woO 2009/005658 A2 | 1IN0 00 OO0 O O I

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 January 2009 (08.01.2009)

(10) International Publication Number

WO 2009/005658 A2

(51) International Patent Classification:
HO4N 7/26 (2006.01) HO04N 7/50 (2006.01)

(21) International Application Number:
PCT/US2008/007894

(22) International Filing Date: 24 June 2008 (24.06.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/946,932 28 June 2007 (28.06.2007) US
(71) Applicant (for all designated States except US): THOM-
SON LICENSING [FR/FR]; 46, Quai A. Le Gallo,

F-92100 Boulogne-billancourt (FR).

(72) Inventors; and
(75) Inventors/Applicants (for US only): PANDIT, Purvin,
Bibhas [IN/US]; 23 Pear Tree Lane, Franklin Park, New

Jersey 08823 (US). YIN, Peng [CN/US]; 49 Thoreau Dr.,
Plainsboro, New Jersey 08536 (US).

(74) Agents: LLAKS, Joseph, J. et al.; Thomson Licensing
LLC, Two Independence Way, Suite #200, Princeton, New

Jersey 08540 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: METHODS AND APPARATUS AT AN ENCODER AND DECODER FOR SUPPORTING SINGLE LOOP DECOD-

ING OF MULTI-VIEW CODED VIDEO

405

400
=

[ PARSE ENCODER CONFIGURATION FILE |~/— 410

i<
NUMBER OF VIEWS TO BE
CODED?

LOOP CODING ENABLED
FOR ANCHOR PICTURES OF
VIEW "2

lSET anchor_singte_toop_decoding_flagfi} =1 ‘T{SH anchor_single_loop_decoding_flag[i] =0|

425 460

430

SINGL

LOOP CODING ENABLED
FOR NON-ANCHOR PICTURES
QF VIEW ")

YES

435 465

l SET non_anchor,_single_loop_decading_flag(] =1 | [SEI' non_anchor_single_loop_decoding flagfi =0l

WRITE anchor_single_toop_decoding_flagfij AND
non_anchor_single_loop_decoding_flagfi} TO SPS, PPS, NAL UNIT
HEADER AND/OR SLICE HEADER FOR VIEW “i”

!

440

WHILE CODING MB OF A VIEW WHEN NO INTER-VIEW PREDICTION 1S | 448
INVOLVED, CONSIDER INTER-VIEW DEPENDENCY FROM SPS
INFER A COMBINATION OF MOTION INFORMATION, INTER PREDICTION] 450

MODE, RESIDUAL DATA, DISPARITY DATA, INTRA PREDICTION MODES, /
DEPTH INFORMATION FOR SINGLE LOOP ENCODING

i+ 455

FIG. 4

(57) Abstract: There are provided methods and apparatus
at an encoder and decoder for supporting single loop
decoding of multi-view coded video. An apparatus includes
an encoder (100) for encoding multi-view video content
to enable single loop decoding of the multi-view video
content when the multi-view video content is encoded using
inter-view prediction. Similarly, a method (400) is also
described for encoding multi-view video content to support
single loop decoding of the multi-view video content when
the multi-view video content is encoded using inter-view
prediction.  Corresponding decoder (200) apparatus and
method (500) are also described.



WO 2009/005658 A2 {0000 0T R0 00 0 00O O 0 O

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, T], TM), Published:

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, —  without international search report and to be republished
FR, GB, GR,HR,HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, upon receipt of that report

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).



10

15

20

25

30

WO 2009/005658 PCT/US2008/007894

METHODS AND APPARATUS AT AN ENCODER AND DECODER FOR
SUPPORTING SINGLE LOOP DECODING OF MULTI-VIEW CODED VIDEO

' CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.
60/946,932, filed June 28, 2007, which is incorporated by reference herein in its
entirety. Further, this application is related to the non-provisional application,
Attorney Docket No. PU080067, entitled “METHODS AND APPARATUS AT AN
ENCODER AND DECODER FOR SUPPORTING SINGLE LOOP DECODING OF
MULTI-VIEW CODED VIDEQO?”, which is commonly assigned, incorporated by

reference herein, and concurrently filed herewith.

TECHNICAL FIELD

The present principles relate generally to video encoding and decoding and,

more particularly, to methods and apparatus at an encoder and decoder for

supporting single loop decoding of multi-view coded video.

BACKGROUND
Multi-view video coding (MVC) serves a wide variety of applications, including

free-viewpoint and three dimensional (3D) video applications, home entertainment,
and surveillance. In those multi-view applications, the amount of video data involved
iS enormous.

Since a multi-view video source includes multiple views of the same or similar
scene, there exists a high degree of correlation between the muitiple view images.
Therefore, view redundancy can be exploited in addition to temporal redundancy
and is achieved by performing view prediction across the different views of the same
or similar scene.

_In a first prior art approach, motion skip mode is proposed to improve the
coding efficiency for MVC. The first prior art approach originated from the idea that
there is a similarity with respect to the motion between two neighboring views.

Motion Skip Mode infers the motion information, such as macroblock type,
motion vector, and reference indices, directly from the corresponding macroblock in

the neighboring view at the same temporal instant. The method is decomposed into
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the two following stages: (1) search for the corresponding macroblock; and (2)
derivation of motion information. In the first stage, a global disparity vector (GDV) is
used to indicate the corresponding position (macroblock) in the picture of the
neighboring view. The global disparity vector is measured by the macroblock-size of
units between the current picture and the picture of the neighboring view. The global
disparity vector can be estimated and decoded periodically such as, for example, at
every anchor picture. In such a case, the global disparity vector of a non-anchor
picture is interpolated using the recent global disparity vectors from an anchor
picture. In the second stage, motion information is derived from the corresponding
macroblock in the picture of the neighboring view, and the motion information is
applied to the current macroblock. Motion skip mode is disabled in the case when
the current macroblock is in the picture of the base view or in an anchor picture
which is defined in the joint multi-view video model (JMVM), since the proposed
method of the first prior art approach exploits the picture from the neighboring view
to present another way for the inter prediction process. ‘

To notify a decoder of the use of motion skip mode, a motion_skip_flag is
included in the head of a macroblock layer syntax element for multi-view video
coding. If motion_skip_flag is enabled, the current macroblock derives macroblock
type, motion vector, and reference indices from the corresponding macroblock in the
neighboring view.

However, in a practical scenario, multi-view video systems involving a large
number of cameras will be built using heterogeneous cameras, or cameras that have
not been perfectly calibrated. With so many cameras, the memory requirement of
the decoder as well as the complexity can significantly increase. In addition, certain
applications may only require decoding some of the views from a set of views. As a
result, it might not be necessary to completely reconstruct the views that are not

needed for output.

