sté¥eoscopic image signals
have been aduaticed.00331  Standardization of MVC (Multiview Video Coding) that allows
encoding of multi-viewpoint images captured using a plurality of image capture apparatuses is
developed. 24]

In the lossless encoding/decoding unit 22, processing

such as variable length deceding or arithmetic decoding is
performed in accordance with a determined image compression
information format.

{00253

Simultansously, 1f the frame is an inter-encoded frame,
the lossless encoding/decoding unit 22 also decodes moticon
vector information stored in the header portion of the image
compression information, and outputs the information to the
motion prediction/compensation unit 29.

[0026]

A guantized transform coefficient that is the output of
the lossless encoding/descoding unit 22 is input to the
deguantization unit 23, and is here cutput as a transform
cogfficient.

{0027}

The transform coefficlent is subiected to an inverse

orthogonal transfcrm such as an inverse discrete cosine

transform or an inverse Karhunen-Loeve transform by the



[0034] Animage that is assumed to be captured and displayed from two viewpoints is called a
stereo image. A naked-eye stereo display is capable of supporting multi-viewpoint display. [0035)
While the following description will be given of, mainly, a two-viewpoint stereo image by way of
example, application to multi-viewpoint images obtained from three or more viewpoints in a similar
manner can be made. [0036] [MVO) - 10-  Fig. 3 is a diagram illustrating a multi-viewpoint
encoding apparatus. [0037] In a multi-viewpoint encoding apparatus 41, video signals supplied from
two image capture apparatuses, that is, image capture apparatuses 31 and 32, are encoded, and bit
streams generated by encoding are output. The bit streams composed of data of two-viewpoint images
may be multiplexed into a single stream which is output, or may be output as two or more bit streams.

[0038] inverse orthogonal transform unit 24 in accordance with a
determined image compression information format.
[0028]

Iin a case where the frame is an intra-encoded frame,
image information subjected to inverse orthogonal transform
processing is stored in the screen rearrangement buffer 26, -
and is cutput after D/A conversion processing.

(00291

In a case where the frame is an inter-encoded frame, a
reference image is generated based on the motion vector
information subjected to lossless decoding process and the
image information stored in the frame memcry Z8. The
reference image and the output of the inverse orthogonal
transform unit 24 are combined by the adder unit 25. Other
processing is similar to that for the intra-encoded frame.
[0030]

The AVC standard developed by the JVT described
previously is & hybrid coding scheme formed of motion
compensation and & discrete cosine transform, like MPEGZ or
MPEG4.

[0031]

A discrete cosine transform may be an Integer transform
approximating a real discrets cesine transform. Although
detailed schemes are different such as the transform method

of the discrete cesine transform being a method that uses an



Fig. 4 is a block diagram illustrating an example configuration of the multi-viewpoint encoding
apparatus 41 in Fig. 3. [0039] In the multi-viewpoint encoding apparatus 41, a one-viewpoint image
among multi-viewpoint images is encoded as a Base stream, and the other images are encoded as
Dependent streams. [0040] In the case of a stereo image, one image out of an L image
(left-viewpoint image) and an R image (right-viewpoint image) is encoded as a Base stream, and the
other image is encoded as a Dependent stream. [0041] The Base stream is a bit stream similar to
an existing AVC bit stream encoded using H.264 A\.C/High Profile or the like. Therefore, the Base
stream becomes a stream that can be decoded using an existing AVC decoder supporting H.264
AVC/High Profile. [0042] Images to be encoded as a Base stream are input to a rearrangement
buffer 51, and aresgarrangéd:iniam ordetisuitable forencading as | pietures; P pictares, and B
pictures. The rearrang ed images are outp ut to a video encodln |t 52.[0043] .
in mot o1 com ensatlon being varlable, tn 551ﬁ chemne is
similar to that of the encoding scheme inmplemented with the
configuration in Fig. 1.
(0032}
Meanwhile, 1in recent vears, with the advancement of
sterecscopic image capture and display technologies, studies
on an extension of H.264/AVC to encoding of stereoscopic
image signals have been advanced.
[0033]
Standardization of MVC {(Multiview Video Coding) that
allows encoeding of multi-viewpoint images captured using a
plurality cof image capturs apparatuses ls developed.
[0034]
An image that is assumed to be captured and displayed
from two viewpolnts is called a sterec ilmage. A naked-eye
sterec display is capable of supporting multi-viewpoint
display.
[0035]
Wnile the following description will be given of,
mainly, a& two-viewpoint stereo image by way of example,
application to multi-viewpoint images obtained from three ox
more viewpoints in & similar manner can be made.
[0036]

[MVC]



The video encoding unit 52 has a similar configuration to the image information encoding apparatus in
Fig. 1. In the video encoding unit 52, for example, encoding is performed in compliance with H.264
AVC/High Profile, and a resulting bit stream is output to a multiplexing unit 57. In addition, a local
decoded image is saved in a frame memory 53, and is used as a reference image for encoding the
next picture or a picture in the Dependent stream. [0044] In the meantime, images to be encoded
as a Dependent stream are input to a rearrangement buffer 54, and are rearranged in an order
suitable for encoding as | pictures, P pictures, and B pictures. The rearranged images are - 12 -
output to a dependent stream encoding unit 55. [0045] In the dependent stream encoding unit 55, in
addition to normal AVC encoding, encoding using, as a reference image, a local decoded image in the
Base stream stored i a.frame meniery-53 is Perfanned; and abit streameisiautput to the multiplexing
unit 57. In addgirg:)no,(jtprg Iogalgleﬁgou%ed image is saved in the frame memory 56, and is used as a
reference image for ér‘l%oo"i’ﬁg]iﬁé next picture. [0046]  In the multiplexing unit 57, the Base stream
and the Depengartrstream are multiplexed into a single bit stream which is output. The Base stream
and the Dependent stream may be output as separate bit streams. ,
In a multi-viewpolint encoding apparatus 41, video

signals supplied from twoe image capture apparatuses, that is,

image capture apparatuses 31 and 32, are encceded, and bit

streams generated by encoding are cutput. The bit streams

cemposed of data of two-viewpoint imagss may be multiplexed

into a single stream which is output, or may be ocutput as

Lwo or more bit streams.

10038]

Fig. 4 is a block diagram illustrating an example

configuration of the multi-viewpeint encoding apparatus 41

in Fig. 3.

¥z}

[0039]

In the multi-viewpoint encoeding apparatus 41, a one-
viewpoint image among multi~viewpoint images is encoded as a
Base stream, and the other images are enccocdad as Dependent
streams.

[0040]

In the case of a stersoc image, one image out of an L
image {left-viewpoint image) and an R image (right-viewpoint
image) is encoded as a Base stream, and the other image is
encoded as a Dependent strean,

[0041]



[0047]  Fig. 5is a diagram illustrating an example of an MVC reference image. [0048] A Base
stream is encoded by performing only prediction in the time direction in a manner similar to that in
normal AVC. [0049] A Dependent stream is encoded by performing, in addition to prediction in the
time direction within a same-viewpoint image, which is similar to that in normal AVC, - 13 - prediction
using an age in the Base stream that is obtained at the same time point as a reference image. Even in
a case where prediction in the time direction cannot be suitably performed, the capability of referring to
an other-viewpoint image obtained at the same _time point can improve encoding efficiency. [0050] Fig.
.6 is a block diagram illustrating the configuration of the video encoding unit 52 in Fig. 4 that generates
a Base stream, and the frame memory 53.
The Base stream 1s a bit stream similar to an existing

AVC bit stream encoded using H.264 AVC/High Profile or the
like. Thereiore, the Base stream becomes a stream that can
be deccded using an existing AVC decoder supporting H.Z64
AVC/High Profile.

15042]

Images to be encoded as & Base stream are input to a
rearrangement buffer 51, and are rearranged in an order
suitable for encoding as 1T pictures, P pilctures, and B
pictures. The rearranged images are oubtput fto a video
encoding unit 52.

[0043]

The video encoding unit 52 has & similar configuration
to the image information encoding apparatus in Fig. 1. In
the videc encoding unit 2, for example, encoding is
performed in compliance with H.264 AVC/High Profile, and a
resulting bit stream is output to & multiplexing unit 57.
In addition, a local decoded image is saved in a frame
memory 53, and is used as a refersnce image for encoding the
next picture or a pilcture in the Dependent stream.

(0044}

In the meantime, images to be encoded as a Dependent
stream are input to a rearrangsment buffer 54, and are
rearranged in an order suitsble for enceding as I pictures,

P pictures, and B pictures. The rearranged images are



[0051] The configuration illustrated in Fig. 6 is similar to the configuration of the image information
encoding apparatus in Fig. 1, except for the point that an image saved in the frame memory 53 is
referred to by the dependent stream encoding unit 55. [0052] Fig. 7 is a block diagram illustrating the
configuration of the dependent stream encoding unit 55 in Fig. 4 that generates a Dependent stream,
and the frame memory 56. [0053]  The configuration illustrated in Fig. 7 is similar to the
configuration of the image information encoding apparatus in Fig. 1, except for the point that an image
- 14 - saved in the frame memory 53 can be referyed_to. A

output to a dependent stream encoding unit 55.
[0045]

In the dependent stream encoding unit 553, in addition
to nermal AVC encoding, encoding using, as a reference image,
a local decocded image Iin the Base stream stored in & frame
memory 53 is performed, and a bit stream is output to the
multiplexing unit 57. In addition, the local decoded image
is saved in the frame memory 56, and is used as a referance
image for encoding the next picture.

[0040]

In the msultiplexing unit 57, the Base stream and the
Dependent stream are multiplexed into a single bit stream
which is output. The Base stream and the Dependent strean
may be output as separate klt streams.

[0047]

Fig. 5 is a diagram illustrating an example of an MVC
reference image.
[0048]

A Base stream 15 encoded by performing only prediction
in the time direction in a manner similar te that in normal
AVC,

[0049]

A Dependent stream is encoded by performing, in

addition to prediction in the time direction within a same-

viewpoint image, which is similar to that in normal AVC,



reference image read from the frame memory 53 is input to a motion prediction/compensation unit 90,
and is used for motion prediction and motion compensation. [0054] Fig. 8 is a block diagram
illustrating an example configuration of a multi-viewpoint decoding apparatus 101. [0055] A Base
stream supplied from the multi-viewpoint encoding apparatus 41 via a network or a recording medium
is input to a buffer 111, and a Dependent stream is input to a buffer 114. In a case where a single
multiplexed stream is supplied, the stream is separated into a Base stream and a Dependent stream
which are input to the buffer 111 and the buffer_114, respectively. [0056] The Base stream which is
delayed in the buffer 111 for a predetermined period of time is output to a video decoding unit 112.
[0057] Inthe video decoding unit 112, the Base stream is decoded in accordance with AVC, and a
resulting decodeg:inagedts saved iara framme memaey 443: Ehe decaded image saved in the frame
memory 113 is used as a reference image for decoding the next picture or a picture in the Dependent
215 - obtained at the same Time polnt as a reference image. Even
in a case where prediction in the time direction cannot be
suitably performed, the capabllity of referring to an other-
viewpoint image cbtained at the same time peint can improve
encoding efficiency.
[0050)
Fig. & is a block diagram illustrating the
configuration of the video encoding unit 52 in Fig. 4 that
generates a Base streawmn, and the frame memory 53.
(00511
The configuration illustrated in Fig. 6 is similar to
the configuration of the image Iinformation encoeding
apparatus in Fig. 1, except for the point that an image
saved in the Fframe memory 53 is referred to by the dependent
stream encoding unit 55.
100521
Fig. 7 is a blovk diagram illustrating the
configuration of the dependent stream encoeding unit 55 in
Fig. 4 that gensrates a Dependent stream, and the frame
memory 56,
[0053]
The configuration illustrated in Fig. 7 is similar to

the configuration of the image information encoding

apparatus in Fig. 1, except for the point that an image



stream. [0056] The decoded image obtained by the video decoding unit 112 is output as a video
signal to a 3D display 102 at a predetermined timing. [0059]  In the meantime, the Dependent
stream which is delayed in the buffer 114 for a predetermined period of time is output to a dependent
stream decoding unit 115. [0060]  In the dependent stream decoding unit 115, the Dependent
stream is decoded, and a resulting decoded image is saved in a frame memory 116. The decoded
image saved in the frame memory 116 is used as a reference image for decoding the next picture.
[0061] Inthe dependent stream decoding unit 115, as appropriate, the image saved in the frame
memory 113 is used as a reference image in accordance with information (such as a flag) in the bit
stream. [0062] The decoded image obtained by the dependent stream decoding unit 115 is output
as a video signakte the3Rrdisplaynd O2-abaypredetermineddiraing.d0063] a

reference image read from the frams memory 53 is input to a
motion prediction/compensation unit 20, and is used for
metion prediction and motion compensation.
[0054]

Fig. B is a block diagram illustrating an example

configuration of a multi-viewpoint decoding apparatus 101.

A Base gtream supplled frowm the multi-viewpoint
encoding apparatus 41 via a network or a recording medium is
input to a buffer 111, and a Dependenti stream 1s input to a
buffer 114. In a case where a single multiplexed stream is
supplied, the stream is separated into a Base stream and a
Dependent stream which are input to the buffer 111 and the
buffer 114, respectively.

