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DESCRIPTION

TECHNICAL FIELD

[0001] The present principles relate generally to video encoding and/or decoding.

BACKGROUND

[0002] Video display manufacturers may use a framework of arranging or tiling different views

on a single frame. The views may then be extracted from their respective locations and
rendered.

EP 1 581 003 A1 describes a system for monitoring a plurality of video signals in an internal
video network, such as a broadcast recording environment, or security camera network. The
system comprises a picture monitor having a screen on which a mosaic video image containing
the video signals from a plurality of cameras or other video devices is displayed. Selection of a

video signal from the mosaic image can be performed to display a full screen version of that
signal.

SUMMARY

[0003] The invention is set out In the appended claims.

[0004] According to a general example, a video picture Is accessed that includes multiple
pictures combined Iinto a single picture. Information I1s accessed indicating how the multiple
pictures in the accessed video picture are combined. The video picture is decoded to provide a
decoded representation of the combined multiple pictures. The accessed information and the
decoded video picture are provided as output.

[0005] According to another general example, information is generated indicating how multiple
pictures included In a video picture are combined Into a single picture. The video picture Is
encoded to provide an encoded representation of the combined multiple pictures. The
generated information and encoded video picture are provided as output.

[0006] According to another general example, a signal or signal structure includes information
Indicating how multiple pictures included in a single video picture are combined into the single

video picture. The signal or signal structure also includes an encoded representation of the
combined multiple pictures.

[0007] According to another general example, a video picture 1s accessed that includes
multiple pictures combined into a single picture. Information Is accessed that indicates how the
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multiple pictures in the accessed video picture are combined. The video picture Is decoded to
provide a decoded representation of at least one of the multiple pictures. The accessed
Information and the decoded representation are provided as output.

[0008] According to another general example, a video picture 1s accessed that includes
multiple pictures combined into a single picture. Information Is accessed that indicates how the
multiple pictures in the accessed video picture are combined. The video picture I1s decoded to
provide a decoded representation of the combined multiple pictures. User input is received that
selects at least one of the multiple pictures for display. A decoded output of the at least one
selected picture i1s provided, the decoded output being provided based on the accessed
Information, the decoded representation, and the user input.

[0009] The detalls of one or more implementations are set forth in the accompanying drawings
and the description below. Even If described In one particular manner, it should be clear that
Implementations may be configured or embodied In various manners. For example, an
Implementation may be performed as a method, or embodied as an apparatus configured to
perform a set of operations, or embodied as an apparatus storing instructions for performing a
set of operations, or embodied In a signal. Other aspects and features will become apparent
from the following detailed description considered In conjunction with the accompanying
drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
FIG. 1 1s a diagram showing an example of four views tiled on a single frame;
FIG. 2 Is a diagram showing an example of four views flipped and tiled on a single frame,;

FIG. 3 shows a block diagram for a video encoder to which the present principles may be
applied, in accordance with an embodiment of the present principles;

FIG. 4 shows a block diagram for a video decoder to which the present principles may be
applied, in accordance with an embodiment of the present principles;

FIG. 5 Is a flow diagram for a method for encoding pictures for a plurality of views using the
MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 6 Is a flow diagram for a method for decoding pictures for a plurality of views using the
MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 7 1s a flow diagram for a method for encoding pictures for a plurality of views and depths
using the MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 8 1s a flow diagram for a method for decoding pictures for a plurality of views and depths
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using the MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 9 Is a diagram showing an example of a depth signal, in accordance with an embodiment
of the present principles;

FIG. 10 1s a diagram showing an example of a depth signal added as a tile, in accordance with
an embodiment of the present principles;

FIG. 11 I1s a diagram showing an example of 5 views tiled on a single frame, in accordance with
an embodiment of the present principles.