SUMMARY

These and other drawbacks and disadvantages of the prior art are addressed
by the present principles, which are directed to methods and apparatus at an
encoder and decoder for supporting single loop decoding of multi-view coded video.
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According to an aspect of the present principles, there is provided an
apparatus. The apparatus includes an encoder for encoding multi-view video
content to enable single loop decoding of the multi-view video content when the
multi-view video content is encoded using inter-view prediction.

According to another aspect of the present principles, there is provided a
method. The method includes encoding multi-view video content to support single
loop decoding of the multi-view video content when the multi-view video content is
encoded using inter-view prediction.

According to still another aspect of the present principles, there is provided an
apparatus. The apparatus includes a decoder for decoding multi-view video content
using single loop decoding when the multi-view video content is encoded using inter-
view prediction.

According to a further aspect of the present principles, there is provided a
method. The method includes decoding multi-view video content using single loop
decoding when the multi-view video content is encoded using inter-view prediction.

These and other aspects, features and advantages of the present principles will
become apparent from the following detailed description of exemplary embodiments,

which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present principles may be better understood in accordance with the

following exemplary figures, in which:

FIG. 1 is a block diagram for an exemplary Multi-view Video Coding (MVC)
encoder to which the present principles may be applied, in accordance with an
embaodiment of the present principles; | .

FIG. 2 is a block diagram for an exemplary Muiti-view Video Coding (MVC)
decoder to which the present principles may be applied, in accordance with an
embodiment of the present principles;

FIG. 3 is a diagram for a coding structure for an exemplary MVC system with
8 views to which the present principles may be applied, in accordance with an

embodiment of the present principles;
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FIG. 4 is a flow diagram for an exemplary method for encoding muiti-view
video content in support of single loop decoding, in accordance with an embodiment
of the present principles;

FIG. 5 is a flow diagram for an exemplary method for single loop decoding of
multi-view video content, in accordance with an embodiment of the present
principles;

FIG. 6 is a flow diagram for another exemplary method for encoding multi-
view video content in support of single loop decoding, in accordance with an
embodiment of the present principles; and

FIG. 7 is a flow diagram for another exemplary method for single loop
decoding of multi-view video content, in accordance with an embodiment of the

present principles.

DETAILED DESCRIPTION

The present principles are directed to methods and apparatus at an encoder

and decoder for supporting single loop decoding of multi-view coded video.

The present description illustrates the present principles. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the present
principles and are included within its spirit and scope.

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the present principles and
the concepts contributed by the inventor(s) to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and
conditions.

Moreover, all statements herein reciting principles, aspects, and
embodiments of the present principles, as well as specific examples thereof, are
intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known
equivalents as well as equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
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embodying the present principles. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudocode, and the like represent
various processes which may be substantially represented in computer readable
media and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor ("DSP”) hardware, read-only
memory ("“ROM”) for storing software, random access memory (‘RAM”), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included.

Similarly, any switches shown in the figures are conceptual only. Their function may
be carried out through the operation of program logic, through dedicated logic,
through the interaction of program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically
understood from the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements that performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The present principles as defined by such claims reside in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the
present principles means that a particular feature, structure, characteristic, and so

forth described in connection with the embodiment is included in at least one
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embodiment of the present principles. Thus, the appearances of the phrase “in one
embodiment” or “in an embodiment” appearing in various places throughout the
specification are not necessarily all referring to the same embodiment. Moreover,
the phrase “in another embodiment” does not exclude the subject matter of the
described embodiment from being combined, in whole or in part, with another
embodiment.

It is to be appreciated that the use of the terms “and/or” and “at least one of”,
for example, in the cases of “A and/or B” and “at least one of A and B, is intended to
encompass the selection of the first listed option (A) only, or the selection of the
second listed option (B) only, or the selection of both options (A and B). As a further
example, in the cases of “A, B, and/or C” and “at least one of A, B, and C”, such
phrasing is intended to encompass the selection of the first listed option (A) only, or
the selection of the second listed option (B) only, or the selection of the third listed
option (C) only, or the selection of the first and the second listed options (A and B)
only, or the selection of the first and third listed options (A and C) only, or the
selection of the second and third listed options (B and C) only, or the selection of all
three options (A and B and C). This may be extended, as readily apparent by one of
ordinary skill in this and related arts, for as many items listed. ’

As used herein, a “multi-view video sequence” refers to a set of two or more
video sequences that capture the same scene from different view points.

Further, as interchangeably used herein, “cross-view” and “inter-view” both
refer to pictures that belong to a view other than a current view.

Additionally, as used herein, the phrase “without a complete reconstruction”
refers to the case when motion compensation is not performed in the encoding or
decoding loop.

Moreover, it is to be appreciated that while the present principles are
described herein with respect to the multi-view video coding extension of the MPEG-
4 AVC standard, the present principles are not limited to solely this standard and
corresponding extension and, thus, may be utilized with respect to other video
coding standards, recommendations, and extensions thereof relating to multi-view
video coding, while maintaining the spirit of the present principles.

Turning to FIG. 1, an exemplary Multi-view Video Coding (MVC) encoder is
indicated generally by the reference numeral 100. The encoder 100 includes a
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combiner 105 having an output connected in signal communication with an input of a
transformer 110. An output of the transformer 110 is connected in signal
communication with an input of quantizer 115. An output of the quantizer 115 is
connected in signal communication with an input of an entropy coder 120 and an
input of an inverse quantizer 125. An output of the inverse quantizer 125 is
connected in signal communication with an input of an inverse transformer 130. An
output of the inverse transformer 130 is connected in signal communication with a
first non-inverting input of a combiner 135. An output of the combiner 135 is
connected in signal communication with an input of an intra predictor 145 and an
input of a deblocking filter 150. An output of the deblocking filter 150 is connected in
signal communication with an input of a reference picture store 155 (for view i). An
output of the reference picture store 155 is connected iﬁ signal communication with
a first input of a motion compensator 175 and a first input of a motion estimator 180.
An output of the motion estimator 180 is connected in signal communication with a
second input of the motion compensator 175 ‘

An output of a reference picture store 160 (for other views) is connected in
signal communication with a first input of a disparity/illumination estimator 170 and a
first input of a disparity/illumination compensator 165. An output of the
disparity/illumination estimator 170 is connected in signal communication with a
second input of the disparity/illumination compensator 165.