[0056]

The Base stream which is delayed in the buffer 111 for
a predetermined period of time is cutput to a video decoding
unit 1312,

[0057]

In the video decoding uniit 112, the Base stream is
decoded in accordance with AVC, and a resulting decoded
image ls saved in a frame memory 113. The decoded image
saved in the frame memory 113 is used as a reference image

for decoding the next picture or a picture Iin the Dependent



-16- Inthe 3D display 102, a stereo image is displayed in accordance with the video signal
supplied from the video decoding unit 112 and the video signal supplied from the dependent stream
decoding unit 115. [0064]  Fig. 9 is a diagram illustrating the configuration of the video decoding unit
112 in Fig. 8 that decodes a Base stream, and the frame memory 113. [0065]  The configuration
illustrated in Fig. 9 is similar to the configuration of the image information decoding apparatus in Fig. 2,
except for the point that the image saved in the frame memory 113 is referred to by the dependent
stream decoding unit 115. [0066] Fig. 10is a lzlboc_k diagram illustrating the configuration of the
dependent stream decoding unit 115 in Fig. 8 that decodes a Dependent stream, and the frame
memory 116. [0067]  The configuration illustrated in Fig. 10 is similar to the configuration of the
image informatienrsdecoding apparatus in Fig. 2, except for the point that the image saved in the frame
memory 113 can be referred to. A reference image read from the frame memory 113 is inputto a - 17
- motion predithPc?r?ﬁcbmpensation unit 148, and is used for motion prediction and motion

compensation. The decoded image obtained by the video decoding unit
112 is output as a videc signal to a 3D display 102 at a
predetesrmined timing.
[0059]

In the meantime, the Dependent stream which iz delayed
in the buffer 114 for a predetermined period of time is
output to a dependent stream decoding unit 115.

[Coe0]

In the dependent stream decoding unit 115, the
Dependent stream is decoded, and a resulting decoded image
is saved in a frame memory 116. The decoded image sgaved in
the frame memory 116 is used as a reference image for
decoding the next picture.

[0061]

In the dependent stream decoding unit 115, as
appropriate, the image saved in the frame memory 113 is used
agz a reference image in accordance with information (such as
a flag) in the bit stream.

[0062]

The decoded image ocobtained by the dependent stream
decoding unit 115 is output as a videc signal to the 3D
display 102 at a predetermined timing.

[C063)



Citation List Patent Literature [0068] PTL 1: Japanese Unexamined Patent Application Publication
No. 2007-208917 Summary of Invention Technical Problem [0069] In AVC and MVC, a virtual
buffer model that imulates the operation of a buffer on the decoding apparatus side is defined in order
to prevent buffer overflow or underflow. [0070] On the encoding apparatus side, encoding is performed
So as to prevent the virtual buffer from overflowing or underf lowing. A decoding apparatus can decode
the bit stream encoded in this manner without breaking a buffer. [0071] A virtual buffer model will be
described. [0072]

- 1 ~-
In the 3D display 102, a sterso lmage is displayed in
sccordance with the vidso signal supplied from the video
decoding unit 112 and the video zignal supplied from the
dependent stream decoeding unit 115.
{0064]
ig. 9 is a diagram illustrating the configuration of
the video decoding unit 112 in Fig. 8 that decodes a Base
stream, and the frame memcry 113,
[0665)

The configuration illustrated in Fig. 9 is similar to
the configuration of the image informaticn decoding
apparatus in Fig. 2, except for the point that the image
saved in the frame memory‘113 is referred to by the
dependsnt stream decoding unit 115,

[0066]

Fig. 10 is a block diagram illustrating the
configuration of the dependent stream decoding unit 115 in
Fig. 8 that decodes a Dependent stream, and the frame memory
116.

{0067}

. The configuration illustrated in Fig. 10 is similar to
the configuration of the images information decoding
apparatus in Fig. 2, except for the peint that the image
saved in the frame memory 113 can be referred to. A

referance image read from the frame memory 113 is ilnput o a



Fig. 11 is a diagram illustrating an example of a virtual buffer model. [0073] An input bit stream is first
supplied to a buffer 151. The bit stream is read instantaneously from the buffer 151 in units called AUs
(access units), and is supplied to a video decoding unit 152. [0074]  In the video decoding unit 152,
data read from the buffer 151 is decoded instantaneously and a decoded image is generated. The
above assumption is made in the virtual buffer model. [0075] It is to be noted that the buffer 151 in
Fig. 11 corresponds to the buffers 111 and 114 in the multi-viewpoint decoding apparatus 101 in Fig.
B. In addition, the video decoding unit 152 in Fig.}1 corresponds to the video decoding unit 112 and
the dependent stream decoding unit 115 in the multi-viewpoint decoding apparatus 101 in Fig. B.
[00761 Inthe case of AVC, one AU stores data of one picture. [0077]

metion prediction/compensation unit 148, and is used for
motion prediction and motion compensation.

Citation List

Patent Literature

[0068]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2007-2085%17
Sumgnary of Invention
Technical Problem
[0069;

In AVC and MVC, a virtual bhuffer modsl that simulates
the operation of a buffer on the decoding apparatus side is
defined in order to prevent buffer cverflow or underflow.
(00701

On the encoding apparatus side, encoding is performed
50 &5 to pravant the wvirtual buffer from overflowing or
underflowing. A decoding apparatus can decode the bit
stream encoded in thils manner without breaking a buffer.
[0071)]

A virtual buffer model will be described.

[C072]

Pig. 11 is a diagram illustrating an example of a
virtual buifer model.
[0073]

An input bit stream is first supplied to a buffer 151.



In the case of MVC, one AU stores data of all views (the Base stream and the Dependent stream)
obtained at the same time point. Here, the term view means an image obtained from each viewpoint.
[0078] The behavior of the buffer 151 in such a virtual buffe - 19 - model is illustrated in Fig. 12, In Fig.
12, the vertical axis represents the amount of buffer occupancy, and the horizontal axis represents
time. [0079]  As illustrated in Fig. 12, a bit stream is supplied to the buffer 151 at a predetermined bit
rate. In addition, at the read time of each AU, the bit stream stored in the corresponding AU is
extracted from the buffer 151. Times tl, t2, t3, ... arg read times from the buffer 151. [0080] Fig. 13
is a diagram illustrating he configuration... of AUs of a bit stream encoded using MVC. [0081]
The bit stream is read instantaneously from the buffer 151
in units called AUs (access units), and is supplied te a
video decoding unit 152.
[00741
In the videc decoding unit 152, datae read from the
buffer 151 is decoded instantaneously and a deccded image is
generated. The above assumption is made in the wvirtual
buffer model.
[0075]
t 1s to be noted that the buffer 151 in Fig. 11
corresponds to the buffers 111 and 114 in the multi-
viewpoint deceding apparatus 101 in Fig. 8. In addition,
the video deccoding unit 152 in Fig. 11 corresponds to the
video decoding unit 112 and the dependent stream decoding
unit 115 in the multi-viewpolint decoding apparatus 101 in
Fig. 8.
[0076}
In the case of AVC, one AU stores data of one picture.
[0077]
T the case of MVC, cne AU stores data of all views
{the Base strzam and the Dependent stresm) obtained at the
same time point. Here, the term view means an lmage
obtained from each viewpolint.
[C078)

The behavior of the buffer 151 in such a virtual buffer



In the upper part of Fig3, AUs #1, #2, and 03 are illustrated. [0082]  The AU #1 is composed of a
picture Pl in the Base stream and a picture P2 in the Dependent stream, which are pictures at the
same time point (data of the pictures is stored). [0083] The AU #2 is composed of a picture P3 in
the Base stream and a picture P4 in the Dependent stream, which are pictures at the same time point.
[0084] The AU #3 is composed of a picture P5 in the Base stream - 70 - and a picture 26 in the
Dependent stream, which are pictures at the same time noint. [0085] In the lower part of Fig. 13, the
configuration of a bit stream is illustrated.

18 -

model is illlustrated in Fig. 12. In Fig. 12, the vertical
axis represents the amount of puffer occupancy, and the
horizontal axis represents time.

[9079]

As illustrated in Fig. 12, a bit stream is supplied to
the buffer 151 at a predstermined bit rate. In addition, at
the read time of each AU, the bit stream stored in the
corresponding AU is extracted from the buffer 151. Times tj,
tz, ta, ... are read times from the buffer 151.

[G080]

Fig. 13 is a diagram illustrating the configuration of
EUs of a hit stream encoded using MVC.

0081}

In the upper part of Fig. 13, AUs #1, #2, and 43 sre
illustrated.
[00B2]

The AU #1 is composed of a picture P; in the Base stream
and a plcture P; in the Dependent stream, which ars pictures
at the =same time peint (data c¢f the pictures is sterad).
[0083]

The AU 42 is composed of a picture Pi3 in the Base stream
and a picture P; in the Dependent stream, which are pictures
at the same time point.

[0o84;

The AU #3 is composed of a picture Ps in the Base stream



[0086] The bit stream in Fig. 13 is a single stream configured by multiplexing the Base stream and
the Dependent stream. Each AU has a NAL unit called AD (AU Delimiter) inserted at the beginning
thereof. The AD is a certain unique data string. [0087]  The AD represents the start position of data
of a picture in the Base stream and a picture in the Dependent stream which are at the same time
point. [0088]  As illustrated in Fig. 13, in the bit stream, the AU #1 is composed of AD #1, picture P1,
and picture 22. [0089] The AU #2 is composed of AD #2, picture Ps, and picture 24. [0090] The AU #3
is composed of AD 43, picture 25, and picture 5’62&0991]

and a picture Pg in the Dependent stream, which are picturss
at the same time point.
fooss]

In the lower part of Fig. 13, the configuration of a
bit stream is illustrated.
{ocee]

The bit stream in Fig. 13 1s a single stream configured
by multiplexing the Base stresm and the Dependent stream.
Each AU has a NAL unit called AD (AU Delimiter) inserted at
the beginning thereof. The AD is a certain unigue data
string.

[co871]

The AD represents the start position of data of a
pilcture in the Base stream and a plcture in the.Depeﬂd@nt
stream which are at the same time point.

[0088]

As illustrated in Fig. 13, in the bit stream, the AU #1
is compesed of AL #1, pilcture P;, and picture Ps.
[0089]

The AU #2 is composed of AD #2, picture 23, and pilcture

Pg.
(00907

The AU #3 is composed of AD $#3, pilcture Py, and picture
Ps.

[a091]



-21-  Searching for an AD makes it possible to find the beginning of the AU and to easily access a
predetermined picture. [0092] Fig. 14 includes diagrams illustrating an example of the structure of bit
streams. [0093] Part A of Fig. 14 illustrates a structure in a case where of a Base stream and a
Dependent stream are multiplexed into a single bit stream. The structure of the bit stream in part A of
Fig. 14 is the same as the structure of the bit stream in Fig. 13. [0094]  Part B of Fig. 14 illustrates a
structure in a case where a Base stream and a Dependent stream are separately included in a total of
two bit streams. Portions corresponding to the portions illustrated in part A of Fig. 14 are assigned the
same symbols. [0095]  As illustrated in part B of Fig. 14, the Base stream is configured by arranging
AD #1, picture PI, AD #2, picture P3, the AD #3, and picture P5 in this order. [0096]

Sgarching for an AD makes it poessibkle to find the
beginning of the AU and to easily access a predetermined
picture.

{00521

Fig. 14 includes diagrams illustrating an example of
the structure of bit streams.
[6093]

Part A of Fig. 14 illustrates a structure in a case
where of a Base stream and a Dependent stream are
multiplexed into a single kit stream., The structure of the
bit stream in part A of Fig. 14 is the same as the structure
of the bit stream in Fig. 13.

[0054]

Part B of Fig. 14 illustrates & structure in a case
where a Base stream and a Dependent stream are separately
included in a total of two bit streams. Portions
corresponding to the portions illustrated in part A of Fig.
i4 are assigned the same symbols.

[0083]

As illustrated in part B of Fig. 14, the Base stream is
configured by arranging AD #1, picture ¥,, AD #2, picture Pj,
the AD #3, and picture Fs in this order.

{00961
In the meantime, the Dependent stream is configured by

arranging picture P, picture Py, and picture Pg in this



In the meantime, the Dependent stream is configured by arranging picture P2, picture P4, and picture
P6 in this - 22 - order. [00971 A decoding process for the bit streams in Fig. 14 will be described
using the configuration in Fig. 11. [00981 For example, in a case where the bit stream in part A of Fig.
14 is supplied, after detecting the AD #1, the video decoding unit 152 in Fig. 11 sequentially reads the
picture F1 in the Base stream and the picture P2 in the Dependent stream, and individually decodes
the pictures. [0099] In addition, in a case where the hit streams in part B of Fig. 14 are supplied, for the
first AU in the Base stream, the video decoding u g 152 detects the AD #1, and reads and decodes
the picture F. In addition, for the second AU, the video decoding unit 152 detects the AD #2, and reads
and decodes the picture 93.

order.
[00sT)

& decoding process for the bit streams in Fig. 14 will
be described using the configuration in Fig. 11.