FIG. 12 I1s a block diagram for an exemplary Multi-view Video Coding (MVC) encoder to which
the present principles may be applied, In accordance with an embodiment of the present

principles;

FIG. 13 I1s a block diagram for an exemplary Multi-view Video Coding (MVC) decoder to which
the present principles may be applied, In accordance with an embodiment of the present
principles;

FIG. 14 I1s a flow diagram for a method for processing pictures for a plurality of views In
preparation for encoding the pictures using the multi-view video coding (MVC) extension of the
MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 15 Is a flow diagram for a method for encoding pictures for a plurality of views using the
multi-view video coding (MVC) extension of the MPEG-4 AVC Standard, in accordance with an
embodiment of the present principles;

FIG. 16 1s a flow diagram for a method for processing pictures for a plurality of views In
preparation for decoding the pictures using the multi-view video coding (MVC) extension of the
MPEG-4 AVC Standard, in accordance with an embodiment of the present principles;

FIG. 17 1s a flow diagram for a method for decoding pictures for a plurality of views using the
multi-view video coding (MVC) extension of the MPEG-4 AVC Standard, in accordance with an
embodiment of the present principles;

FIG. 18 1s a flow diagram for a method for processing pictures for a plurality of views and
depths In preparation for encoding the pictures using the multi-view video coding (MVC)
extension of the MPEG-4 AVC Standard, in accordance with an embodiment of the present
principles;

FIG. 19 Is a flow diagram for a method for encoding pictures for a plurality of views and depths
using the multi-view video coding (MVC) extension of the MPEG-4 AVC Standard, In
accordance with an embodiment of the present principles;

FIG. 20 1s a flow diagram for a method for processing pictures for a plurality of views and
depths In preparation for decoding the pictures using the multi-view video coding (MVC)
extension of the MPEG-4 AVC Standard, in accordance with an embodiment of the present
principles;
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FIG. 21 1s a flow diagram for a method for decoding pictures for a plurality of views and depths
using the multi-view video coding (MVC) extension of the MPEG-4 AVC Standard, In
accordance with an embodiment of the present principles;

FIG. 22 I1s a diagram showing tiling examples at the pixel level, in accordance with an
embodiment of the present principles; and

FIG. 23 shows a block diagram for a video processing device to which the present principles
may be applied, in accordance with an embodiment of the present principles.

DETAILED DESCRIPTION

[0011] Various implementations are directed to methods and apparatus for view tiling in video
encoding and decoding. 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.

[0012] 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.

[0013] 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.

[0014] 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 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.

[0015] 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
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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.

[0016] 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.

[0017] In the claims hereof, any element expressed as a means for performing a specified
function i1s 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 i1s thus regarded that
any means that can provide those functionalities are equivalent to those shown herein.

[0018] Reference In the specification to "one embodiment” (or "one implementation™) or "an
embodiment” (or "an implementation”) 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 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.

[0019] It I1s 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
isted 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.

[0020] Moreover, it I1s to be appreciated that while one or more embodiments of the present
principles are described herein with respect to the MPEG-4 AVC standard, the present
principles are not limited to solely this standard and, thus, may be utilized with respect to other
standards, recommendations, and extensions thereof, particularly video coding standards,
recommendations, and extensions thereof, including extensions of the MPEG-4 AVC standard.
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[0021] Further, 1t I1s to be appreciated that while one or more other embodiments of 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 extension and/or
this standard and, thus, may be utilized with respect to other video coding standards,
recommendations, and extensions thereof relating to multi-view video coding. Multi-view video
coding (MVC) Is the compression framework for the encoding of multi-view sequences. A Multi-
view Video Coding (MVC) sequence Is a set of two or more video sequences that capture the
same scene from a different view point.

[0022] Also, 1t Is to be appreciated that while one or more other embodiments of the present
principles are described herein that use depth information with respect to video content, the
present principles are not limited to such embodiments and, thus, other embodiments may be
Implemented that do not use depth information.

[0023] Additionally, as used herein, "high level syntax” refers to syntax present in the bitstream
that resides hierarchically above the macroblock layer. For example, high level syntax, as used
herein, may refer to, but i1s not limited to, syntax at the slice header level, Supplemental
Enhancement Information (SEl) level, Picture Parameter Set (PPS) level, Sequence Parameter
Set (SPS) level, View Parameter Set (VPS), and Network Abstraction Layer (NAL) unit header
level.