An output of the entropy decoder 120 is available as an output of the encoder
100. A non-inverting input of the combiner 105 is available as an input of the
encoder 100, and is connected in signal communication with a second input of the
dispaﬁty/illumination estimator 170, and a second input of the motion estimator 180.
An output of a switch 185 is connected in signal communication with a second non-
inverting input of the combiner 135 and with an inverting input of the combiner 105.
The switch 185 includes a first input connected in signal communication with an
output of the motion compensator 175, a second input connected in signal
communication with an output of the disparity/illumination compensator 165, and a
third input connected in signal communication with an output of the intra predictor
145.

A mode decision module 140 has an output connected to the switch 185 for

controlling which input is selected by the switch 185.
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Turning to FIG. 2, an exemplary Multi-view Video Coding (MVC) decoder is
indicated generally by the reference numeral 200. The decoder 200 includes an
entropy decoder 205 having an output connected in signal communication with an
input of an inverse quantizer 210. An output of the inverse quantizer is connected in
signal communication with an input of an inverse transformer 215. An output of the
inverse transformer 215 is connected in signal communication with a first non-
inverting input of a combiner 220. An output of the combiner 220 is connected in
signal communication with an input of a deblocking filter 225 and an input of an intra
predictor 230. An output of the deblocking filter 225 is connected in signal
communication with an input of a reference picture store 240 (for view i). An output
of the reference picture store 240 is connected in signal communication with a first
input of a motion compensator 235.

An output of a reference picture store 245 (for other views) is connected in
signal communication with a first input of a disparity/illumination compensator 250.

An input of the entropy coder 205 is available as an input to the decoder 200,
for receiving a residue bitstream. Moreover, an input of a mode module 260 is also
available as an input to the decoder 200, for receiving control syntax to control which
input is selected by the switch 255. Further, a second input of the motion
compensator 235 is available as an input of the decoder 200, for receiving motion
vectors. Also, a second input of the dispa(ity/illumination compensator 250 is
available as an input to the decoder 200, for receiving disparity vectors and
illumination compensation syntax.

An output of a switch 255 is connected in signal communication with a second
non-inverting input of the combiner 220. A first input of the switch 255 is connected
in signal communication with an output of the disparity/illumination compensator
250. A second input of the switch 255 is connected in signal communication with an
output of the motion compensator 235. A third input of the switch 255 is connected
in signal communication with an output of the intra predictor 230. An output of the
mode module 260 is connected in signal communication with the switch 255 for
controlling which input is selected by the switch 255.. An output of the deblocking

filter 225 is available as an output of the decoder.
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As noted above, the present principles are directed to methods and apparatus
at an encoder and decoder for supporting single loop decoding of multi-view coded
video.

The present principles are particularly suited to the cases when only certain
views of multi-view video content are to be decoded. Such applications do not
involve reconstructing the reference view completely (i.e., pixel data). In an
embodiment, certain elements from those views can be inferred and used for other
views, thus saving memory and time.

The current multi-view video coding specification requires that all the views be
reconstructed completely. Reconstructed views can then be used as inter-view
references. Turning to FIG. 3, a coding structure for an exemplary MVC system with
8 views is indicated generally by the reference numeral 300.

As a result of the fact that reconstructed views can be used as inter-view
references, each view must be completely decoded and stored in memory even
though the respective view may not be output. This is not very efficient in terms of
memory and processor utilization since you would need to spend processor time to
decode such non-outputted views, as well as memory to store decoded pictures for
such non-outputted views.

Thus, in accordance with the present principles, we propose methods and
apparatus for supporting single loop decoding for a multi-view coded sequence. As
noted above, while the examples provide herein are primarily described with respect
to the multi-view video coding extension of the MPEG-4 AVC Standard, given the
teachings of the present principles provided herein, it is readily appreciated that the
present principles may be readily applied to any multi-view video coding system by
one of ordinary skill in this and related arts, while maintaining the spirit of the present
principles.

In one embodiment of single loop decoding, only the anchor pictures will use
completely reconstructed pictures as references while the non-anchor pictures do
not use completely reconstructed pictures as references. In order to improve the
coding efficiency for the non-anchor pictures, we propose that the inter-view
prediction be used such that the inter-view prediction infers certain data from the
neighboring views without the need to completely reconstruct the neighboring views.

The neighboring reference views are indicated by the sequence parameter set
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syntax shown in TABLE 1. TABLE 1 shows the sequence parameter set (SPS)
syntax for the muiti-view video coding extension of the MPEG-4 AVC Standard, in

accordance with an embodiment of the present principles.

TABLE 1
seq_parameter_set_mvc_extension( ) { c Descriptor
num_views_minus_1 ue(v)
for(i = 0; i <= num_views_minus_1; i++)
view_id{i] ue(v)
for(i = 0, i <= num_views_minus_1; i++) {
num_anchor_refs_I0[i] ue(v)
for(j = 0; j < num_anchor_refs_IOi]; j++ )
anchor_ref_I0[i](j] ue(v)
num_anchor_refs_I1[i} ue(v)
for(j = 0; j < num_anchor_refs_I1[i]; j++ )
anchor_ref_I1[i](j) ue(v)
}
for(i = 0; i <= num_views_minus_1; i++) {
num_non_anchor_refs_I0fi) ue(v)
for(j = 0; j < num_non_anchor_refs_IO[i}; j++ )
non_anchor_ref_I0(i](j] ue(v)
num_non_anchor_refs_[1[i] ue(v)
for(j = 0; j < num_non_anchor_refs_I1[i]; j++ )
non_anchor_ref_I1{i]{j] ue(v)
}
}

The information that can be inferred from the neighboring reference views
without complete reconstruction can be a combination of one or more of the
following: (1) motion and mode information; (2) residual prediction; (3) intra
prediction modes; (4) illumination compensation offset; (5) depth information; and (6)
deblocking strength. It is to be appreciated that the preceding types of information
are merely illustrative and the present principles are not limited to »solely the
preceding types of information with respect to information that can be inferred from
the neighboring views without complete reconstruction. For example, it is to be
appreciated that any type of information relating to characteristics of at least a
portion of the pictures from the neighboring views, including any type of information
relating to encoding and/or decoding such pictures or picture portions may be used
in accordance with the present principles, while maintaining the spirit of the present
principles. Moreover, such information may be inferred from syntax and/or other

sources, while maintaining the spirit of the present principles.

10
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Regarding the motion and mode information, this is similar to the motion skip
mode in the current multi-view video coding specification where the motion vectors,
mode, and reference index information is inferred from a neighboring view.
Additionally, the motion information inferred can be refined by sending additional
data. Moreover, the disparity information can also be inferred.

Regarding the residual prediction, here the residual data from the neighboring
view is used as prediction data for the residue for the current macroblock. This
residual data can further be refined by sending additional data for the current
macroblock.