[0098]

For example, in a case where the bit stream in part A
of Fig. 14 is supplied, after detecting the AD #1, the video
decoding unit 152 in Fig. 11 sequentially reads the picture
P;1 in the Base stream and the picture 2; in ths Dependent
stream, and individually decodes the pilctures.

IC0529] |

In addition, in & case where the bit streams in part B
of Fig. 14 are supplied, for the first AU in the Base stream,
the video decoding unit 152 detects the AD #1, and reads and
decodes the picture P;. In addition, for the second AU, the
video decoding unit 152 detects the AD #2, and reads and
decodes the picture Ps.

{0100]

Since the Dependent stream contains no ADs, it is
neceszary to analyze the syntax in the bit stream and to
determine the boundaries of the pictures Pz, Py, and Pg in
order to read each picture. Therefors, the processing is
very complicated.

[0101]

Here, a case 1s considered where an AD is simply added



[0100] Since the Dependent stream contains no ADs, it is necessary to analyze the syntax in the bit
stream and to determine the boundaries of the pictures 92, 94, and Ps in order to read each picture.
Therefore, the processing is very complicated. [0101] Here, a case is considered where an AD is
simply added - 23 - to the beginning of each pict® in the Dependent stream in a manner similar to
that in the Base stream so that the beginning of the picture can be readily detected. [0102] In this
case, for example, if the Base stream and the Dependent stream are multiplexed into a single bit
stream, tHeViB86 deegdiginift 52 RrGeBGHRE AntAU ThthPBRSEIFBENTARE AR AL of the
Dependent stream as differfnt AUs. This does n%t make it pogsible to cor][_%ctlt\’/ re roduce the
operation%f%em\}i?t]ﬂaf%ﬁfferar%oagl. ]Hl Embodiments o?ﬁﬂaemprse%en fvention allow easy

detection Qggﬁf{g@%@aggé irb§cggpfg1d(%%sgga%%ra§ :p}l,t stream.Sejution to Problem
[0102]

In this case, for example, if the Base stream and the
Dependent stream are multiplexed into a single bit stream,
the video decoding unit 152 may recognize an AU of the BRase
stream and an AU of the Dependent stream as different AUs.
This does not make it possible to correctly reproduce the
operation of the virtual buffer model.

[6103]

Embodiments of the present invention allow easy
detection of picture boundaries in a Dependent stream on a
bit stream.

Solution tc Problem
f0104]

According to a first aspect of the present invention,
there is provided an image signal decoding apparatug that
decodes a bit stream produced by encoding a stereogcopic
image signal including image signals obtained from a
plurality of viewpoints, including decoding means foxr
decoding a first unique data string indicating the start of
image encoded bit streams obtained from all the viewpointis
at a predetermined time point, the first unique data string

being encoded in an image obtained from one viewpoint,



[0104] According to a first aspect of the present invention, there is provided an image signal
decoding apparatus that decodes a bit stream produced by encoding a stereoscopic image signal
including image signals obtained from a plurality of viewpoints, including decoding means for decoding
a first unique data string indicating the start of image encoded bit streams obtained from all the
viewpoints at a predetermined time point, the first unique data string being encoded in an image
obtained from one viewpoint, - 24 - identifying the start of encoded data obtained at the predetermined
time point, decoding a second unique data string indicating the start of an image encoded bit stream .
obtained from another viewpoint at the predetermined time point, the second unique data string being
individually encoded at the beginning of an encoded bit stream of an image obtained from the other
viewpoint, ideniifigngithe: startiof encoded tlata-ekian inmage sigaahebtaineehirom the other viewpoint,
and decoding the bit stream. [0105 The image signals obtained from the plurality of viewpoints can
be image signals OBtaiad Hom the VIEwWPoints: aid afecsifigirfe s B BifGiebit stream. [0106]
Image signals ebtaingd:kam & phyalihe of viewpeintecanhe imageisignals ohiadaed from two
viewpoints, and are configured as two bit streams. [0107 The decoding means can be configured

to decode the fi&tini§He dath SHiG THdiEAERY I start oRimAg8%ric8aea bit- sheams obtained from

all the viewpoints;atthe- peedeterminad me poiat, 4be; fiestumnigye; data, siing being encoded in an
image obtained from one of the viewpoints, identify the start of encoded data obtained at the

predetermined $HieBFGint "dELD e BABBNT UARy & Tfit5< - 2B stream of an

image cobtained from the cther viewpoint, identifving the
start of encoded data of an image signal cobtained from the
other viewpoint, and decoding the bit stream.

[G105]

The image signals obtained from the plurality of
viewpoints can be image signals obtained from two viewpoints,
and are configured as a single bit stream.

(01061

Image signals obtained from a plurality of viewpoints
can be image signals obtained from two viewpoints, and are
configursd as two bit streams.

[0107]

The decoding means can be configured to decode the
first unique data string indicating the stazt of iﬁage
encoded bit streams obtained from all the viewpoints at the
predetermined time point, the first unigue data string being
encoded in an image obtained from cne of the viewpcints,
identify the start of encoded data cobtailned at the

predeterminaed time point, decode the second unique data



string indicating the start of an image encoded bit stream obtained from the other viewpoint at the
predetermined time point, the second unique data string being encoded at the beginning of an
encoded bit stream of an image obtained from the other viewpoint, identify the start of encoded data of
an image signal obtained from the other viewpoint, and decode the bit stream. [0108] In the case
of accessing a position at which decoding can be started correctly, the decoding means can be
configured to decode the first unique data string indicating the start of image encoded bit streams
obtained from all the viewpoints at the predetermined time point, the first unique data string being
encoded in an image obtained from one viewpoint, identify the start of encoded data obtained at the
predetermined time point from the one viewpoint, decode the second unique data strings indicating the
start of the imagerengodes: b streamnebtained e the.atheradewqaint at the predetermined time
point, the second unique data string being individually encoded at the beginning of the encoded bit
stream of the ifffiige Bbtaiied fridth the Gther\igRidint 2ideritify thecsizp Bt #€ ericdded data of the
image signal obtained fram the pthesvigwpaint, and decpdg the hitstream from,identified start
positions. [0109] - 26 -  According to a second aspect of the present invention, there is provided an
image signal d&&sdirig MefHod fof Beedtiing ‘s bit StFeéan? préduéetdby Eeoding & stéreoscopic image
signal including inage, signals.Qbtained;from aplurality. of viewpoints, inclugding the steps of decoding a
first unique data string indicating the start of image encoded bit streams obtained from all the
viewpoints at a*frédé@tniiteerinte poire théFirst tifqaeidataysiifrg betng ®rtoded in an image
obtained from gne.dewpQint;.identifying the start of encoded data obtained at the predetermined time
point; decoding a second unique data string indicating the start of an image encoded bit stream
obtained from aAé#¥er viewpoint at the predetermined time point, the second unique data string being
individually encoded-at the beginning of g&g%gdg%ggisggeo%magf an.image obtained from the other
viewpoint; identifying the start of encoded data of an image signal obtained from the other viewpoint;
and decoding th@bitsstrdamt 40140 recifccorting to @ thind aspect oithepresent invention, there is
provided a prograimfoy causing.a computer 1Q execte a process for decoding a pit stream produced
by encoding a stereoscopic image signal including image“signaﬁs obtained from a fﬂ%rality of
viewpoints, thetprograamtcaudsiigetie eompatertotexecatena procgss:comprising the:steps of decoding
afirst - 27 - unique data string indicating the start of image encoded bit streams obtained from all the
viewpoints at a ﬁregetermined time point, the first unique Eata‘sfring‘%elné encoded in an image
obtained from daeaviewpoint tislentifying the startzof enegdeckdataebtdined atthe predetermined time
point; decoding a second unique data string indicating the start of an image encaoded bit stream
obtained from %{ﬁ(e)‘f"ﬁ)((e)r“jL efte’wjﬁolrﬁtﬁt?fﬁe%?eggiﬁeﬁ%i%'g(% time %%iﬁﬁﬁﬁeolggggﬁagﬁaue data string being
individually encodedaithe:beginring okapencodedbitistrearn ofianrimage abtaied from the other
viewpoint; identiMng the start of encoded data of an iénage‘signal obtained from the other viewpoint;
and decoding the bit strean foFiqfate strings indicstia ©

the start of th
image encoded bit stream obtained from the other viewpoint
at the predeternmined time polnt, the second unigue data
string being individually encoded at the beginning of the
ancoded bit gtream of the image chbtained from the other
viewpoint, identify the start of the sncoded data of the
image signal obtained from the cother viewpoint, and decode
the bit stream from identified start positions.

[0108&]



According to a fourth aspect of the present invention, there is provided an image signal encoding
apparatus that encodes a stereoscopic image signal including image signals obtained from a plurality
of viewpoints, including encoding means for encoding a first unique data string in an image obtained
from one viewpoint, the first unique data string indigating the start of image encoded bit streams
obtained from all the viewpoints at a predetermined time point, and individually encoding a second
unique data string at the beginning of an encoded bit stream of an image obtained from another
viewpoint, the sécorifdHifde Batd -TB-CRfAng iRAcatirRfthe taR of 8fTihabe Eiebded bit stream

obtained f{%m tge {)ther vci)%v:shlagigt a%them%regetseirmi%eld t'meéz)ﬂ%t. [%]ﬁ]xo }'he encoding means can
be configure%ﬁo mtﬁtigljéx encoded data optainecirom all the weﬁpoﬁ snto aosllfngle bit stream.

[0113]  dhesncading meanscaphe 5@@&5&%@t%9a@§€c%@qqgedad%@éﬂp@geggf§@@ all the

viewpoints to be included in two bit streams. [0114] = The image signals obtained from the plurality of
viewpointsd wagdedinagelsignals obtaiged dfrage tved ytenipoiris L1468 fAseokeding to a fifth aspect of
the present invention, there is provided an image signal encoding method for encoding a stereoscopic
image sighatHretiding irfagel syrashtaine8 ol Asiuralig SaewpeiRtslHTadding the steps of

encoding g.first unigue data_string in an imaége btained fro%one viewpoint, the first unique data string

indicating thé Startbrimsge ercoded Bt StreAtis Shtaingd ot i i vidivpolitsd &t a predetermined
time point; apd idividyally epeading asecond ynique,datpistiing at-the, bedinringnf ap encoded bit

stream of an image obtained from another - 29 -
predetermined time point, the firsgt unique data string being
encoded in an image obtained from one viewpoint; identifying
the start of encoded data obtained at the predetermined time
peint; dececding a second unigue data string indicating the
start of an image encoded bit stream obtained from another
viewpoint at the predetermined time point, the second unique
data string being individually encoded at the beginning of
an encoded bit stream of an image obtained from the other
viewpoint; identifying the start of encoded data of an image
gignal obtained from the other viewpoint; and decoding the
bit stream.
[0110]

According to a third aspect of the present invention,
there is provided a program for causing a computer to
execute a process for decoding a bit stream produced by
encoding a stereoscopic image signal including image signals
obtained from a plurality of viewpoints, the program causing
the computer to execute a process comprising the steps of

decoding a firsgt



viewpoint, the second unique data string indicating the start of an image encoded bit stream obtained
from the other viewpoint at the predetermined time point. [0116]  According to a sixth aspect of the
present invention, there is provided a program for causing a computer to execute a process for
encoding a stereoscopic image signal including image- signals obtained from a plurality of viewpoints,
the program causing the computer to execute a process comprising the steps of encoding a first
unique data string in an image obtained from one viewpoint, the first unique data string indicating the
start of inlégeBitodelditsticHaas bbtited b aPtheliewpoints at'd PredEieraimediirte point; and
individually encoding a second, unique data string at.the beginning of an encqoded bit stream of an
image obEI ST E A e R Eiond G g i EP G TPE S of an mage
encoded bit siream;qhtained drom the other yiewpgiRkatthe predetermined fima point (03171 Inan
embodiment of the present invention, a first unique data string indicating the start of image encoded bit
streams abtaiged dlota: alhyiwhoinis@ia predetemined tibde pointwikigh theneadectingh image
obtained from one viewpoint, is decoded, and the start of encoded data obtained at the predetermined
time poin€iBGdsitfiedalrs - Sotadditorh ta S&retsigte vatashing INdicRmigithe start of an image
encoded hit str%am obtained from anpther viewpoint at.the predetermined time point, which is

FEEOHRE &t t17E BRYMNHY GH5h SRESUSH Bit BFe AR O aH sy e Sbtalifed froM the other

individuallyenc

viewpoint, is degoded.the3ar of epncaded data efan image-signalabtained from, e pther viewpoint

is identified, and a bit stream is decoded. [0118] In another embodiment of the present invention, a
first uniquetdaiastring=dicating:ibe starhef ipAgerenaadedsitstrenmsa dhtained fram all viewpoints at
a predetermined time point is encoded in an image obtained from one viewpoint, and a second unique
data string iestinecthestandt aadivagéercoded oit stedritebhesdditdrtamdtharviewpoint at the
predetermined time paint is individually encoded at the beginning of an encoded bit stream of an

image obfaMfSt oM thE FéBWRoIt AdVEHEgSOULERESs of Thvertidn J6 26

viewpoint; identifying the start of encoded data of an image
signal cbtained from the other viewpoint; and decoding the
bit stream.