[0024] In the current implementation of multi-video coding (MVC) based on the International
Organization for Standardization/International Electrotechnical Commission (ISO/IEC) Moving
Picture Experts Group-4 (MPEG-4) Part 10 Advanced Video Coding (AVC)
standard/International Telecommunication Union, Telecommunication Sector (ITU-T) H.264
Recommendation (hereinafter the "MPEG-4 AVC Standard”), the reference software achieves
multi-view prediction by encoding each view with a single encoder and taking into consideration
the cross-view references. Each view Is coded as a separate bitstream by the encoder in its
original resolution and later all the bitstreams are combined to form a single bitstream which is
then decoded. Each view produces a separate YUV decoded output.

[0025] Another approach for multi-view prediction involves grouping a set of views into pseudo
views. In one example of this approach, we can tile the pictures from every N views out of the
total M views (sampled at the same time) on a larger frame or a super frame with possible
downsampling or other operations. Turning to FIG. 1, an example of four views tiled on a
single frame Is Indicated generally by the reference numeral 100. All four views are In their
normal orientation.

[0026] Turning to FIG. 2, an example of four views flipped and tiled on a single frame iIs
Indicated generally by the reference numeral 200. The top-left view is In its normal orientation.
The top-right view Is flipped horizontally. The bottom-left view Is flipped vertically. The bottom-
right view is flipped both horizontally and vertically. Thus, If there are four views, then a picture
from each view Is arranged In a super-frame like a tile. This results in a single un-coded input
segquence with a large resolution.



DK/EP 3399756 T3

[0027] Alternatively, we can downsample the image to produce a smaller resolution. Thus, we
create multiple sequences which each include different views that are tiled together. Each such
sequence then forms a pseudo view, where each pseudo view Includes N different tiled views.
FIG. 1 shows one pseudo-view, and FIG. 2 shows another pseudo-view. These pseudo views
can then be encoded using existing video coding standards such as the ISO/IEC MPEG-2
Standard and the MPEG-4 AVC Standard.

[0028] Yet another approach for multi-view prediction simply involves encoding the different
views Independently using a new standard and, after decoding, tiling the views as required by
the player.

[0029] Further, In another approach, the views can also be tiled in a pixel wise way. For
example, in a super view that iIs composed of four views, pixel (x, y) may be from view 0, while
pixel (x+1, y) may be from view 1, pixel (x, y+1) may be from view 2, and pixel (x+1, y+1) may
be from view 3.

[0030] Many displays manufacturers use such a frame work of arranging or tiling different
views on a single frame and then extracting the views from their respective locations and
rendering them. In such cases, there Iis no standard way to determine If the bitstream has such
a property. Thus, If a system uses the method of tiling pictures of different views In a large
frame, then the method of extracting the different views Is proprietary.

[0031] However, there I1s no standard way to determine If the bitstream has such a property.
We propose high level syntax In order to facilitate the renderer or player to extract such
Information In order to assist in display or other post-processing. It is also possible the sub-
pictures have different resolutions and some upsampling may be needed to eventually render
the view. The user may want to have the method of upsample indicated in the high level syntax
as well. Additionally, parameters to change the depth focus can also be transmitted.

[0032] In an embodiment, we propose a new Supplemental Enhancement Information (SEI)
message for signaling multi-view information in a MPEG-4 AVC Standard compatible bitstream
where each picture includes sub-pictures which belong to a different view. The embodiment is
Intended, for example, for the easy and convenient display of multi-view video streams on
three-dimensional (3D) monitors which may use such a framework. The concept can be
extended to other video coding standards and recommendations signaling such information
using high level syntax.

[0033] Moreover, In an embodiment, we propose a signaling method of how to arrange views
before they are sent to the multi-view video encoder and/or decoder. Advantageously, the
embodiment may lead to a simplified implementation of the multi-view coding, and may benefit
the coding efficiency. Certain views can be put together and form a pseudo view or super view
and then the tiled super view Is treated as a normal view by a common multi-view video
encoder and/or decoder, for example, as per the current MPEG-4 AVC Standard based
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Implementation of multi-view video coding. A new flag Is proposed in the Sequence Parameter
Set (SPS) extension of multi-view video coding to signal the use of the technique of pseudo
views. The embodiment is intended for the easy and convenient display of multi-view video
streams on 3D monitors which may use such a framework.