Regarding the intra prediction modes, such modes can also be inferred.
Either the reconstructed intra macroblocks can be used directly as prediction data or
the intra prediction modes can be used directly for the current macroblock.

Regardfng the illumination compensation offset, the illumination
compensation offset value can be inferred and also further refined.

Regarding the depth information, the depth information can also be inferred.

In order to determine whether a multi-view video coded sequence supports

_ single loop decoding, high level syntax can be present at one or more of the

following: sequence parameter set (SPS); picture parameter set (PPS); network
abstraction layer (NAL) unit header; slice header; and Supplemental Enhancement
Information (SEI) message. Single loop multi-view video decoding can also be
specified as a profile.

TABLE 2 shows proposed sequence parameter set (SPS) syntax for the
multi-view video coding extension of the MPEG-4 AVC Standard, including a
non_anchor_single_loop_decoding_flag syntax element, in accordance with an
embodiment. The non_anchor_single_loop_decoding_flag is an additional syntax
element added in the loop that signals the non-anchor picture references. The
non_anchor_single_loop_decoding_flag syntax element is added to signal whether

$&n
|

the references for the non-anchor pictures of a view “i” should be completely

un
l

decoded to decode the view “i” or not. The non_anchor_single_loop_decoding_flag

syntax element has the following semantics:

non.anchor_single_loop_decoding_flagli] equal to 1 indicates that the
reference views for the non-anchor pictures of the view with view id equal to

11
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view_id[i] need not be completely reconstructed to decode the view.
non_anchor_single_loop_decoding_fiag[i] equal to 0 indicates that the reference
views for the non-anchor pictures of the view with view id equal to view_id[i] should
be completely reconstructed to decode the view.

TABLE 2
seq_parameter_set_mvc_extension( ) { Cc Descriptor
num_views_minus_1 ue(v)
for(i = 0; i <= num_views_minus_1; i++)
view_id[i] ue(v)
for(i = 0; i <= num_views_minus_1; i++) {
num_anchor_refs_[0[i] ‘ ue(v)
for(j = 0; j < num_anchor_refs_IO[i]; j++ )
anchor_ref_l10[i](i] ue(v)
num_anchor_refs_l1[i] ue(v)
for(j = 0; ) < num_anchor_refs_I1[i}; j++ )
anchor_ref_I1{i][j) ue(v)
}
for(i = 0; i <= num_views_minus_1; i++) {
num_non_anchor_refs_|0[i] ue(v)
non_anchor_single_loop_decoding_flag[i] u(1)
“for( j = 0; j < num_non_anchor_refs_lO[i]; j++ )
non_anchor_ref_10][i][j] ue(v)
num_non_anchor_refs_[1[i] ue(v)
for(j = 0; j < num_non_anchor_refs_l1[i]; j++ )
non_anchor_ref_11{i]{j] ue(v)
}
)

TABLE 3 shows proposed sequence parameter set (SPS) syntax for the
multi-view video coding extension of the MPEG-4 AVC Standard, including a
non_anchor_single_loop_decoding_flag syntax element, in accordance with another
embodiment. The non_anchor_single_loop_decoding_flag syntax element is used
to indicate that, for the whole sequence, all the non-anchor pictures can be decoded
without fully reconstructing the reference views. The

non_anchor_single_loop_decoding_flag syntax element has the following semantics:
non_anchor_single _loop_decoding_flag equal to 1 indicates that all the non-

anchor pictures of all the views can be decoded without fully reconstructing the

pictures of the corresponding reference views.
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TABLE 3
seq_parameter_set_mvc_extension( ) { C Descriptor
num_views_minus_1 ue(v)
non_anchor_single_loop_decoding_flag u(1)
for(i = 0; i <= num_views_minus_1; i++)
view_id[i] ue(v)
for(i = 0; | <= num_views_minus_1; i++) {
num_anchor_refs_|0fi} ue(v)
for( j = Q; j < num_anchor_refs_IO[i}; j++ )
anchor_ref_I0[i](i] ue(v)
num_anchor_refs_I1]{i] ue(v)
for(j = 0; j < num_anchor_refs_H[i]; j++)
anchor_ref_U1[i](j] ue(v)
}
for(i = 0; i <= num_views_minus_1; i++) {
num_non_anchor_refs_I0[i] ue(v)
for(j = 0; j < num_non_anchor_refs_IO[i}; j++)
non_anchor_ref_}0{il{j} ue(v)
num_non_anchor_refs_I{1{i] ue(v)
for(j = 0; j < num_non_anchor_refs_I1[i}; j++ )
non_anchor_ref_I1]{i][j] ue(v)
}
}

In another embodiment of single loop decoding, even the anchor pictures are
enabled with respect to single loop decoding. TABLE 4 shows proposed sequence
parameter set (SPS) syntax for the multi-view video coding extension of the MPEG-4
AVC Standard, including an anchor_single_loop_decoding flag syntax element, in
accordance with another embodiment. The anchor_single_loop_decoding_flag
syntax element can be present for the anchor picture dependency loop in the
sequence parameter set. The anchor_single_loop_decoding_flag syntax element

has the following semantics:

anchor_single_loop_decoding_flag[i] equal to 1 indicates that the reference
views for the anchor pictures of the view with view id equal to view_id[i] need not be
completely reconstructed to decode the view. anchor_single_loop_decoding_flag]i]
equal to 0 indicates that the reference views for the anchor pictures of the view with

view id equal to view_id[i] should be completely reconstructed to decode the view.
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TABLE 4
seq_parameter_set_mvc_extension( ) { . [ Descriptor
num_views_minus_1 ue(v)
for(i = 0; i <= num_views_minus_1; i++)
view_id[i] ue(v)
for(i = 0; i <= num_views_minus_1; i++) {
num_anchor_refs_10[i} ue(v)
anchor_single_loop_decoding_flag[i} u(1)
for(j = 0; j < num_anchor_refs_l0{i}; j++ )
anchor_ref_I0[i][j] ue(v)
num_anchor_refs_l1[i] ue(v)
for(j = 0; j < num_anchor_refs_I1{i]; j++ )
anchor_ref_I11]i][j] ue(v)
}
for(i = 0; i <= num_views_minus_1; i++) {
num_non_anchor_refs_l0][i] ue(v)
non_anchor_single_loop_decoding_flag[i] u(1)
for(j = 0; j < num_non_anchor_refs_I0[i}; j++ )
non_anchor_ref_l0[il{j] ue(v)
num_non_anchor_refs_I1{i] ue(v)
for(j = 0; j < num_non_anchor_refs_I1(i]; j++ )
non_anchor_ref_I1[i]{j] ue(v)
}
}