[0111]

According to a fourth aspect of the present invention,
there is provided an image signal encceding apparatus that
encodes a stereoscopic image signal including image signals
obtained from a plurality of viewpoints, including encoding
means for encoding a first unique data gtring in an image
obtained from one viewpoint, the first unigue data string
indicaring the sgtart of image encoded bit gstreams obtained
from all the viewpoints at a predetermined time point, and
individually encoding a second unique data string at the
beginning of an encoded bit stream of an image obtained from

another viewpoint, the second unigue data



According to the above aspects of the present invention, it is possible to easily detect picture
boundaries of a Dependent stream on a bit stream. Brief Description of Drawings [01201 - 31 -
[Fig. 1] Fig. 1 is a block diagram illustrating an example configuration of an image information
encoding apparatus.  [Fig. 2] Fig. 2 is a block diagram illustrating an example configuration of an
image information decoding apparatus.  [Fig. 3] Fig. 3 is a diagram illustrating a multi-viewpoint
encoding apparatus. _ [Fig. 4] Fig. 4 is a block diagram illustrating an example configuration of the

multi-viewpolit &hcoiitbadpearatushs Figaxt IFigus) Mg BissnaRgrambivstingah example of
an MVC reference i e. [Fig. 6] Fig'. 6 is a block diagram illustrating the gonfiguration of a video
e o, e L A e T ki ho

encoding ﬁn& i 0. 4 and a frame meniory.
configuration gf-a dependent stream encoding unit in Fig. 4 and a frame memory. [Fig. 8] Fig. 8 is
a block diagram illustrating an example configuration of a multi-viewpoint decoding apparatus.

fo11z]

The encoding means can be configured to multiplex
encoded data obtained from all the viewpoints into a single
bit stream.

[0113]

The encoding means can be configured to cause encoded
data obtained from all the viewpoints to be included in two
bit streams.

[0114]

The image signals obtained from the plurality of
viewpoints can be image signals obtained from two viewpoints.
f0115]

According to a fifth aspect of the present invention,
there is provided an image signal encoding method for
encoding a stereoscopilc image signal including image signals
obtained from a plurality of viewpoints, including the steps
of encoding a first unique data string in an image obtained
from one viewpoint, the first unigue data string indicating
the start of image encoded bit streams obtained from all the
viewpoints at a predetermined time point; and individually
encoding a second unigque data string at the beginning of an

encoded bit stream of an image cbtained from another



[Fig. 9] Fig. 9 is a diagram illustrating the configuration of a video decoding unit in Fig. 8 and a f
memory. - 32 - [Fig. 10] Fig. 10 is a block diagram illustrating the configuration of a dependent
stream decoding unit in Fig. 8 and a frame memory. [Fig. 11] Fig. 11 is a diagram illustrating an
example of a virtual buffer model. [Fig. 12] Figg 4.2-is a diagram illustrating the behavior of a buffer
in Fig. 11.  [Fig. 13] Fig. 13 is a diagram illustrating the configuration of Alis of a bit stream encoded
using MVC.  [Fig. 14] Fig. 14 includes diagrams illustrating an example of the structure of bit
streams. V1§EHC15FFigtEs S8Rtk dind R iIfRkAtIAG Brekahiplé CoRiiG6aEbR of a dependent

stream encoding unit that is a portion of.a multi-viewpoint encoding apparatus according to an
embodimEnFathe présent AERtioA- O TR 16] Figt T& Al HEe Hagrab S NUSHating A example of

the structyre-QfRit streaps ¢ he [Rigldgnl fisa diagramjiustrating an example configuration of a
NAL unit.  [Fig. 18] Fig. 18 is a diagram illustrating the syntax of the NAL unit  [Fig. 19] Fig. 19 is a
diagram ilfiestrading the definition of nal_unit_type.

According to a sixth aspect of the present invention,
there is provided a program for causing a computer to
execute a process for encoding a stereoscopic image signal
inciuding image signals obtained from a plurality of
viewpoints, the program causing the computer to execute a
process comprising the steps of encoding a first unigue data
string in an image obtained from one viewpoint, the first
unigue data string indicating the start of image encoded bit
streams obtained from all the viewpolnts at a predetermined
time point; and individually encoding a second unique data
string at the beginning of an encoded kit stream of an image
obtained from ancother viewpoint, the second unigque data
string indicating the start of an image encoded bit stream
obtained from the other viewpoint at the predetermined time
point.

(6117}

In an embodiment of the present invention, a first
unigue data string indicating the start of image encoded bit
streams obtained from all viewpoints at a predetermined time
point, which is encoded in an image obtained from one
viewpoint, is decoded, and the start of encoded data

obtained at the predetermined time point is identified. In



[Fig. 20] Fig. 20 is a diagram illustrating the definition of nal_unit_type. - 33 -  [Fig. 21] Fig. 21 is a
diagram illustrating the simplified syntax of a NAL unit.  [Fig. 22] Fig. 22 is a diagram illustrating
syntax including the NAL unit.  [Fig. 23] Fig. 23 is a diagram illustrating a simplification of the syntax
in Fig. 22.  [Fig. 24] Fig. 24 is a block diagram #lstrating an example configuration of a dependent
stream decoding unit that is a portion of a multi-viewpoint decoding apparatus according to an
embodiment of the present invention. | [Fig, 25] Fig. 25 is a diagram illustrating an example of a

virtual bufEShbgF JFRE BT Rig 2634 fiagranT ifstdnng ah Eaniidle B &bl for accessing
the begingigga %ye. er“%igdg ] Eigtzéé%é‘eﬂﬁ%%@é&%%s&”ﬂp thgl%xgﬁ%@on of a syntax analysis

unit.  [Fig. 28] Fig. 28 is a flowchart describing a conventional analysis process.  [Fig. 29] Fig. 29
is a diagramdliysiratingthe weafliguation ol af bit skeams:oblaingd dy encoding three-viewpoint

video using MVC.  [Fig. 30] Fig. 30 includes diagrams illustrating an example of the structure of bit
streams. individually encoded at the beginning of an encoded bit

stream cof an image obtained from the other viewpeoint, is

decoded, the start of encoded data of an image signal

obtained from the other viewpoint is identified, and a bit

stream is decoded.

i0118}

In another embodiment of the present invention, a first
unigque data string indicating the start of image encoded kit
streams obtained from all viewpoints at a predetermined time
point is encoded in an image obtained from one viewpoint,
and a second unique data string indicating the start of an
image encoded bit stream obtained from another viewpoint at
the predetermined time point is individually encoded at the
beginning of an encoded bit stream of an image obtained from
the other wviewpoint.

Advantageous Effects of Invention
[0112]

According to the above aspects of the present invention,
it is possible to easily detect picture boundaries of a
Dependent stream on a bit stream.
Brief Description of Drawings

[0120]



[Fig. 31] Fig. 31 includes diagrams illustrating an example of the structure of bit streams. - 34 -
[Fig. 32] Fig. 32 is a block diagram illustrating an example configuration of a computer. Description of
Embodiments [0121] [Configuration of Multi-Viewpoint Encoding Apparatus]  Fig. 15 is a block
diagram illustrating an example configuration of a dependent stream encoding unit that is a portion of a
multi-viewpoint encoding apparatus according to an embodiment of the present invention. [0122] in
a multi-viewpoint encoding apparatus according to an embodiment of the present invention, a Base
stream has encoded therein information indicating; AU boundaries, and a Dependent stream has
encoded therein information indicating boundaries between pictures in the Dependent stream, [0123]
This enables a multi-viewpoint decoding apparatus to, on the occasion of decoding bit streams of a
stereoscopic image,determine”AdJ bouindaries erkhe. ke avith gasytprodessiag and to perform the
decoding operation Qased qQn a virtual buffer model. OlZAJ . .
example conifiguration cof an image information encoding
apparatus.
[Fig. 2} Fig. 2 iz a block diagram iilustrating an
example configuration of an image information deceding
apparatus.
[Fig. 31 Fig. 3 is a diagram illustrating a multi-
viewpoint encoding apparatus.
[Fig. 4] Fig. 4 is a bleck diagram illustrating an
example configuration of the multi-viewpoint encoding
apparatus in Fig. 3,
[Fig. 5] Fig. 5 is a diagram illustrating an example of
an MVC reference lmage.
[Pig. 6] Fig. 6 is a block diagram illustrating the
configuration of a video encoding unit in Fig. 4 and & frame

MEMoryY .

[Fig. 71 Fig. 7 is a block diagram illustrating the

s

configuration of a dependent stream enceding unit in Fig.
and a frame memory.

[Fig. Bf Fig. 8 i1s & block diagram illustrating an
example configuration of a multi-viewpoint decoding
apparatus.

[Fig. %] Pig. 9 is a diagram illustrating the
configuration of a video decoding unit in Fig. 8 and a frame

memory.



The multi-viewpoint encoding apparatus has the same configuration as the configuration in Fig. 4. Fig.
15 illustrates an example configuration of the dependent stream - 35 - encoding unit 55 in Fig. 4. A
video encoding unit 52 of a multi-viewpoint encoding apparatus 41 according to an embodiment of the
present invention has the same configuration as the configuration in Fig. 6. The same configuration
elements are assigned the same numerals. [0125]  The configuration of the dependent stream
encoding unit 55 illustrated in Fig. 15 is the same configuration as the configuration in Fig. 7, except
for the point that a DD encoding unit 201 is provided_and the point that the output of the DD encoding
unit 201 is supplied to the lossless encoding unit 86. [0126] The DO encoding unit 201 inserts a
NAL unit called DD (Dependent delimiter) (View and dependency representation delimiter NAL unit) at
the beginning of eactrpicture in = Pependentstream. dhe:PI2 is arusigus datagteng like the AD but

has a value different from the AD. [0127] The lossless encoding unit 86 inserts the NAL unit of the
DO generated T thé 151 ‘erloding uRtEG1 5fto Tie HeiRiRATTG ot eatH pidtiré *Berforms encoding, and
outputs a Dependeat siamidste which the DD has been inserted. [0128] Fig. 16 includes diagrams
illustrating an example of - 36 -
[Fig. 11] Fig. 11 is a diagram illustrating an example
cof a virtual buffer model.
[Fig. 12} Fig. 12 is a diagram illustrating the
pehavior of a buffer in Fig. 11.
{Fig. 13} Fig. 13 is & diagram illustrating the
configuration of AUs of a bit stream encoded using MVC.
[Fig. 14} Fig. 14 includes dlagrams illustrating an
example of the structure of bhit streams.
[Fig. 15] Fig. 15 is a block diagram illustrating an
exarple configuration of a dependent stream encoding unit
that is a portion of a multi-viewpcint encoding apparatus
according to an embodiment of the present invention,
[Fig. 18] Fig. 16 includes diagrams illustrating an
example of the structure of bit streams.
{Fig. 17} FPig. 17 is a diagram illustrating an example
configuration of a2 NAL unit.
{Fig. 18] Fig. 18 is a cdiesgram illustrating the syntax
of the NAL unit.
fFig. 19] Fig. 192 is a diagram illustrating the
definition of nal unit type.
[Fig. 201 Fig. 20 is a diagram illustrating the

definition of nal_unit_type.



the structure of bit streams generated by the multi viewpoint encoding apparatus 41 including the
dependent stream encoding unit 55 in Fig. 15. [0129]  Part A of Fig. 16 illustrates an example of a
structure in a case where a Base stream and a Dependent stream are multiplexed into a single bit
stream. [0130] Part B of Fig. 16 illustrates an example of a structure in a case where a Base stream
and a Dependent stream are separately included in a total of two bit streams Portions corresponding
to the portions illustrated in part A of Fig. 16 are assigned the same symbols. [0131] In the case of
generating the bit stream in part A of Fig. 16, aftef encoding the AD #1, the multi-viewpoint encoding
apparatus 41 encodes the picture Pi in the Base stream. Next, the multi-viewpoint encoding apparatus
41 encodes DD #1 before encoding the pictures in the Dependent stream, and thereafter encodes the
picture P2 in the Dependent siream. [R132] = MWhemsthe prosessdargetissswitched to the next AU,
the multi-viewpoint encoding apparatus 41 encodes the AD #2 and encodes the picture P3 in the Base
stream. Next, the¥uili= %37 Ciigthgoint elicodifig apparatus 41 encodes DD #2 before encoding the
pictures in the Depengdent sttgamti @nd2 is a diagram illustrating syntax

including the NAL unit.

[Fig. 23] Fig. 23 is a diagram illustrating a
simplification of the syniax in Fig. 2ZZ.

[Fig. 24] Fig. 24 is a block diagram illustrating an
example configuration of a depsndent stream decoding unit
that is a portion of a multi-viewpoint decoding apparatus
according to an embodiment of the present invention.

[Pig. 25] Pig. 25 is a diagram illustrating an example
of a virtual buffer model.

[Fig. 26} Fig. 26 is a diagram illustrating an exampie

method for accessgsing the beginning of an AU.

w

[Fig. 27] Fig. 27 is a flowchart describing the
operation of a syntax analysis unit.

[Fig. 28] Fig. 28 is a flowchart describing a
conventional analysis process.

[Fig. 29] Flg. 2% is a diagram illustrating the
configuration of AUs of bit streams obtained by encoding
three-viewpolint video using MVC,

irig. 30] Fig. 30 includes diagrams lllustrating an
example of the structure of bit streams.