Encoding/decoding using a single-view video encoding/decoding
standard/recommendation

[0034] In the current implementation of multi-video coding (MVC) based on the International
Organization for Standardization/International Electrotechnical Commission (ISO/IEC) Moving
Picture Experts Group-4 (MPEG-4) Part 10 Advanced Video Coding (AVC)
standard/International Telecommunication Union, Telecommunication Sector (ITU-T) H.264
Recommendation (hereinafter the "MPEG-4 AVC Standard”), the reference software achieves
multi-view prediction by encoding each view with a single encoder and taking into consideration
the cross-view references. Each view Is coded as a separate bitstream by the encoder In its
original resolution and later all the bitstreams are combined to form a single bitstream which is
then decoded. Each view produces a separate YUV decoded output.

[0035] Another approach for multi-view prediction involves tiling the pictures from each view
(sampled at the same time) on a larger frame or a super frame with a possible downsampling
operation. Turning to FIG. 1, an example of four views tiled on a single frame Is Indicated
generally by the reference numeral 100. Turning to FIG. 2, an example of four views flipped
and tiled on a single frame iIs indicated generally by the reference numeral 200. Thus, If there
are four views, then a picture from each view iIs arranged In a super-frame like a tile. This
results in a single un-coded Iinput sequence with a large resolution. This signal can then be
encoded using existing video coding standards such as the |ISO/IEC MPEG-2 Standard and the
MPEG-4 AVC Standard.

[0036] Yet another approach for multi-view prediction simply involves encoding the different
views Independently using a new standard and, after decoding, tiling the views as required by
the player.

[0037] Many displays manufacturers use such a frame work of arranging or tiling different
views on a single frame and then extracting the views from their respective locations and
rendering them. In such cases, there Is no standard way to determine If the bitstream has such
a property. Thus, If a system uses the method of tiling pictures of different views In a large
frame, then the method of extracting the different views is proprietary.

[0038] Turning to FIG. 3, a video encoder capable of performing video encoding in accordance
with the MPEG-4 AVC standard is indicated generally by the reference numeral 300.

[0039] The video encoder 300 includes a frame ordering buffer 310 having an output in signal
communication with a non-inverting input of a combiner 385. An output of the combiner 385 Is
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connected In signal communication with a first input of a transformer and quantizer 325. An
output of the transformer and quantizer 325 Is connected In signal communication with a first
Input of an entropy coder 345 and a first input of an inverse transformer and inverse quantizer
350. An output of the entropy coder 345 iIs connected Iin signal communication with a first non-
iInverting input of a combiner 390. An output of the combiner 390 Is connected In signal
communication with a first input of an output buffer 335.

[0040] A first output of an encoder controller 305 1s connected In signal communication with a
second Iinput of the frame ordering buffer 310, a second Iinput of the inverse transformer and
Inverse quantizer 350, an Input of a picture-type decision module 315, an Input of a
macroblock-type (MB-type) decision module 320, a second input of an intra prediction module
360, a second input of a deblocking filter 3695, a first input of a motion compensator 370, a first
Input of a motion estimator 375, and a second input of a reference picture buffer 380.

[0041] A second output of the encoder controller 305 Is connected In signal communication
with a first input of a Supplemental Enhancement Information (SEl) inserter 330, a second
Input of the transformer and quantizer 325, a second input of the entropy coder 345, a second
Input of the output buffer 335, and an input of the Sequence Parameter Set (SPS) and Picture
Parameter Set (PPS) inserter 340.

[0042] A first output of the picture-type decision module 315 Is connected In signal
communication with a third input of a frame ordering buffer 310. A second output of the
picture-type decision module 315 is connected in signal communication with a second input of
a macroblock-type decision module 320.

[0043] An output of the Sequence Parameter Set (SPS) and Picture Parameter Set (PPS)
Inserter 340 Is connected In signal communication with a third non-inverting input of the
combiner 390. An output of the SEI Inserter 330 Is connected In signal communication with a
second non-inverting input of the combiner 390.