TABLE 5 shows proposed sequence parameter set (SPS) syntax for the
multi-view video coding extension of the MPEG-4 AVC Standard, including an
anchor_single_loop_decoding_flag syntax element, in accordance with another
embodiment. The anchor_single_loop_decoding flag syntax element has the

following semantics:
anchor_single_loop_decoding_flag equal to 1 indicates that all the anchor

pictures of all the views can be decoded without fully reconstructing the pictures of

the corresponding reference views.
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TABLE 5
seq_parameter_set_mvc_extension( ) { Cc Descriptor
num_views_minus_1 ue(v)
anchor_single_loop_decoding_flag ) u(1)
non_anchor_single_loop_decoding_flag u(1)
for(i = 0; i <= num_views_minus_1; i++)
view_idli] ue(v)
for(i = 0; i <= num_views_minus_1; i++) {
num_anchor_refs_10{i] ue(v)
for(j = 0; j < num_anchor_refs_IO[i]; j++ )
anchor_ref_I0[i][j] ue(v)
num_anchor_refs_l1[i] ue(v)
for(j = 0; j < num_anchor_refs_I1[i]; j++ )
anchor_ref_I1{i][j] ue(v)
}
for(i = 0; i <= num_views_minus_1; i++) {
num_non_anchor_refs_10{i] ue(v)
for(j = 0, j < num_non_anchor_refs_IO[i]; j++ )
non_anchor_ref_0(i]{j] ue(v)
num_non_anchor_refs_|1(i] ue(v)
for(j = 0; j < num_non_anchor_refs_I1[i]; j++ )
non_anchor_ref_I1{i][j] ue(v)
}
}

Turning to FIG. 4, an exemplary method for encoding multi-view video contént
in support of single loop decoding is indicated generally by the reference numeral
400.

The method 400 includes a start block 405 that passes control to a function
block 410. The function block 410 parses the encoder configuration file, and passes
control to a decision block 415. The decision block 415 determines whether or not a
variable i is less than the number of views to be coded. If so, then control is passed
to a decision block 420. Otherwise, control is passed to an end block 499.

The decision block 420 determines whether or not single loop coding is
enabled for anchor pictures of view i. If so, then control is passed to a function block
425. Otherwise, control is passed to a function block 460.

The function block 425 sets anchor_single_loop_decoding_flag[i] equal to
one, and passes control to a decision block 430. The decision block 430 determines

whether or not single loop coding is enabled for non-anchor pictures of view i. If so,
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then control is passed to a function block 435. Otherwise, control is passed to a
function block 465.

The function block 435 sets non_anchor_single_loop_decoding_flag[i] equal
to one, and passes control to a function block 440.

The function block 440 writes anchor_single_loop_decoding_flag[i] and
non_anchor_single_loop_decoding_flagli] to sequence parameter set (SPS), picture
parameter set (PPS), network abstraction layer (NAL) unit header and/dr slice
header for view i, and passes control to a function block 445. The function block 445
considers the inter-view dependency from the SPS while coding a macroblock of a
view when no inter-prediction is involved, and passes control to a function block 450.
The function block 450 infers a combination of motion inforrhation, inter prediction
mode, residual data, disparity data, intra prediction modes, and depth information for
single loop encoding, and passes control to a function block 455. The function block
455 increments the variable i by one, and returns control to the decision block 415.

The function block 460 sets anchor_single_loop_decoding_flag]i] equal to
zero, and passes control to the decision block 430. |

The function block 465 sets non_anchor_single _loop decoding_flag]i] equal
to zero, and passes control to the function block 440.

Turning to FIG. 5, an exemplary method for single loop decoding of multi-view
video content is indicated generally the reference numeral 500.

The method 500 includes a start block 505 that passes control to a function -
block 510. The function block 510 reads anchor_single_loop_decoding_flag[i] and
non_anchor_single_loop_decoding_flagli] from the sequence parameter set (SPS),
picture parameter set (PPS), network abstraction layer (NAL) unit header, or slice
header for view i, and passes control to a decision block 515. The decision block
515 determines whether or not a variable i is less than a number of views to be
decoded. If so, the control is passed to a decision block 520. Otherwise, control is
passed to an end block 599.

The decision block 520 determines whether or not the current picture is an
anchor picture. If so, the control is passed to a decision block 525. Otherwise,

control is passed to a decision block 575.
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The decision block 525 determines whether or not
anchor_single_loop_decoding_flag[i] is equal to one. If so, the control is passed to a
function block 530. Otherwise, control is passed to a function block 540.

The function block 530 considers inter-view dependency from the sequence
parameter set (SPS) when decoding a macroblock of view i when no inter-prediction
is involved, and passes control to a function block 535. The function biock 535
infers a combination of motion information, inter prediction mode, residual data,
disparity data, intra prediction modes, depth information for motion skip
macroblocks, and passes control to a function block 570.

The function block 570 increments the variable i by one, and returns control to
the decision block 515.

The function block 540 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of a view i when inter-prediction
is involved, and passes control to a function block 545. The function biock 545
infers a combination of moﬁon information, inter-prediction mode, residual data,
disparity data, intra prediction modes, and depth information, and passes control to
the function block 570.

The decision block 575 determines whether or not non-
anchor_single_loop_decoding]i] is equal to one. If so, then control is passed to a
function block 550. Otherwise, control is passed to a function block 560.

The function block 550 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of view i when no inter-view
prediction is involved, and passes control to a function block §55. The function 555
infers a combination of motion informétion, inter prediction mode, residual data,
disparity data, intra prediction modes, and depth information for motion skip
macroblocks, and passes control to the function block 570.

The function block 560 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of view i when inter-prediction is
involved, and passes control to a function block 565. The function block 565 infers a
combination of motion information, inter prediction mode, residual data, disparity
data, intra prediction modes, and depth information, and passes control to the
function block 570.
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Turning to FIG. 6, another exemplary method for encoding multi-view video
content in support of single loop decoding is indicated generally by the reference
numeral 600.

The method 600 includes a start block 605 that passes control to a function
block 610. The function biock 610 parses the encoder configuration file, and passes
control to a decision block 615. The decision block 615 determines whether or not
single loop coding is enabled for all anchor pictures for each view. [f so, then control
is passed to a function block 620. Otherwise, control is passed to a function block
665.

The function block 620 sets anchor_single loop_decoding_flag equal to one,
and passes control to a decision block 625. The decision block 625 determines
whether or not single loop coding is enabled for all non-anchor pictures for each
view. If so, the control is passed to a function block 630. Otherwise, control is
passed to a function block 660.