[Fig. 31) Fig. 31 includes diagrams illustrating an

example of the structure of bit streams.



thereafter encodes the picture 24 in the Dependent stream. [0133]  In a similar manner, the
multi-viewpoint encoding apparatus 41 encodes DDs before encoding the pictures in the Dependent
stream, and arranges the pictures in the Dependent stream immediately after the DDs. [0134] Also in
this example, ADs are placed at the beginning of Ails. The first AU is composed of AD #1, picture PI,
DD 01, and picture P2, and the second AU is composed of AD #2, picture P3, DD #2, and picture P4.
The third AU is composed of AD #3, picture 25, DD #3, and picture P. [0135] In the case of
generating the bit streams in part E of Fig. 16, for the Ease stream, after encoding the AD #1, the
multi-viewpoint encoding apparatus 41 encodes the picture Pl in the Base stream. When the process
target is switched to the next AU, the multi-viewpoint encoding apparatus 41 encodes the AD #2, and
encodes the picture P3iin. thee Easies streams [G1 361 i additieanfan thes Depenrdeatstream, after
encoding the DD #1, the multi-viewpoint encoding apparatus 41 encodes - 38 - the picture P2 in the
Dependent streafi WhertHe procadstardet iscgaﬂéﬁee% to the next AU, the multi-viewpoint encoding
apparatus 41 enceodes-the DR #2andencedes the picture 24 in the Dependent stream.

f0121]

[Configuration of Multi-Viewpoint Encoding Apparatus]
Fig., 15 is a block diagranm illustrating an example
configuration of a dependent stream encoding unit that is a
portiocn of a multi-viewpoint encoding apparatus according o
an embodiment of the present invention.

[0122}

In &2 multi-viewpoint encoding apparatus according to an
embodiment of the present invention, a Base stream has
enceded therein information indicating AU boundaries, and &
Dependent stream has encoded therein infeormation indicating
boundaries hetween pictures in the Dependent stream,

10123]

This enables a multi-viewpoint decoding apparatus to,
on the occasion of decoding bit streams of a stereoscopic
image, determine AU boundaries or the like with easy

rocessing and to perform the decoding operation based on a
virtual buffer model.
[0124]

The multi-viewpoint encoding apparstus has the same

configuration as the configuration in Fig. 4. Fig. 13

illustrates an exanple configuration cof the dependent stream



[0137] In a similar manner, the multi-viewpoint encoding apparatus 41 encodes the DDs before
encoding the pictures in the Dependent stream, and arranges the pictures in the Dependent stream
immediately after the DDs. [0138]  As illustrated in part B of Fig. 16, the Base stream is configured
by arranging AD #1, picture PI, AD #2, picture P3, AD #3, and picture P5 in this order. [0139] In the
meantime, the Dependent stream is configured by arranging DD #1, picture Py, DD 42, picture PA, DD
43, and picture P6 in this order. [0140]  Also in the example in part B of Fig. 16, the first AU is
composed of AD #1, picture Pi, DD #1, and picturg, P21 and the second AU is composed of AD 42,
picture 23, DD #2, and picture 24. The third AU is composed of AD #3, picture P5, DD #3, and picture
E5. [0141] An AD represents the start position of data of a - 39 -

encoding unit 55 in Fig. 4. A video encoding unit 52 of a
multi-viewpoint enceding apparatus 41 according to an
embodiment of the present invention has the sams
configuration as the configuration in Fig. 6. The same
cenfiguration elements are assigned the same numerals.
[0125]

The configuration of the dependent stream encoding unit
55 ifllustrated in Fig. 15 is the same configuraticn as the
configuration in Fig. 7, axcept for the poiﬁt that a DD
encoding unit 201 is provided and the point that the ocutput
cf the DD encoding unit 201 is supplied to the lossless
encoding unit 86.

[0126]

The DD encoding unit 201 inserts a NAL unit called DD
(Dependent delimiter) {View and dependency representation
delimiter NAL unit) at the beginning of each picture in a
Dependent stream. The DD is a unigue data string like the
AD but has & value different from the AD.

[G127]

The lossless enceding unit 86 insefts the NAL unit of
the DD generated by the DD encoding unit 201 into the
beginning of each picture, performs encoding, and cutputs a
Dependent stream into which the DD has been inserted.

(0128}

Fig. 16 includes diagrams illustrating an example of



picture in the Base stream and a picture in the Dependent stream, which are obtained at the same
time point, that is, represents the start position of image encoding bit streams obtained from all
viewpoints at a predetermined time. In addition, a DD represents the boundary position of data of a
picture in the Dependent stream, that is, represents the start position of an image encoding bit stream
in the Dependent stream. [0142] [Regarding Syntax] The syntax of a DD will be described. [0143]
All encoded data items including an AD and pictures are stored in a unit called a NAL unit, and are
rearranged in a predetermined order to configuresg bit stream. The details are described in ISO/IEC
14496-10 1 ITU-T H.264. [0144] A DD is also stored in a NAL unit. [0145]  Fig. 17 is a diagram
illustrating an example configuration of a NAL unit. [0146] Encoded data items and the header are
handled byte-byzytetr NAL uBytesInNALesmitsa paragnetedndicatirgthétsize of the NAL unit in bytes,
mﬂuch|s|1eces§§g¥ggﬂg%nggé£3§%g apparatus 41 including the despendent
stream encoding unit 55 in Fig. 15.
10129]
Part A of Fig. 16 illustrates an example of a structure
in a case where a Base stream and a Dependent stream are
multiplexed into a single bit stream.
{01301
Part B of Fig. 16 illustrates an example of a structure
in a case where a Base stream and a Dependent stream are
separately included in a total of two bit streams. Fortions
corresponding to the portiens illustrated in part A of Fig.
16 are assigned the same symbols.
[0131]
In the case of generating the bit stream in part A of
Fig. 16, after enceding the AD #1, the multi-viewpoint
encoding apparatus 41 encodes the picture Pi in the Base
stream. Next, the muliti-viewpoint encoding apparatus 41
encodes DD #1 before encoding the pictures in the Dependent
stream, and thereafier encodes the picture P: in the
Dependent stream.
[0132]
When the process target is switched te the next AU, the

multi-viewpoint encoding apparatus 41 encodes the AD #2 and

encodes the picture P; in the Base stream. Next, the multi-



- 40 - unit boundaries. [0147]  One method for identifying NAL unit boundaries is to search for start
codes. In other cases, it is necessary to transmit the NAL unit size to a decoder using some method.
rbsp_byte[] represents encoded data items or the header that are stored in a NAL unit. [0148] Fig. IB is
a diagram illustrating the syntax of a NAL unit. [0149]  forbidden zero bit is 1-bit data, which is
always 0. [0150] nal ref idc is 2-bit data, which indicates that the data items in the NAL unit are
referred to by other NAL units if the nal_ref_ido value is a value other than 0. If the nal_ref_idc value is
0, the data items are not referred to by other NAL;units. [0151] nal_unit_tyee is 5-bit data, which
indicates the
viewpeint encoding apparatus 41 encodes DD #2 bhefore
encoding the picturses in the Dependent stream, and
thereafter encodes the picture Py in the Dependent stream.
[0133]
In 2 similar manner, the multi-viswpoint encoding
apparatus 41 encodes DDs before encoding the pictures in the
Dependent stream, and arranges the pictures in the Dependent
stream immediately after thes DDs,
[0134]
Also in this example, ADs are placed at the beginning
of AlUs. The first AU iz composed of AD #1, picture Pr, DD #1,
and picture Pz, and the second AU is composed of AD #2,
picture Ps, DD #2, and picture Py. The third AU is composed
of AD #3, picture 25, DD #3, and picture Pj.
[0135]
In the case of generating the bit streams in part B of
Pig. 16, for the Base stream, after encoding the AD #1, the
multi-viewpoint encoding apparatus 41 encodes the picture Py
in the Base stream. When the process target is switched to
the newt AU, the multi-viewpoint encoding apparatus 41
encodes the AD #2, and encodes the picture Pz in the Base
stream.
[0136]
Iin addition, for the Dependsnt stream, after encoding

the DD #1, the multi-viewpoint encoding apparatus 41 encodes



content of the NAL unit. [0152]  forbidden_zero_bit, nal_ ef_idc, and nal unit type constitute the
header in Fig. 17. [0153] - 41 - Figs. 19 and 20 are diagrams illustrating the definition of nal_unit_type.
[0154] As illustrated in Fig. 19, nal_unit_type = 9 indicates that the content of the NAL unit is an

AD. [0155] As illustrated in Fig. 20, nai_unit_type = 18 indicates that the content of the NAL unit is
a DD. [0156]

- 3B -

the picture P; in the Dependent stream. When the process
target is switched to the next AU, the multi-viewpoint
encoding apparatus 41 encodes the DD #2 and encodes the
picture Py in the Dspendent stream.

[0137]

In a similar manner, the multi-viewpoint encoding
apparatus 41 encodes the DDs before encoding the pictures in
the Dependent styeam, and arranges the pictures in the
Dependant stream immediately after the Dbs.

(01381

Ls illustrated in part B of Fig. 16, the Base stream 1s
configured by arranging AD 41, picture P;, AD #2, picture Py,
AD #3, and picturs Ps in this crder,

10139]

in the meantime, the Dependent stream 1g configured by
arranging DD #1, picture Pz, DD #2, picture Py, DD #3, and
plcture P¢ in this order.

(01401

hlso in the example in part B of Fig. 14, the first AU
is composed of AD #1, picture Py, DD #1, and picture P, and
the second AU is composed of AD #2, picture P3, DD #2, and
picture Py. The third AU is composed of AD #3, picture Ps,
DD $3, and picture Ps.

[0141]

An AD represents the start pesition of data of a



The simplified syntax of the NAL unit in Fig. 19 is as illustrated in Fig. 21. [0157]  The NAL unit has
the start code added therein in accordance with the syntax illustrated in Fig. 22, and constitutes a
stream called a byte stream. The byte stream corresponds to the bit stream described above. [0158]
startcode_prefix (start_code_prefix_one_3bytes) of 3 bytes (0x000001) in Fig. 22 is a start code to be
added to the beginning of the NAL unit. startcode prefix is a unique code that must not appear at other
places in the byte stream. [0159] Searching for startcode_prefix in a byte stream results in
detecting the beginning of a NAL unit. In additiangghecking nal_unit_type at the header of the NAL unit
whose - 42 - beginning has been detected makes it possible to access a desired NAL unit. [0160]

A simplification of the syntax in Fig. 22 is as illustrated in Fig. 23. [0161]

picture in the Base stream and a picture in the Dependent
stream, which are oktained at the same fime point, that is,
represents the start position of image encoding kit streams
obtained from all viewpocints at a predetermined time. In
addition, a DD repressnts the boundary position of data of a
pilcture in the Dependent stream, that is, represents the
start position of an image encoding bit stream In the
Dependent strean,.
[01421
[Regarding Syntax]

The syntax of a DD will be described.
{0143}

&1l encoded data items including an AR and plchtures are
stored in a unit called a NAL unit, and are rearranged in a
predetermined crder to configure a bit stream. The detalls
are described in ISO0O/IEC 1449%6-10 | ITU-T H.264.

[0144)

A DD is also stored in a NAL unit.
[0145]

Fig. 17 is a diagram illustrating an sxample
configuraticn of a NAL unit.
{01446]

Encoded data items and the header are handled byte-by-
byte. NAL BytesInNALunit is a parameter indicating the size

of the NAL unit in bytes, which 1s necessary to identify NAL



In this manner, DDs are placed at boundaries of pictures in a Dependent stream regardless of whether
the Dependent stream is multiplexed with the Base stream into a single bit stream or is included in
another bit stream. [0162] A start code is added to the beginning of a NAL unit storing a DD, and
the nal_unit_type value of the NAL unit is set to 18, which indicates that the contenta DD. [0163]

The multi-viewpoint decoding apparatus can detect the beginning of a NAL unit by detecting a start
code. In addition, checking that the nal_unit_type value of the NAL unit whose beginning has been
detected is 18 makes it possible to detect a DD, that.is, a picture boundary (beginning) in a Dependent
stream. [0164] [Multi-Viewpoint Decoding Apparatus] Fig. 24 is a block diagram illustrating an example
configuration of a dependent stream decoding unit that is a - 43 - portion of a multi-viewpoint decoding
apparatus accerding-toragrensizodiment of the present invention. [0165]

[0147]

One method for identifying NAL unit boundaries is to
search for start codes. In cother cases, it is necessary to
transmit the WAL unit sizzs to a decoder using some method,
rbsp byte[] represents encoded data items ox the header that
ars stored in a NAL unit.

[0148]

Fig., 18 is a diagram illustrating the syntax of a NAL
unit.
{01493

forkidden zero bit is I-bit data, which is zlways C.
[0150]

nal ref idc is 2-bit data, which indicates that the
data items in the NAL unit are referred to by other NAL
units 1f the nal ref idc value is a value other than 0. If
the nal ref idc value is 0, the data items are not referred
te by other WAL units.

(01511

nal unit type is 5-bit data, which indiﬁates the
content of the NAL unit.
{0152}

forbidden zere bit, nal ref idc, and nal_unit_type
constitute the header in Fig. 17.