[0044] An output of the Inverse quantizer and inverse transformer 350 I1s connected In signal
communication with a first non-inverting input of a combiner 319. An output of the combiner
319 Is connected In signal communication with a first input of the intra prediction module 360
and a first input of the deblocking filter 365. An output of the deblocking filter 365 Is connected
In signal communication with a first input of a reference picture buffer 380. An output of the
reference picture buffer 380 Is connected In signal communication with a second input of the
motion estimator 375 and with a first input of a motion compensator 370. A first output of the
motion estimator 375 Is connected in signal communication with a second input of the motion
compensator 370. A second output of the motion estimator 375 I1s connected In signal
communication with a third input of the entropy coder 345.

[0045] An output of the motion compensator 370 is connected In signal communication with a
first input of a switch 397. An output of the Intra prediction module 360 Is connected In signal
communication with a second input of the switch 397. An output of the macroblock-type
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decision module 320 1s connected In signal communication with a third input of the switch 397
In order to provide a control input to the switch 397. The third input of the switch 397
determines whether or not the "data” input of the switch (as compared to the control input, I.e.,
the third input) 1s to be provided by the motion compensator 370 or the intra prediction module
360. The output of the switch 397 Is connected In signal communication with a second non-
iInverting input of the combiner 319 and with an inverting input of the combiner 385.

[0046] Inputs of the frame ordering buffer 310 and the encoder controller 105 are available as
Input of the encoder 300, for receiving an Input picture 301. Moreover, an Iinput of the
supplemental Enhancement Information (SEI) inserter 330 is available as an input of the
encoder 300, for receiving metadata. An output of the output buffer 335 Is available as an
output of the encoder 300, for outputting a bitstream.

[0047] Turning to FIG. 4, a video decoder capable of performing video decoding in accordance
with the MPEG-4 AVC standard is indicated generally by the reference numeral 400.

[0048] The video decoder 400 includes an input buffer 410 having an output connected In
signal communication with a first input of the entropy decoder 445. A first output of the entropy
decoder 445 s connected in signal communication with a first input of an inverse transformer
and inverse quantizer 450. An output of the Inverse transformer and inverse quantizer 450 is
connected In signal communication with a second non-inverting input of a combiner 425. An
output of the combiner 425 Is connected In signal communication with a second input of a
deblocking filter 465 and a first input of an intra prediction module 460. A second output of the
deblocking filter 465 Is connected In signal communication with a first input of a reference
picture buffer 480. An output of the reference picture buffer 480 Is connected In signal
communication with a second input of a motion compensator 470.

[0049] A second output of the entropy decoder 445 1s connected In signal communication with
a third input of the motion compensator 470 and a first input of the deblocking filter 465. A third
output of the entropy decoder 445 is connected In signal communication with an input of a
decoder controller 405. A first output of the decoder controller 405 Is connected In signal
communication with a second input of the entropy decoder 445. A second output of the
decoder controller 405 1s connected in signal communication with a second input of the Iinverse
transformer and inverse quantizer 450. A third output of the decoder controller 405 is
connected In signal communication with a third input of the deblocking filter 465. A fourth
output of the decoder controller 405 1s connected in signal communication with a second input
of the Intra prediction module 460, with a first input of the motion compensator 470, and with a
second input of the reference picture buffer 480.

[0050] An output of the motion compensator 470 is connected In signal communication with a
first input of a switch 497. An output of the Intra prediction module 460 is connected In signal
communication with a second input of the switch 497. An output of the switch 497 I1s connected
In signal communication with a first non-inverting input of the combiner 425.
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[0051] An Input of the Input buffer 410 Is available as an input of the decoder 400, for recelving
an input bitstream. A first output of the deblocking filter 465 Is available as an output of the
decoder 400, for outputting an output picture.

[0052] Turning to FIG. 5, an exemplary method for encoding pictures for a plurality of views
using the MPEG-4 AVC Standard is indicated generally by the reference numeral 500.