The function block 630 sets non_anchor_single loop_decoding_flag equal to
one, and passes control to a function block 635. The function block 635 writes_
anchor_single_loop_decoding_flag to the sequence parameter set (SPS), picture
parameter set (PPS), network abstraction layer (NAL) unit header and/or slice
header, and passes control to a decision block 640. The decision block 640
determines whether or not a variable i is less than the number of views to be coded.
If so, then control is passed to a function block 645. Otherwise, control is passed to
an end block 699.

The function block 645 considers the inter-view dependency from the SPS
while coding a macroblock of a view when no inter-view prediction is involved, and
passes control to a function block 650. The function block 650 infers a combination
of motion information, inter prediction mode, residual data, disparity data, intra
prediction modes, depth information for single loop encoding, and passes control to
a function block 655. The function block 655 increments a variable i by one, and
returns control to the decision block 640. ‘ _

The function block 665 sets anchor_single_loop_decoding flag equal to zero,
and passes control to the decision block 625.

The function block 660 sets non_anchor_single loop_decoding_flag equal to
zero, and passes control to the function block 635.
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Turning to FIG. 7, another exemplary method for single loop decoding of
multi-view video content is indicated generally the reference numeral 700.

The method 700 includes a start block 705 that passes control to a function
block 710. The function block 710 reads anchor_single_loop_decoding_fiag and
non_anchor_single_loop_decoding_flag from the sequence parameter set (SPS),
picture parameter set (PPS), network abstraction layer (NAL) unit header, or slice
header for view i, and passes control to a decision block 715. The decision block
715 determines whether or not a variable i is less than a number of views to be
decoded. If so, the control is passed to a decision block 720. Otherwise, control is
passed to an end block 799.

The decision block 720 determines whether or not the current picture is an
anchor picture. If so, the control is passed to a decision block 725. Otherwise,
control is passed to a decision block 775.

The decision block 725 determines whether or not
anchor_single_loop_decoding_flag is equal to one. If so, the control is passed to a
function block 730. Otherwise, control is passed to a function block 740.

The function block 730 considers inter-view dependency from the sequence
parameter set (SPS) when decoding a macroblock of view i when no inter-prediction
is involved, and passes control to a function block 735. The function block 735
infers a combination of motion information, inter prediction mode, residual data,
disparity data, intra prediction modes, depth information for motion skip
macroblocks, and passes control to a function block 770.

The function block 770 increments the variable i by one, and returns control to
the decision block 715.

The function block 740 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of a view i when inter-prediction
is involved, and passes control to a function block 745. The function block 745
infers a combination of motion information, inter-prediction mode, residual data,
disparity data, intra prediction modes, and depth information, and passes control to
the function block 770.

The decision block 775 determines whether or not non-
anchor_single_loop_decoding is equal to one. If so, then control is passed to a
function block 750. Otherwise, control is passed to a function block 760.
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The function block 550 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of view i when no inter-view
prediction is involved, and passes control to a function block 755. The function 755
infers a combination of motion information, inter prediction mode, residual data,
disparity data, intra prediction modes, and depth information for motion skip
macroblocks, and passes control to the function block 770.

The function block 760 considers inter-view dependency from the sequence
parameter set (SPS) while decoding a macroblock of view i when inter-prediction is
involved, and passes control to a function block 765. The function block 765 infers a
combination of motion information, inter prediction mode, residual data, disparity
data, intra prediction modes, and depth information, and passes control to the
function block 770.

A description will now be given of some of the many attendant
advantages/features of the present invention, some of which have been mentioned
above. For example, one advantage/feature is an apparatus having an encoder for
encoding multi-view video content to enable single loop decoding of the multi-view
video content when the multi-view video content is encoded using inter-view
prediction.

Another advantage/feature is the apparatus having the encoder as described
above, wherein the multi-view video content includes a reference view and other
views. The other views are capable of being reconstructed without a complete
reconstruction of the reference view.

Yet another advantage/feature is the apparatus having the encoder as
described above, wherein the inter-view prediction involves inferring at least one of
motion information, inter prediction modes, intra prediction modes, reference indices,
residual data, depth information, an illumination compensation offset, a deblocking
strength, and disparity data from a reference view of the multi-view video content.

Still another advantage/feature is the apparatus having the encoder as
described above, wherein the inter-view prediction involves inferring information for
a given view of the multi-view content from characteristics relating to at least one of
at least a portion of at least one picture from a reference view of the muiti-view video
content with respect to the given view, and decoding information relating to the at

least a portion of the at least one picture.
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Moreover, another advantage/feature is the apparatus having the encoder as
described above, wherein a high level syntax element is used to indicate that the
single loop decoding is enabled for the multi-view video content.

Further, another advantage/feature is the apparatus having the encoder that
uses the high level syntax as described, wherein the high level syntax element one
of separately indicates whether the single loop decoding is enabled for anchor
pictures and non-anchor pictures in the multi-view video content, indicates on a view
basis whether the single loop decoding is enabled, indicates on a sequence basis
whether the single loop decoding is enabled, and indicates that the single loop
decoding is enabled for only non-anchor pictures in the multi-view video content.

These and other features and advantages of the present principles may be
readily ascertained by one of ordinary skill in the pertinent art based on the
teachings herein. It is to be understood that the teachings of the present principles
may be implémented in various forms of hardware, software, firmware, special
purpose processors, or combinations thereof.

Most preferably, the teachings of the present principles are implemented as a
combination of hardware and software. Moreover, the software may be
implemented as an application program tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
("CPU”), a random access memory (“RAM”), and input/output (“I/O”) interfaces. The
computer platform may also include an operating system and microinstruction code.
The various procesées and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

Furthermore, it is understood that reference to storage media having video
signal data encoded thereupon, whether referenced in the specification or claims,
includes any type of computer-readable storage medium upon which such data is

recorded.
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It is to be further understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present principles are programmed. Given the teachings herein, one of ordinary skill
in the pertinent art will be able to contemplate these and similar implementations or
configurations of the present principles.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
principles is not limited to those precise embodiments, and that various changes and
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present principles. All such changes
and modifications are intended to be included within the scope of the present

principles as set forth in the appended claims.
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CLAIMS:

1. An apparatus, comprising:
an encoder (100) for encoding multi-view video content to enable single loop
decoding of the multi-view video content when the multi-view video content is

encoded using inter-view prediction.

2. The apparatus of claim 1, wherein the multi-view video content
includes a reference view and other views, the other views capable of being

reconstructed without a complete reconstruction of the reference view.

3. The apparatus of claim 1, wherein the inter-view prediction involves
fnferring at least one of motion information, inter prediction modes, intra prediction
modes, reference indices, residual data, depth information, an illumination
compensation offset, a deblocking strength, and disparity data from a reference view

of the multi-view video content.