[01333



A multi-viewpoint decoding apparatus according to an embodiment of the present invention has the
same configuration as the configuration in Fig. 8. Fig. 24 illustrates an example configuration of the
dependent stream decoding unit 115 in Fig. 8. A video decoding unit 112 of a multi-viewpoint decoding
apparatus 101 according to an embodiment of the present invention has the same configuration as the
configuration in Fig. 9. [0166]  The configuration of the dependent stream decoding unit 115
illustrated in Fig. 24 is the same configuration as the configuration in Fig. 10, except for the point that
DDs are output from the lossiess encoding/decodjpg.unit 142. [0167]  The lossless
encoding/decoding unit 142 decodes a DD included in a Dependent stream, and outputs the DD.
Based on the output DD, the start position of decoding or the like at the time of random access is
specified by an upperiapplicatianorthes kike SfOL68RAN WG virduahbuffee model will be described.
[0169] - 44 - fjg}.‘ 25 is a diagram i|lustrating an example of a virtual buffer model in a case where
an MVO bit str88m is tofips5etor-fi6 stedms, that is, a Base stream and a Dependent stream.
[0170] [0154]

As illustrated in Fig. 18, nal unit type = 2 indicates
that the content of the NAL unit is an AD.
[0155]

ig indicates

]

As illustrated in Fig. 20, nal_unit_type
that the content of the NAL unit is a DD.
[(0156]

The simplified syntax of the NAL unit in Fig. 18 is as
illustrated in Fig. 21.

[0157]

The NAL unit has the start code added therein in
accordance with the syntax illustrated in Fig. 22, and
constitutes a stream called a byte stream. The byte stream
corresponds to the bit stream described above.

[0158}

startcode prefix (start_code prefix_one 3bytes) of 3
bytes (0x000001) in Fig. 22 is a start code to be added to
the beginning of the NAL unit. startcode;prefix iz a unique
cede that must not appear at other places in the byte stream.
[0158]

Searching for startcode prefix in a2 byte stream results
in detecting the beginning of a NAL unit. 1In addition,

checking nal unit type at the header of the NAL unit whose



An input Base stream is stored in a buffer 151A, and a Dependent stream is stored in a buffer 151B.
Bit streams are read instantaneously from the buffers 151A and 151B on an AU-by-AU basis, and are
decoded instantaneously by a video decoding apparatus 152. [0171] It is to be noted that the buffer
151A in Fig. 25 corresponds to the buffer 111 in the multi-viewpoint decoding apparatus 101 in Fig. 8
and that the buffer 151B in Fig. 25 corresponds to the buffer 114 in the multi-viewpoint decoding
apparatus 101 in Fig. 8. In addition, the video decoding unit 152 in Fig. 25 corresponds to the video
decoding unit 112 and the dependent stream decgding unit 115 in the multi-viewpoint decoding
apparatus 101 in Fig. 8. [0172]  For example, in a case where the Base stream in part B of Fig. 16 is
stored in the buffer 151A, and the Dependent stream is stored in the buffer 151B, at a certain timing,
the picture P1 is:tead framthe bedferdbbtAcindacesrdance witls thé ADo# kcandsthe picture 2 is read
from the buffer - 45 - 151B in accordance with the DD #1. The read pictures are decoded by the video
decoding unit 163673 “fi"Addition, at the next timing, the picture 93 is read from the buffer 151A
in accordance witlsshe AD #2, and the picture 94 is read from the buffer 1513 in accordance with the
DD #2. [0174] A virtual buffer mode| in a case where an MVC bit stream is composed of a single
stream having a Bade 3#84m a8 a Degendafit &Fesin is'the Samie’ as hat illustrated in

illustrated in Fig. 23.
(01611

In this manner, DDs are placed at boundaries of
pictures in a Dependent stresm regardless of whether the
Dependent stream is multiplexed with the Base stream into a
single bit stream or is included in another bit stream.
[0162]

3 start code is added to the beginning of a NAL unit
storing a DD, and the nal unit type value of the NAL unit is
set to 18, which indicates that the content is a DD.

[0163]

The multi-viewpeoint decoding apparatus can detect the
beginning of a NAL unit by detecting a start cods. In
addition, checking that the nal unlt type value of the NAL
unit whose beginning has been detected is 18 makes it
bossible to detect a DD, that is, a picture kpoundary
{beginning} in a Dependent streanm.

[0164]
‘Multi-Viewpoint Decoding Apparatus]
Fig. 24 is a block diagram illustrating an exanple

configuration of a dependent stream decoding unit that is a



Fig. 11. [0175] For example, in a case where the bit stream in part A of Fig. 16 is stored in the buffer
151 in Fig. 11, at a certain timing, the pictures Ft and Py are read from the buffer 151 in accordance
with the AD #1. [0176] In addition, at the next timing, the pictures P3 and 24 are read from the
buffer 151 in accordance with the AD #2. [0177] Next, an example of a method for accessing the
beginning of a predetermined AU at the time of random access, at the time of occurrence of an error,
or the like will be described with reference to Fig. 26. - 46 - [0176] An input bit stream is first supplied
to a buffer 211 and is temporarily stored. Thereafier, the bit stream is supplied to a start code detection
unit 212 and a decoder
pertion of a muiti-viewpoint decoding apparatus accérding to
an embodiment of the present invention.
[0165]
A multi-viewpoint decoding apparatus according to an
embodiment of the present invention has the sauwe
configuration as the configuration in Fig. 8. Fig. 24
illustrates an example configuration of the dependent stream
decoding unit 115 in Fig. 8. B video decoding unit 112 of a
multi~viewpoint decoding apparatus 101 accerding te an
embodiment of the present inventicn has the same
configuration as the configuration in Fig. 9.
[0166]
The configuration of the dependent stream decoeding unit
115 illustrated in Fig. 24 is the same configuration as the
configuration in Fig. 10, except for the point that DDs are
output from the lessless encoding/deceding unit 142.
[0167]
“he lossiess encoding/decoding unit 142 decodes a DD
included in a Dependent stream, and outputs the DD. Based
on the output DD, the start position of deceding or the like
at the time of random access 1ls specified by an upper
application or the like.
[0168)

An MYVC virtual buffer model will be described.

[C165]



214.[0179] The start code detection unit 212 detects a start code having a unique data string.
Upon detection of a start code, the start code detection unit 212 outputs subsequent data to a syntax
analysis unit 213. [0160]  The syntax analysis unit 213 analyzes the data supplied from the start
code detection unit 212. Because of the data subsequent to the start code, the data supplied from the
start code detection unit 212 is data of a NAL unit. [0161]  Upon identification of the start position of
an AU by analyzing the header or the like of a NAL unit, the syntax analysis unit 213 outputs a signal
indicating an AU start position to the decoder 214,and the buffer 211. [0162] In a case where an AD
is present (in a case where data of a NAL unit is supplied), the syntax analysis unit 213 checks
whether or not nal_unit_type =9 is satisfied. In a case where nal_unit_type = 9 is satisfied, as
described - 47 - abdtigg theScdntentidbthesNAL lunit is:aimADarT usytiie: begirning of the AU is
demxied'[018§Lrtual buffer model in a case where an MVC bit stream is
compoased of two streams, that is, a Base stream and a
Dependent stream.

[0170]

An input Base stream is stored in a buffer 1513, and a
Dependent stream is stored in a buffer 151B. Rit streams
are read instantanecusly from the bhuffers 1514 and 151R con
an AU-by-AU basis, and are decoded instantaneocusly by a
video decoding apparatus 152.

[0171]

It is to be noted that the buffer 151A in Fig. 25
corresponds to the buffer 111 in the malti-viewpoint
deceding apparatus 101 in Fig. 8 and that the buffer 151B in
Fig. 25 corresponds to the buffer 114 in the multi-viewpoint
decoding apparatus 101 in Fig. 8. In addition, the video
decoding unit 152 in Fig. 25 corresponds to the video
decoding unit 112 and the dependent stream decoding unit 115
in the multi-~viewpoint decoding apparvatus 101 in Fig., 8.
101727

For example, in a case where the Base stream in part B
of Pig. 16 is stored in the bufifer 1313, and the Dependent
stream is stored in the buffer 151B, at a certain timing,

the picture P; is read from the buffer 151A in accordance

with the AD #1, and the picture P; is read from the buffer



Similarly, in a case where an AD is present, the syntax analysis unit 213 checks whether or not
nal_unit_type - 18 is satisfied. In a case where nal_unit_type = 18 is satisfied, as described above, the
content of the NAL unit is a DD. Thus, the beginning of a picture in the Dependent stream is detected.
[0184] The decoder 214 and the buffer 211 subsequently perform decoding of pictures on an
AU-by-AU basis in a normal manner in accordance with the signal from the syntax analysis unit 213.
[0185] The operation of detecting the beginning of a picture in a Dependent stream will be described
with reference to a flowchart in Fig. 27. [0186] Here,-as illustrated in part B of Fig. 16, it is assumed
that a Base stream and a Dependent stream constitute different bit streams and that the Dependent

stream, has an encoded DD. [0187] In step Si, the start code detection unit 212 searches
151B in accordance with the DD #1. The read pictures are

decoded by the video deccding unit 152.
10173]

In addition, at the next timing, the picture P; is read
from the buffer 13531lA in accordance with the AD #2, and the
plicture P; is read from the buffer 1518 in accordance with
the DD #2,

(01743

& virtual buffer model in a case where an MVC bit
stream is composed of a single stream having a Base stream
and a Dependent stream is the same as that illustrated in
Fig. 11.

{0175]

For example, in a case where the bit stream in part A
of Fig. 1% is stored in the buffer 151 in Fig. 11, at a
certain timing, the pictures P: and Py are read from the
buffer 151 in accordance with the AD #1.

[0176]

In addition, at the next timing, ths pilctures P; and Py
are read from the buffer 151 in accordance with tﬁe AD #2.
{0177]

Next, an example of a method for accessing the
beginning cof a predetermined AU at the time of random access,
at the time of occurrence of an error, or the like will be

described with reference to Fig. Z56.



- 48 - for a start code. [0188]  After a start code is detected, in step 52, the syntax analysis unit 213
checks whether or not nal_unit_type - 18 is satisfied. [0189] In a case where it is determined in step
82 that nal_unit_type = 18 is satisfied, in step 53, the syntax analysis unit 213 detects that the NAL
unit having the detected start code is a unit storing a DD and is at the beginning of a picture in the
Dependent stream. [0190]  The operation in a case where, as illustrated in part B of Fig. 14, the
stream is composed of two bit storms and where, as in conventional MVC, the Dependent stream has
no DDs is illustrated in Fig. 28. [0191] As illustrategl in Fig. 28, in a case where the Dependent stream
has no DDs, slice headers are also decoded, and multiple conditional determinations are performed.

Finally, in step 523, it is possible to detect the beginning of an AU (beginning of a picture).
10178}

An input kit stream is first supplied to a buffer 211
and is temporarily stored. Thereafter, the bit stream is
supplied to a start code detection unit 212 and a decoder
214,

[0179]

The start cods detection unit Z12 detects a start code
having a unique data string. Upon detection of a start code,
the start code detection unit 212 outputs subseqguent data to
& syntax analysis unit 213.

{0180}

The syntax analysis unit 213 analyzes the data supplied
from the start code detection unit 212. Because of the data
subseguent to the start code, the data supplied from the
start code detection unit 212 is data of & HAL unit.
ro181]

Upon identification of the start position of an AU by
analyzing the header or the like of a NAL unit, the syntax
analysis unit 213 outputs a signal indicating an AU start
position to the decoder 214~and the buffer 21l.
foigz]

In a case where an AD is present (in a case where data
of a NAL unit is supplied), the syntax analysis unit 213
checks whether or not nal unit_type = 9 is satisfied. In a

case where nal unit type = 9 is satisfied, as described



[0192] In Fig. 28, the values used in the respective determinations up to step 523 are pieces of
information - 49 - written in slice headers stored. in RBSPs (Fig. 17) of a NAL unit. Unlike
nal_unit_type = 18 described above, the above pieces of information are not written in headers of NAL
units, and therefore, complicated analysis processing is performed. [0193] [Three-Viewpoint Bit
Stream] Three-viewpoint bit streams will be described. [0194]  Fig. 29 is a diagram illustrating the
configuration of AUs obtained by encoding three-viewpoint video using MVC. [0195]  As described
above, in the case of MVC, one AU stores the data of all views obtained at the same time point. The
same applies even in a case where the number of viewpoints is three.
above, the content of the NAL unit is an AD. Thus, the
beginning of the AU is detected.
[0183)
Similarly, in a case where an AD 1s prssent, the syntax
analysis unit 213 checks whether or not nal_unit type = 18
is satisfied. In a case where nal unit type = 18 is
satisfied, as described above, the content of the NAL unit
is a bD. Thus, the beginning of a picture in the Dependent
stream is detected.
[0184]
The decoder 214 and the buffer 211 subsequently perform
decoding of pictures on an AUG-by-AU basis in a normal manner
in accordance with the signal from the syntax analysis unit
213.
[0185]
The operation of detecting the beginning of a pilcture
in & bependent stream will be described with reference teo a
flowchart in Fig. 27.
(01863
Here, as iliustrated in part B of Fig. 16, it is
assumed that a Base stream and a Dependent stream constitute
different kit streams and that the Dependent stream has an
encoded DD.
101873

in step 851, the start code detection unit 212 searches



[0196] In Fig. 29, AU #11 is composed of picture Pu in a Base stream, picture P12 in a Dependent
stream 1, and picture Pia in a Dependent stream 2. [0197] AU #12 is composed of picture P16 in
the Base stream, picture P16 in the Dependent stream 1, and picture P16 in the Dependent stream 2.
[0198] -50- AU 013 is composed of picture P17 in the Base stream, picture P18 in the Dependent
stream 1, and picture P19 in the Dependent stream 2. [0199] Fig. 30 includes diagrams illustrating an
example of the structure of bit streams. [0200]  The bit streams illustrated in Fig. 30 include no DDs.
[0201] - 48 -

for a start code.
10188]

After a start code is detected, in step 352, the syntax
analysis unit 213 checks whether or net nal uvnit type = 18

is satisfied.