[0053] The method 500 includes a start block 502 that passes control to a function block 504.
The function block 504 arranges each view at a particular time instance as a sub-picture In tile
format, and passes control to a function block 506. The function block 506 sets a syntax
element num_coded views _minus1, and passes control to a function block 508. The function
block 508 sets syntax elements org_pic_width _In_mbs minus1 and
org_pic_height iIn_mbs _minus1, and passes control to a function block 510. The function block
510 sets a variable |1 equal to zero, and passes control to a decision block 512. The decision
block 512 determines whether or not the variable 11s less than the number of views. If so, then
control i1s passed to a function block 514. Otherwise, control i1s passed to a function block 524.

[0054] The function block 514 sets a syntax element view id[i], and passes control to a
function block 516. The function block 516 sets a syntax element num_parts[view id[i]], and
passes control to a function block 518. The function block 518 sets a variable | equal to zero,
and passes control to a decision block 520. The decision block 520 determines whether or not
the current value of the variable | 1s less than the current value of the syntax element
num_parts[view Id[i]]. If so, then control is passed to a function block 522. Otherwise, control is
passed to a function block 528.

[0055] The function block 522 sets the following syntax elements, increments the variable |,
and then returns control to the decision block 520: depth_flag[view _id[i]][j]; flip_dir[view _id[i}][}];
loc_left offset[view id[i]][j]; loc top_ offset|view (d[i]][j]; frame_crop left offset[view d[i]][j];
frame crop right offset[view id[i]][j]; frame crop top offset[view id[i]][j]; and
frame_crop bottom_offset[view id[i]][J].

[0056] The function block 528 sets a syntax element upsample view flag[view id[i]], and
passes control to a decision block 530. The decision block 530 determines whether or not the
current value of the syntax element upsample view flag[view id[i]] is equal to one. If so, then
control is passed to a function block 532. Otherwise, control is passed to a decision block 534.

[0057] The function block 532 sets a syntax element upsample filter[view id[i]], and passes
control to the decision block 534.

[0058] The decision block 534 determines whether or not the current value of the syntax
element upsample filter[view id[i]] i1s equal to three. If so, then control is passed to a function

block 536. Otherwise, control is passed to a function block 540.

[0059] The function block 536 sets the following syntax elements and passes control to a
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function block 538: vert dim[view id[i]]; hor _dim[view id[i]]; and quantizer[view id]i]].

[0060] The function block 538 sets the filter coefficients for each YUV component, and passes
control to the function block 540.

[0061] The function block 540 increments the variable I, and returns control to the decision
block 512.

[0062] The function block 524 writes these syntax elements to at least one of the Sequence
Parameter Set (SPS), Picture Parameter Set (PPS), Supplemental Enhancement Information
(SEl) message, Network Abstraction Layer (NAL) unit header, and slice header, and passes
control to a function block 526. The function block 526 encodes each picture using the MPEG-
4 AVC Standard or other single view codec, and passes control to an end block 599.

[0063] Turning to FIG. 6, an exemplary method for decoding pictures for a plurality of views
using the MPEG-4 AVC Standard is indicated generally by the reference numeral 600.

[0064] The method 600 includes a start block 602 that passes control to a function block 604.
The function block 604 parses the following syntax elements from at least one of the Sequence
Parameter Set (SPS), Picture Parameter Set (PPS), Supplemental Enhancement Information
(SEl) message, Network Abstraction Layer (NAL) unit header, and slice header, and passes
control to a function block 606. The function block 606 parses a syntax element
num_coded views minus1, and passes control to a function block 608. The function block 608
parses syntax elements org pic width iIn._mbs minus1 and org pic_height in_mbs minus1,
and passes control to a function block 610. The function block 610 sets a variable |1 equal to
zero, and passes control to a decision block 612. The decision block 612 determines whether
or not the variable 1 i1s less than the number of views. If so, then control is passed to a function
block 614. Otherwise, control is passed to a function block 624.

[0065] The function block 614 parses a syntax element view Id[i], and passes control to a
function Dblock ©616. The function block 616 parses a syntax element
num_parts minus1[view _Id[i]], and passes control to a function block 618. The function block
618 sets a variable | equal to zero, and passes control to a decision block 620. The decision
block 620 determines whether or not the current value of the variable | is less than the current
value of the syntax element num_parts|view Id[i]]. If so, then control is passed to a function
block 622. Otherwise, control is passed to a function block 628.