4. The apparatus of claim 1, wherein the inter-view prediction involves
inferring information for a given view of the multi-view content from characteristics
relating to at least one of at least a portion of at least one picture from a reference
view of the multi-view video content with respect to the given view, and decoding

information relating to the at least a portion of the at least one picture.

5. The apparatus of claim 1, wherein a high level syntax element is used

to indicate that the single loop decoding is enabled for the multi-view video content.

6. The apparatus of claim 5, wﬁerein the high level syntax element one of
separately indicates whether the single loop decoding is enabled for anchor pictures
and non-anchor pictures in the multi-view video content, indicates on a view basis
whether the single loop decoding is enabled, indicates on a sequence basis whether
the single loop decoding is enabled, and indibates that the single loop decoding is

enabled for only non-anchor pictures in the muiti-view video content.
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7. A method, comprising:
encoding multi-view video content to support single loop decoding of the
multi-view video content when the multi-view video content is encoded using inter-

view prediction (420).

8. The method of claim 7, wherein the multi-view video content includes a
reference view and other views, the other views capable of being reconstructed

without a complete reconstruction of the reference view (450).

g. The method of claim 7, wherein the inter-view prediction involves
inferring at least one of motion information, inter prediction modes, intra prediction
modes, reference indices, residual data, depth information, an illumination
compensation offset, a deblocking strength, and disparity data from a reference view
of the multi-view video content (450).

10.  The method of claim 7, wherein the inter-view prediction involves
inferring information for a given view of the multi-view content from characteristics
relating to at least one of at least a portion of at least one picture from a reference
view of the multi-view video content with respect to the given view, and decoding

information relating to the at least a portion of the at least one picture.

11.  The method of claim 7, wherein a high level syntax element is used to
indicate that the single loop decoding is enabled for the multi-view video content
(425, 460).

12. The method of claim 11, wherein the high level syntax element one of
separately indicates whether the single loop decoding is enabled for anchor pictures
and non-anchor pictures in the multi-view video content (425, 435, 460, 465),
indicates on a view basis whether the single loop decoding is enabled (420, 425,
435, 460, 465), indicates on a sequence basis whether the single loop decoding is
enabled (615, 620, 625, 630, 665, 660), and indicates that the single loop decoding

is enabled for only non-anchor pictures in the multi-view video content.
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13. A storage media having video signal data encoded thereupon,
comprising:

multi-view video content encoded to support single loop decoding of the multi-
view video content when the multi-view video content is encoded using inter-view

prediction.

14.  The storage media of claim 13, wherein the multi-view video content
includes a reference view and other views, the other views capable of being

reconstructed without a complete reconstruction of the reference view.

15.  The storage media of claim 13, wherein the inter-view prediction
involves inferring at least one of motion information, inter prediction modes, intra
prediction modes, reference indices, residual data, depth information, an illumination
compensation offset, a deblocking strength, and disparity data from a reference view

of the multi-view video content.

16.  The storage media of claim 13, wherein the inter-view prediction
involves inferring information for a given view of the multi-view content from
characteristics relating to at least one of at least a portion of at least one picture from
a reference view of the multi-view video content with respect to the given view, and

decoding information relating to the at least a portion of the at least one picture.

17.  The storage media of claim 13, wherein a high level syntax element is
used to indicate that the single loop decoding is enabled for the multi-view video

content.

18. The storage media of claim 17, wherein the high level syntax element
one of separately indicates whether the single loop decoding is enabled for anchor
pictures and non-anchor pictures in the multi-view video content, indicates on a view
basis whether the single loop decoding is enabled, indicates on a sequence basis
whether the single loop decoding is enabled, and indicates that the single loop

decoding is enabled for only non-anchor pictures in the multi-view video content.

25



PCT/US2008/007894

WO 2009/005658

. SM3IA HIHLO
L "OId 404 3HOLS NOwvwILsT o Ot
A 34N Lol ALIYVdSIa
IONFY343Y M_n 08~
NOILYWLLS3
GGl NOLYSNIdNOO ~—c9| NOLLOW
™ ALIEVdSIa
,] 40434015 NOLLYSNIdNOD
| 3N NOLLOW
IONIFy3434 N
ONI¥J0183a
~ NOILDIGaHd VAN X
N
+ |
‘ " NoisioZa |
051 —{ INHOASNVHLI oph — Lol
X | _3don |
Gzl —| NOLYZILNYNOI
A
\ &
ONIJ0D |y . A 34NLOId
< < »
Wy3diSLig OHING NOLLYZILNYND INHOASNYHL mwull.li =n

oL—  oe | 11 o 501



PCT/US2008/007894

WO 2009/005658

¢ Old

Ov¢ V
{ MIIA

404 34OLS

Gy¢ —|

SMIIAY3HLO
404 3HOLS

34NLld

JON3H343Y

NOILVSN3dNOD

ALIHYdSIa

»i

135440
NOILYNINNTII

34N10Id
JON3H3H
N

,/lh\\

2/7

»] NOILYSN3dINOD
NOILOW

/ 04¢

Gee &

0gc
)

NOILOId34d

V1N

< EIRE
S3HNLOId [ONIMO0T830

A

-

INdIN0 o~/

00¢ \\

+

0d¢

HO103A
ALIHvdSIa

HOLO3A
NOILOW

XVANAS

| WHO4SNYHLI <

TO41NOD

ONIQ0O

A

NOILYZILNYNOI

mfm\

orm\

Wy3H1S119

AdOHIN3

coz/

3NaIS3y



PCT/US2008/007894

WO 2009/005658

3/7

00€

00LL 661 861

o

L OLL




WO 2009/005658 PCT/US2008/007894

4/7

400
405 '

PARSE ENCODER CONFIGURATION FILE +—— 410
Y 415

i<
NUMBER OF VIEWS TO BE
CODED?