In & case where it is determined in step 52 that
nal unit type = 18 is satisfied, in step 83, the syntax
analysis unit 213 detects that the NAL unit having the
detected start code is a unit storing a DD and is at the
beginning of a picture in the Dependent stream.

10190]

The operation in a case where, as illiustrated in part B
of Fig. 14, the stream is composed of two bit storms and
where, as in conventional MVC, the Dependent stream has no
DDs is illustrated in Fig. 28.

[0181]

As illustrated in Fig. 28, in a case where the
Dependent stream has no DDs, slice headers are also descoded,
and multiple conditional determinations are performed.
Finally, in step $23, it is possible to detect the beginning
of an AU (beginning of a picture}.

[0182]
In Fig. 28, the values used in the respective

determinations up to step £23 are pieces of information



Part A of Fig. 30 illustrates an example of a structure in a case where the Base stream, the Dependent
stream 1, and the Dependent stream 2 are multiplexed into a single bit stream. [0202]  Part B of Fig.
30 illustrates an example of a structure in a case where the Base stream, the Dependent stream 1,
and the Dependent stream 2 are included in a total of three different bit streams Portions
corresponding to the portions illustrated in part A of Fig. 30 are assigned the same symbols. [0203] For
example, in a case where the bit stream in part A of Fig. 30 is supplied, after detecting the AD 411, the
video decoding unit 152 sequentially reads the pigture Pil in the Base stream, the picture P12 in the
Dependent stream 1, - 51 - and the picture is in the Dependent stream 2, and individually decodes the
pictures. [0204] In addition, in a case where the bit streams in part B of Fig. 30 are supplied, for the
first AU in the Basetstream, theceides:decodirig it 152R@8ksctsthe-AD/#1dfand¥®ads and decodes
the pioture 211,19 20! ':%Igutgeenpg'{]df&ngisf%gg unit 152 detects. forthe seeond Al the AD #12 and
pieces of information are not writien in headers of NAL

units, and therefore, complicated analysis processing is
performed.

(019321

[Thres-Viewpoint Bit Stream]

Three-viewpoint bit streams will ke described.
{0194}

Fig. 29 is a diagram illustrating the configuration of
Alls obtained by encoding three-viewpoint video using MVC,
[0185]

As described above, in the case of MVC, one AU stores
fhe data of all views obtained at the same time point. The
same applies even in a case where the number of viewpoints
iz three.

[0196]

In Fig. 29, AU #11 is compesed of picture ¥;; in a Base
stream, picture P;; in a Dependent stream 1, and plcture Pia
in a Dependent stream 2.

[0197]

AU %12 is composed of picture Pi; in the Base stream,
picture Pi; in the Dependent stream 1, and plcture Pis in the
Dependent stream 2.

[0198]



[0205] The Dependent streams 1 and 2 have no DDs. Therefore, in order to read the individual
pictures, the need exists to analyze the syntax in the bit streams in accordance with the process in Fig.
28 and to detect the boundaries of the pictures Pfl, Pnt P16, P16, P1,8, and Pig. [0206]  Fig. 31
includes diagrams illustrating an example of the structure of bit streams generated by a multi-viewpoint
encoding apparatus 101 according to an embodiment of the present invention. [02071  Part A of Fig.
31 illustrates an example of a structure in a case where the Base stream, the Dependent stream 1,
and the Dependent stream 2 are multiplexed into-g single bit stream. - 52 - [0208]  Part B of Fig. 31
illustrates an example of a structure in a case where the Base stream, the Dependent stream 1, and
the Dependent stream 2 are included in a total of three different bit streams. [0209] In a case where
the bit stream in parti éf Fig.=3tdssupplied, afterdeteeting therADrH sthe vides decoding

picture P33 in the Dependent stream 1, and picture Pis in the
Cependent stream 2.
0189

Fig. 30 includes diagrams illustrating an example of
the structure of bit streams.
[Gzo0]

The bit streams illustrated in Fig. 30 include noc DDs.
(02011

Part A cf Fig. 30 illustrates an example of a structure
in & case where the Base stream, the Dependent stream 1, and
the Dependent stream 2 are nmultiplexed into a single bit
stream.
(02021

Part B of Fig. 30 illustrates an example of a structure
in a case where the Base stream, the Dependent stream 1, and
the Depsndent stream 2 are included in a total of three
different bit streams. Fortions corrasponding to the
portions illustrated in part A of Fig. 30 are assigned the
same symbols,
{02033

For example, in a case where the bit stream in part A
of Fig. 30 is supplied, after detecting the AD #11, the
video deceding unit 152 seguentially reads the picture Py in

the Base stream, the picture Pz in the Dependent stream 1,



unit 152 sequentially reads the picture Pn in the Base stream, the picture Pn in the Dependent stream
1, and the picture Pfl in the Dependent stream 2, and individually decodes the pictures. [0210] In a
case where the bit streams in part B of Fig. 31 are supplied, for the first AU in the Base stream, after
detecting the AD 411, the video decoding unit 152 decodes the picture P. For the second AU, after
detecting the AD #12, the video decoding unit 152 decodes the picture P14. [0211] In addition, for the
Dependent stream 1, after detecting the DD 411, the video decoding unit 152 decodes the picture P. In
addition, after detecting the DD 412, the video deg¢pding unit 152 decodes the picture P15. [0212]
Further, for the Dependent stream 2, after detecting - 53 -

and the picture Pi; in the Dependent stream 2, and
individually decocdes the pictures.
i0204]

In addition, in a case where the bit streams in part B
of Fig. 30 are supplied, for the first AU in the Base stream,
the video decoding unit 152 detects the AD #11 and reads and
decodes the picture Py, In additicon, the video decoding
unit 152 detects, for the second AU, the AD #12 and reads
and decodes the picturs Piy.

[0205]

The Dependent streams 1 and 2 have no DDs. Therefore,
in order to read the individual pictures, the need exists to
analyze the syntax in the bit streams in accordance with the
process in Fig. 28 and to detect the boundaries of tThe
pictures Piz, Pisz, Pis, Pig, Pis, and PBig.

[6206]

Fig. 31 includes diagrams illustrating an example of
the structure of bit streams generated by a multi-viewpoint
encoding apparatus 101 according to an embodiment of the
present invention.

[6207]

Part A of Fig. 31 illustrates an sxample of a structure
in a case where the Base strsam, thes Dependent stream 1, and
the Dependent stream 2 are multiplezed inte a single bit

stream.



the DD 421, the video decoding unit 152 decodes the picture Pn. In addition, after detecting the DD
#22, the video decoding unit 152 decodes the picture P16. [0213] In this manner, in the multi-viewpoint
decoding apparatus 101, an operation is performed so that a desired AU is detected and decoded in
accordance with an AD that is a piece of information illustrating an AU boundary and a DD that is a
piece of information illustrating a boundary between pictures in a Dependent stream and so that a
stereoscopic image is displayed. [0214]  Since there is no need to analyze slice headers in the case
of detecting the start position of a certain picture iy a_Dependent stream, high-speed random access is
made feasible. [0215]  The series of processes described above can be executed by hardware or
software. In a case where the series of processes is executed by software, a program constituting the
software is instalfegEfrom a program recording medium into a computer incorporated in dedicated
hardware, a generaI-Ep@_ugpoBs%Peggr'\agg_;ogguter, or the Iike.x[agn2p]16e] I;ilg.gz Is a block diagram

iHusUaﬂngzu1exanuﬂ3r“ ustrates an & structure
in a case where the Base stream, the Dependent stream 1, and
the Dependent stream 2 are included in a total of three
different bit streams.
[G205]

In a case where the bilt stream in part A of Fig. 31 is
supplied, after detecting the AD #1il, the video decoding
unit 152 segquentially reads the picture P;; in the Base
stream, the picture Py in the Dependent stream 1, and the
picture Fi3 in the Dependent stream 2, and individually
decodes the pictures.

[0210]

In & case where the bit streams in part B of Fig. 31
are supplied, for the first AU in the Base stream, after
detecting the AD #11, the video decoding unit 152 decodes
the picture Py;. For the second AU, after detecting the AD
#12, the video decoding unit 157 decodes the picture Pig.
[G2113

in addition, for the Dependent stream 1, after
detecting the DD #11, the video decoding unit 152 decodes
the picture Pi;. In addition, after detecting the DD #12,
the video decoding unit 152 decodes the picture Pis.

{02123

Further, for the Dependent stream 2, after detecting



- 54 - configuration of hardware of a computer that executes the series of processes described above
in accordance with a program. [0217] A CPU (Central Processing Unit) 301, a ROM (Read Only
Memory) 302, and a RAM (Random Access Memory) 303 are connected to one another via a bus 304.
[0218]  Aninput/output interface 305 is further connected to the bus 304. An input unit 306 having a
keyboard, a mouse, and the like and an cutout unit 307 having a display, speakers, and the like are
connected to the input/output interface 305. In addition, a storage unit 308 having a hard disk, a
non-volatile memory, and the like, a communicatign unit 309 having a network interface and the like,
and a drive 310 that drives a removable medium 311 are connected to the bus 304. [0219] In the
computer configured as above, for example, the CPU 301 loads a program stored in the storage unit
308 into the RAM 308 yia the irputiautpucinteriace:305 and the duts 304 <and executes the program.

Thus, the series of processggdgqls:crétﬁg 3;’;1bdcglvree Is erfqrr}rgegD[gzzci)] I}Qg program executed by the

CPU 301 is reCotded bri 1or
decoding unit 152 decodes the picture Pis.
{02131

In this manner, in the multi-viewpoint decoding
apparatus 101, an operation is performed sc that a desired
AU is detected and decoded in accordance with an AD that is
a plece of informaticn illustrating an AU boundary and a DD
that is a piece of information illustrating a boundary
hetween pilctures in a Dependent stream and so that a
stereoscopic image is displayed.

(02141

Since there is no need to analyze slice headsrs in the
case of detecting the start positicn of a certain plcture in
a Dependent stream, high-speed random access is made
feasible.

[0213]

The series of preocesses described above can be executed
by hardware or software. In a case where the series of
processes is executed by software, a program constituting
the software is installed from a program recording medium
into a computer incorporated in dedicated hardware, a
general-purposs personal coemputer, or the like.
f0218]

Pig. 32 iz a block diagram illustrating an example



- 55 - example, the removable medium 311, or is provided via a. wired or wireless transmission
medium such an a local area network, the Internet, or digital broadcasting and is installed into the
storage unit 308. [0221] It is to be noted that the program executed by the computer may be a
program in accordance with which the processes are performed in a time-series manner in the order
described herein, or may be a program in accordance with which the processes are performed in
parallel or at a required timing such as when called. [0222] Embodiments of the present invention
are not to be limited to the embodiment described above, and a variety of changes can be made
without departing from the scope of the present invention. Reference Signs List [0223] 41
multi-viewpoint encoding apparatus, 51 rearrangement buffer, 52 video encoding unit, 53 frame
memory, 54 reasremgementhuffer 1bs dependens stream-ercading unity 56fratne memory, 57
multiplexing unit, 101 rgylti-view%gint decoding apparatus, 102 3D display, 111 buffer, 112 video

decoding unit, T3 ffafe Ficiiory “T14 Bitfer -L15 dFendeRt SHEAM dedbding unit, 116 frame
memory, 201 bExgnpgeding unit - 56 - CLAIMS

(02173

A CPU (Central Processing Unit} 301, a ROM (Read Only
Memoryy 302, and a RAM (Random Access Memory) 303 are
connected to one another via a bus 304,

[c218]

An input/output interface 305 is further connected to
the bus 304, &An input unit 306 having a kevboard, a mouse,
and the like and an output unit 307 having a display,
speakers, and the like are connected to the input/output
intsrface 305. In addition, a storage unit 308 having a
hard disk, a non-volatile menmory, and the like, a
communication unit 309% having a network interface and the
like, and a drive 310 thatrdrives a removable medium 311 are
connected to the bus 304.

[CZ219}

In the computer configured as above, for example, the
CPU 301 loads a program stored in the storage unit 308 into
the RAM 303 wvia the input/output interface 305 and the bus
304, and executes the program. Thus, the series of
processes describad above is pericrmed.