[0066] The function block 622 parses the following syntax elements, increments the variable |,
and then returns control to the decision block 620: depth_flag[view id[i]][j]; flip_dir[view 1d[i]][}];
loc_left offset[view Id[i]][j]; loc top offset[view Id[i]][}]; frame_crop left offset[view id[i]][}];
frame crop right offset[view id[i]l[j]; frame crop top offset[view id[i]][jl; and
frame_crop bottom_offset[view Id[i]][]].

[0067] The function block 628 parses a syntax element upsample view flag[view id[i]], and
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passes control to a decision block 630. The decision block 630 determines whether or not the
current value of the syntax element upsample view flag[view id[i]] is equal to one. If so, then
control is passed to a function block 632. Otherwise, control is passed to a decision block 634.

[0068] The function block 632 parses a syntax element upsample filter[view Id[i]], and passes
control to the decision block 634.

[0069] The decision block 634 determines whether or not the current value of the syntax
element upsample filter[view id[i]] i1s equal to three. If so, then control is passed to a function
block 636. Otherwise, control is passed to a function block 640.

[0070] The function block 636 parses the following syntax elements and passes control to a
function block 638: vert_dim[view id[i]]; hor _dim|[view id[i]]; and quantizer[view id[]].

[0071] The function block 638 parses the filter coefficients for each YUV component, and
passes control to the function block 640.

[0072] The function block 640 increments the variable I, and returns control to the decision
block 612.

[0073] The function block 624 decodes each picture using the MPEG-4 AVC Standard or other
single view codec, and passes control to a function block 626. The function block 626

separates each view from the picture using the high level syntax, and passes control to an end
block 699.

[0074] Turning to FIG. 7, an exemplary method for encoding pictures for a plurality of views
and depths using the MPEG-4 AVC Standard is indicated generally by the reference numeral
700.

[0075] The method 700 includes a start block 702 that passes control to a function block 704.
The function block 704 arranges each view and corresponding depth at a particular time
Instance as a sub-picture In tile format, and passes control to a function block 706. The
function block 706 sets a syntax element num_coded views minus1, and passes control to a
function block 708. The function block 708 sets syntax elements
org pic width In._mbs minus1 and org pic height in_mbs minus1, and passes control to a
function block 710. The function block 710 sets a variable 1 equal to zero, and passes control to
a decision block 712. The decision block 712 determines whether or not the variable 1 Is less
than the number of views. If so, then control I1s passed to a function block 714. Otherwise,
control I1s passed to a function block 724.

[0076] The function block 714 sets a syntax element view Id[l]], and passes control to a
function block 716. The function block 716 sets a syntax element num_parts[view id[i]], and
passes control to a function block 718. The function block 718 sets a variable | equal to zero,
and passes control to a decision block 720. The decision block 720 determines whether or not
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the current value of the variable | 1s less than the current value of the syntax element
num_parts[view Id[i]]. If so, then control is passed to a function block 722. Otherwise, control is
passed to a function block 728.

[0077] The function block 722 sets the following syntax elements, increments the variable |,
and then returns control to the decision block 720: depth_flag[view id[i]][j]; flip_dir[view 1d[i}][}];
loc_left offset[view Id[i]][j]; loc top offset[view Id[i]][}]; frame_crop left offset[view id[i]][}];
frame crop right offset[view id[ill[j]; frame crop top offset[view id[i]l[jl; and
frame_crop bottom_offset[view Id[i]][]].

[0078] The function block 728 sets a syntax element upsample view flag[view id[i]], and
passes control to a decision block 730. The decision block 730 determines whether or not the
current value of the syntax element upsample view flag[view id[i]] is equal to one. If so, then
control i1s passed to a function block 732. Otherwise, control is passed to a decision block 734.

[0079] The function block 732 sets a syntax element upsample filter[view id[i]], and passes
control to the decision block 734.

[0080] The decision block 734 determines whether or not the current value of the syntax
element upsample filter[view id[i]] i1s equal to three. If so, then control is passed to a function
block 736. Otherwise, control is passed to a function block 740.