499

420

YES LOOP CODING ENABLED
| FOR ANCHOR PICTURES OF
VIEW 7

460

425

Y.
SET anchor_single_loop_decoding_flagli] =1} —s—{ SET anchor_single_loop_decoding_flag(i] =0

430

SINGL

YES LOOP CODING ENABLED NO
435 FOR NON-ANCHOR PICTURES
QF VIEW ' 465
Y. A (
SET non_anchor_single_loop_decoding_flag]i) =1 SET non_anchor_single_loop_decoding_flagfi] =0
WRITE anchor_single_loop_decoding_flag(i] AND 440

non_anchor_single_loop_decoding_flag{i} TO SPS, PPS, NAL UNIT /
HEADER AND/OR SLICE HEADER FOR VIEW "

WHILE CODING MB OF A VIEW WHEN NO INTER-VIEW PREDICTION IS js

INVOLVED, CONSIDER INTER-VIEW DEPENDENCY FROM SPS

y
INFER A COMBINATION OF MOTION INFORMATION, INTER PREDICTION] 450

MODE, RESIDUAL DATA, DISPARITY DATA, INTRA PREDICTION MODES, /
DEPTH INFORMATION FOR SINGLE LOOP ENCODING

i++ |}——455

FIG. 4




WO 2009/005658

S/7

505

PCT/US2008/007894

500
v

READ anchor_single_loop_decoding_flag(i] AND
non_anchor_single_loop_decoding_flag{i} FROM SPS, PPS,
NAL UNIT HEADER OR SLICE HEADER FOR VIEW “j"

_— 510

YES

y

i<

NUMBER OF VIEWS TO BE
CODED?

CURRENT
PICTURE IS ANCHOR
PICTURE?

515

520
NO

599

E
e Anchor_single_loop_decoding_flag]i] on_anchor_single_loop_decoding_flagfi
, (%0 , (240 550~ 560~
WHILE DECODING MB WHILE DECODING MB WHILE DECODING MB WHILE DECODING MB
OF AVIEW ", WHEN NO OF AVIEW ", WHEN OF AVIEW i", WHEN NO OF AVIEW 7", WHEN
INTER-VIEW PREDICTION| | INTER-VIEW PREDICTION INTER-VIEW PREDICTION| | INTER-VIEW PREDICTION
IS INVOLVED, CONSIDER | | IS INVOLVED, CONSIDER IS INVOLVED, CONSIDER | | IS INVOLVED, CONSIDER
INTER-VIEW INTER-VIEW INTER-VIEW INTER-VIEW
DEPENDENGY FROM DEPENDENCY FROM DEPENDENGY FROM DEPENDENCY FROM
SPS SPS SPS SPS
v v v v
INFER A COMBINATION {  INFER A COMBINATION INFER A COMBINATION |  {INFER A COMBINATION
OF MOTION “OF MOTION OF MOTION OF MOTION
INFORMATION, INTER | | INFORMATION, INTER INFORMATION, INTER | | INFORMATION, INTER
PREDICTION MODE, PREDICTION MODE, PREDICTION MODE, PREDICTION MODE,
RESIDUAL DATA, RESIDUAL DATA, RESIDUAL DATA, RESIDUAL DATA,
DISPARITY DATA, INTRA DISPARITY DATA, DISPARITY DATA, INTRA DISPARITY DATA,
PREDICTION MODES, INTRA PREDICTION PREDICTION MODES, INTRA PREDICTION
DEPTH INFORMATION MODES, DEPTH DEPTH INFORMATION MODES, DEPTH
FOR MOTION SKIP MB INFORMATION FOR MOTION SKIP MB {NFORMATION
J L JIR . vy [ 1N
>3 545 _ <555 965
570 FIG. 5




WO 2009/005658 PCT/US2008/007894

6/7 600
Gy —ws

PARSE ENCODER CONFIGURATION FILE |—— 610

YES NO
620 ' 665
l y N
SET anchor_single_loop_decoding_flag =1 |——| SET anchor_single_loop_decoding_flag =0
625
SINGLE
YES LOOP CODING ENABLED FOR NO
ALL NON-ANCHOR PICTURES FOR ]
630 EACH VIEW? 660
L ,
SET non_anchor_single_loop_decoding_flag =1 SET non_anchor_single_loop_decoding_flag =0
WRITE anchor_single_loop_decoding_flag AND 635

non_anchor_single_loop_decoding_flag TO SPS, PPS, /
NAL UNIT HEADER AND/OR SLICE HEADER

699

i<
NUMBER OF VIEWS TO BE
CODED?

WHILE CODING MB OF A VIEW WHEN NO INTER-VIEW PREDICTION IS 645
INVOLVED, CONSIDER INTER-VIEW DEPENDENCY FROM SPS /

INFER A COMBINATION OF MOTION INFORMATION, INTER PREDICTION] 650
MODE, RESIDUAL DATA, DISPARITY DATA, INTRA PREDICTION MODES, /
DEPTH INFORMATION FOR SINGLE LOOP ENCODING

i+ | 655

FIG. 6




WO 2009/005658 PCT/US2008/007894

/7

( START )}— 705

A
READ anchor_single_toop_decoding_flag AND
non_anchor_single_loop_decoding_flag FROM SPS,
PPS, NAL UNIT HEADER OR SLICE HEADER

v

i<

700
v

— 710

715

799

NUMBER OF VIEWS TO BE

DECODED?
720
YES CURRENT NO
PICTURE IS ANCHOR
725 PICTURE?
Anchor_single_loop_decoding_flag on_anchor_single_loop_decoding_flag
==17
e 730 s 740 750 N v 760 ~N v
WHILE DECODING MB WHILE DECODING MB WHILE DECODING MB WHILE DECODING MB
OF AVIEW “", WHEN NO OF A VIEW ", WHEN OF AVIEW ", WHEN NO OF A VIEW “", WHEN
INTER-VIEW PREDICTION{ | INTER-VIEW PREDICTION INTER-VIEW PREDICTION{ | INTER-VIEW PREDICTION
IS INVOLVED, CONSIDER | | IS INVOLVED, CONSIDER IS INVOLVED, CONSIDER } | IS INVOLVED, CONSIDER
INTER-VIEW INTER-VIEW INTER-VIEW INTER-VIEW
DEPENDENCY FROM DEPENDENCY FROM DEPENDENCY FROM DEPENDENCY FROM
SPS SPS SPS SPS
v v v v
INFER A COMBINATION | {INFER A COMBINATION INFER A COMBINATION | INFER A COMBINATION
OF MOTION OF MOTION OF MOTION OF MOTION
INFORMATION, INTER | | INFORMATION, INTER INFORMATION, INTER | | INFORMATION, INTER
PREDICTION MODE, PREDICTION MODE, PREDICTION MODE, PREDICTION MODE,
RESIDUAL DATA, RESIDUAL DATA, RESIDUAL DATA, RESIDUAL DATA,
DISPARITY DATA, INTRA DISPARITY DATA, DISPARITY DATA, INTRA DISPARITY DATA,
PREDICTION MODES, INTRA PREDICTION PREDICTION MODES, INTRA PREDICTION
DEPTH INFORMATION MODES, DEPTH DEPTH INFORMATION MODES, DEPTH
FOR MOTION SKIP MB INFORMATION FOR MOTION SKIP MB INFORMATION
J L IR’ . v [ N
735 257 . <755 765
M —770 FIG. 7




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