[0220]

The program executed by the CPU 301 is recorded on, for



[Claim 1]  Animage signal decoding apparatus that decodes a bit stream produced by encoding a
stereoscopic image signal including image signals obtained from a plurality of viewpoints, comprising:
decoding means for decoding a firet unique data string indicating the start of image encoded bit
streams obtained from all the viewpoints at a predetermined time point, the first unique data string
being encoded in an image obtained from one viewpoint, identifying the start of encoded data obtained
at the predetermined time point, decoding a second unique data string indicating the start of an
image encoded bit stream obtained from another viewpoint at the predetermined time point, the
second unique data string being individually encoded at the beginning of an encoded bit stream of an
image obtained from the other viewpoint, identifying the start of encoded data of an image signal
obtained from thewether, viewpeinic-ansh decogding the:hit stream, [Claim.21,Theimage signal decoding
apparatus according to Claim_ wherein the image signals obtained from the plurality of viewpoints
are image signvéjfg%%ﬁﬁé"d?fdﬁ%&?ffé\ﬁfﬁbﬁ?&?%ﬁ%‘%@%oﬁﬁﬁu%ﬂ &s '@ frigle it stream. - 57 -
[Claim 3]  Theimags sigRakdecoding apparatys accearding 1.Glaim.1 qwherein image signals
obtained from a plurality of viewpoints are image signals obtained from two viewpoints, and are
configured as tW Hit-stréatns  [CREMP AP 29thENfagd Signal decoding apparatus according to Claim
3, wherein the gdecoding means decodes the first unique data string indicating the start of image
encoded Pit streams obtained from all the viewpoints at the predetermined time point, the first unique
data string being encbded i aRimagedbtaited Hom 6AE T trevidvrsoints Hefentifies the start of

encoded data @Qx‘é@@@&%&@eﬁeg%e@%% fimg PRINence with which the

processes are performed in a time-series manner in the crder
described herein, or may bs & program in accordance with
which the processes are performed in parallel or at a
regquired timing such as when called.

[0222]

Embodiments of the present invention are not to be
limited to the embodiment described above, and a variety of
changes can be made without departing from the scope of the
present invention.

Reference Signs List
[0223]

41 multi-viewpoint encoding apparatus, 51 rearrangement
buffer, 52 video encoding unit, 53 frame memory, 54 |
rearrangement buffer, 55 dependent stream encoding unit, 58
frame memory, 57 multiplexing unit, 101 multi-viewpoint
decoding apparatus, 102 3D display, 111 buffer, 112 video
decoding unit, 113 frame memory, 114 buffer, 115 despendent

gtream decoding unit, 116 frame memory, 201 DD encoding unit



decodes the second unique data string indicating the start of an image encoded bit stream obtained
from the other viewpoint at the predetermined time point, the second unique data string being encoded
at the beginning of an encoded bit stream of an image obtained from the other viewpoint, identifies the
start of encoded data of an image signal obtained from the other viewpoint, and decodes the bit
stream. [Claim 5]  The image signal decoding apparatus according to Claim 1, wherein in the case
of accessing a position at which - 58 - decoding can be started correctly,  the decoding means
decodes the first unique data string indicating the, start of image encoded bit streams obtained from all
the viewpoints at the predetermined time point, the first unique data string being encoded in an image
obtained from one viewpoint, identifies the start of encoded data obtained at the predetermined time
point from the one viewpoint,  decodes the secamd unique data strings indicating the start of the
image encoded bit stream obtained from the other viewpoint at the predetermined time point, the
second uniquefﬁéf&%tﬁﬁg being individually encoded at the beginning of the encoded bit stream of the

image obtained from thergthersdewoint.Jdentifies-the stald ofithe enceded data of the image signal
obtained from the other viewpoint, and decodes the bit stream from identified start positions. [Claim 6]
An image signaF &b dingnethod of Hetbdifg®a Bit ShfiFroduicet by E€ncdding a stereoscopic

image signal including.image signals.abtained:froay a-plyrality, of viewpeints, comprising the steps of:
decoding a first unique data string indicating the start of image encoded bit streams obtained from all
the viewpoints‘attdsedetermiféd timeéoint, the first unique - 59 -

decoding means for decoding a first unigque data string
indicating the start of imags encoded bit streams obtainsd
from all the viewpoints at & predetermined time point, the
first unigue data string being encoded in an image obtained
from one viewpoint, ildentifying the start of encoded data
cbtained at the prsdetermined time point,

deceding a second unigue data string indicating the
start of an image encoded bit stream obtained from another
viewpolnt at the predetermined time point, the second unigue
data string being individually encoded at the beginning of
an encoded bit stream of an image obtained from the other
viewpoint, identifying the start of encoded data of an imags
signal obtained from the other viswpoint, and decoding the
bit stream.
iClaim 2]

The image signal decoding apparatus according to Claim
1, wherein the image signals obtained from the plurality of
viewpoints are image signals obtained from two viewpoints,

and are configured as a single bit stresam.



data string being encoded in an image obtained from one viewpoint; identifying the start of encoded
data obtained at the predetermined time point; decoding a second unique data string indicating the
start of an image encoded bit stream obtained from another viewpoint at the predetermined time point,
the second unique data string being individually encoded at the beginning of an encoded bit stream of
an image obtained from the other viewpoint; identifying the start of encoded data of an image signal
obtained from the other viewpoint; and decoding the bit stream. [Claim 7] A program for causing a
computer to execute a process for decoding a bit:stream produced by encoding a stereoscopic image
signal including image signals obtained from a plurality of viewpoints, the program causing the
computer to execute a process comprising the steps of:  decoding a first unique data string
indicating the startekimage encoded bit streams obtained from all the viewpoints at a predetermined
time point, the first unique data string being encoded in an image obtained from one viewpoint;
identifying the start 6'&nc6a88 daf obtaed at theBredetarnined tima ot decoding a second
unique data string.indicating the statt,atas isvage.encaded hit stream abtairfed from another - 60 -
viewpoint at the predetermined time point, the second unique data string beiqg individually encoded at
the beginning Gt-&IFERETded Bit STedim OFAA THEGE BRtafhed ffom'the’ dtHer VieWpoint; identifying the
start of encoded.data of an. image-signal-ahtained freanthe other viewpoint; and decoding the bit
stream. [Claim 8]  An image signal encoding apparatus that encodes a stereoscopic image signal
including imagésigals dbtained from a plurality of viewpoints, comprising:  encoding means for
encoding a first unigug.data, string 4nan iwage: abtained-from one viewpeint; the first unique data string

indicating the start of image encoded bit streams obtained from all the viewpoints at a predetermined
time pokﬂ,and3r wherein the decoding means decodes the first unigue data
string indicating the start of image encoded bit streams
obtained from all the viewpoints at the predetermined time
point, the first unigue data string being encoded in an
image obtained from one of the viewpoeints, identifies the
start of encoded data cobtained at the predetermined time
point,
decodes the second unigque data string indicating the
start of an image sncoded bit stream obtained from the other
viewpoint at the predetermined time point, the second unigue
data string being encoded at the beginning of an encoded bit
stream of an image obtainsd from the other viewpoint,
identifies the start of encoded data of an image signal
obtained from the other viewpoint, and dscodes the bit
stream.
{Claim 5]
The image signal decoding apparatus according to Claim

1, wherein in the case of accsessing a position at which



individually encoding a second unique data string at the beginning of an encoded bit stream of an
image obtained from another viewpoint, the second unique data string indicating the start of an image
encoded bit stream obtained from the other viewpoint at the predetermined time point. [Claim 9]

The image signal encoding apparatus according to Claim 8, wherein the encoding means multiplexes
encoded data obtained from all the viewpoints into a single bit stream. [Claim 10] - 61-  The image
signal encoding apparatus according to Claim 8, wherein the encoding means causes encoded data
obtained from all the viewpoints to be included_in:y bit streams. [Claim 11] ~ The image signal
encoding apparatus according to Claim 8, wherein the image signals obtained from the plurality of
viewpoints are image signals obtained from two viewpoints. [Claim 12]  An image signal encoding
method for encedisg:a steoseopicimagesignat ingluding image signals obtained from a plurality of
viewpoints, comprising the steps of:  encoding a first unique data string in an image obtained from
one viewpoint, the fifStuRtiE data BiARG MATCATTg tHe Staresf MagE entodet™it sreams obtained
from all the viewwpgipts ata predetermined time paintard i dndividually-ereading a second unique
data string at the beginning of an encoded bit stream of an image obtained from another viewpoint, the
second unique’d&ta &tring TRdiCERIFRY e $taft o &n il ericotied bif*§irBani bbtaftfed from the other

viewpoint at the predetermined dimespeinty [€lain; 18} o program fapcaysing Aseomputer to execute
a process for encoding a stereoscopic image signal including image signals obtained from a plurality of
viewpoints, the prigriifi dageingtHe cofipater @ ekEutd & préce S8 Cotfifri€ig the - 62 - steps of:

chtained at the predetermined time point from the one
viewpoint,

decodes the second unigue data strings indicating the
start of the image encoded bit stream obtained from the
other viewpoint at the predetermined time point, the second
unigue data string being individually encoded at thé
beginning of the encoded bit stream of the image obtained
from the other viewpoint, identifies the start of the
encoded data of the image signal obtained from the other
viewpoint, and decodes the bit stream from identified start
positions.

IClaim 6]

An image signal deceding methed for decoding a bit
stream produced by encoding a sterecscoplic image signal
including imacge signals cobtained from a plurality of
viewpoints, comprising the steps of:

decoding a first unigue data string indicating the
start of image encoded bit streams obtained from all the

viewpoints at a predetermined time point, the first unique



encoding a first unique data string in an image obtained from one viewpoint, the first unique data string
indicating the start of image encoded bit streams obtained from all the viewpoints at a predetermined
time point; and  individually encoding a second unique data string at the beginning of an encoded bit
stream of an image obtained from another viewpoint, the second unique data string indicating the start
of an image encoded bit stream obtained from the other viewpoint at the predetermined time point.

data string being encoded in an imags obtained from one
viewpoint; identifying the start of sncoded dats obtained at
the predetermined time point:

decoding & second unigue data string indicating the
start of an image encoded bit stream obtazined from another
viewpoint at the predetermined time point, the second unique
data string being individually encoded at the beginning of
an encoded bit stream of an image obtained from the cother
viewpoint; identifying the start of encoded data of an image
signal cbtained from the other viewpoint; and decoding the
bit stream.
(Claim 7]

& program for causing a computer to exscute a process
for decoding a bit stream produced by encoding a
stereoscoplc image signal including image signals obtained
from a plurality of viewpoints, the program causing the
computer to execute a process comprising the steps of:

decoding a first unigue data string indicating the
start of image =ncoded bit streams obtained from all the
viewpolnts at a predetermined time point, the first unigue
data string being encoded in an image obtained from one
viewpoint; ldentifying the start of encoded data obtained at
the predetermined time pointg;

decoding a second unique data string indicating the

start of an image encoded bit stream obtained from another



viewpeint at the predetermined time point, the second unique
data string being individually encoded a* the baginning of
an encoded hit stresam of an image obtained from the othef
viewpoint; identifying the start of sncoded data of an image
signal obtained from the other viewpocint; and decoding the
bit stream.

[Claim 8]

An image signal encoding apparatus that encodes a
sterecscopic image signal including image signals obtained
from a plurality of viewpoints, comprising:

encoding means Lor encoding & first unique data string
in an image obtained from one viewpoint, the first unique
data string indicating the start of image encoded bit
streams obtained from all the viewpoints at a predetermined
time point, and

individually enceding a second unique data string at
the beginning of an encoded bit stream of an image cbtalned

rom another viewpoint, the second unigue data string
indicating the start of an image encoded bit stream obtained

from the other viewpoint at the predetermined time point.

The image signal encoding apparatus according to Claim
g, wherein the esncoding mesans multiplexes encoded data
obtained from all the viewpoints into a single bit stream.

[Cigdim 10]



The image signal encoding apparatus according to Claim
8, wherein the encoding means causss encoded data obtained
from all the viewpoints to be included in twe kit streams.
[Claim 117

The image signal encoding apparatus according teo Claim
8, whersin the image signals obtained from the plurallty of
viewpoints are image szignals obtained from two viewpoints.
{Claim 12}

An image signal encoding method for encoding a
stereosceplc image signal including image signals obtained
from a plurality of viewpoints, comprising the steps of:

encoding & first unigue data string in an image
obtained from cone viewpoint, the first unigue data string
indicating the start of image encoded bit streams obtained
fFrom all the viewpoints at a predetermined time point: and

individually encoding a second unligue data string at
the beginning of an encoded bit stream of an image obtained
From ancther viewpolnt, the second unicgue data string
indicating the start of an image encoded bit stream obtained
from the other viewpoint at the predetermiﬁed time point.
[Claim 13}

A program for causing a computer to execulte a pProcess
for encoding & sterecscopic image signal including image
signals obtalined from a plurality of viewpoints, the program

causing the computer to execute a process comprising the



steps of:

encoding a first unigue data string in an image
chtained from one viewpeint, the first unigue data string
indicating the start of image encoded bit streams obtained
from 211 the viewpoints at a predetermined time point: and

individually encoding a sescond unigue data string at
the beginning of an encoded bit stream of an image obtained
from another viewpolnt, the sscond unique data string
indicating the start of an image encoded bit stream obtained

from the other viswpoint at the predetermined time point.