[0081] The function block 736 sets the following syntax elements and passes control to a
function block 738: vert dim[view id[i]]; hor_dim[view id[i]]; and quantizer[view Id]i]].

[0082] The function block 738 sets the filter coefficients for each YUV component, and passes
control to the function block 740.

[0083] The function block 740 increments the variable I, and returns control to the decision
block 712.

[0084] The function block 724 writes these syntax elements to at least one of the Sequence
Parameter Set (SPS), Picture Parameter Set (PPS), Supplemental Enhancement Information
(SEl) message, Network Abstraction Layer (NAL) unit header, and slice header, and passes
control to a function block 726. The function block 726 encodes each picture using the MPEG-
4 AVC Standard or other single view codec, and passes control to an end block 799.

[0085] Turning to FIG. 8, an exemplary method for decoding pictures for a plurality of views
and depths using the MPEG-4 AVC Standard is indicated generally by the reference numeral
300.

[0086] The method 800 includes a start block 802 that passes control to a function block 804.
The function block 804 parses the following syntax elements from at least one of the Sequence
Parameter Set (SPS), Picture Parameter Set (PPS), Supplemental Enhancement Information
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(SEl) message, Network Abstraction Layer (NAL) unit header, and slice header, and passes
control to a function block 806. The function block 806 parses a syntax element
num_coded views minus1, and passes control to a function block 808. The function block 808
parses syntax elements org pic width iIn._mbs minus1 and org pic _height in._mbs minus1,
and passes control to a function block 810. The function block 810 sets a variable | equal to
zero, and passes control to a decision block 812. The decision block 812 determines whether
or not the variable 1 is less than the number of views. If so, then control is passed to a function
block 814. Otherwise, control is passed to a function block 824.

[0087] The function block 814 parses a syntax element view id[l], and passes control to a
function Dblock 816. The function Dblock 816 parses a syntax element
num_parts minus1[view Id[i]], and passes control to a function block 818. The function block
818 sets a variable | equal to zero, and passes control to a decision block 820. The decision
block 820 determines whether or not the current value of the variable | is less than the current
value of the syntax element num_parts[view id[i]]. If so, then control is passed to a function
block 822. Otherwise, control is passed to a function block 828.

[0088] The function block 822 parses the following syntax elements, increments the variable |,
and then returns control to the decision block 820: depth flag[view id[i]I[j]; flip_dir[view 1d[i}]1[}];
loc left offset[view Id[i]][}]; loc top offset[view Id[i]][}]; frame_ crop left offset[view Id[i]][}];
frame crop right offset[view id[i]l[j]; frame crop top offset[view id[i]l[jl; and
frame_crop bottom_offset[view Id[i]][]].

[0089] The function block 828 parses a syntax element upsample view flag[view id[i]], and
passes control to a decision block 830. The decision block 830 determines whether or not the
current value of the syntax element upsample view flag[view Id[i]] is equal to one. If so, then
control i1s passed to a function block 832. Otherwise, control is passed to a decision block 834.

[0090] The function block 832 parses a syntax element upsample_filter[view id[i]], and passes
control to the decision block 834.

[0091] The decision block 834 determines whether or not the current value of the syntax
element upsample filter[view id[i]] i1s equal to three. If so, then control is passed to a function
block 836. Otherwise, control is passed to a function block 840.

[0092] The function block 836 parses the following syntax elements and passes control to a
function block 838: vert dim[view id[i]]; hor_dim[view id[i]]; and quantizer[view Id]i]].

[0093] The function block 838 parses the filter coefficients for each YUV component, and
passes control to the function block 840.

[0094] The function block 840 increments the variable I, and returns control to the decision
block 812.



DK/EP 3399756 T3

[0095] The function block 824 decodes each picture using the MPEG-4 AVC Standard or other
single view codec, and passes control to a function block 826. The function block 826
separates each view and corresponding depth from the picture using the high level syntax, and
passes control to a function block 827. The function block 827 potentially performs view
synthesis using the extracted view and depth signals, and passes control to an end block 899.

[0096] With respect to the depth used In FIGs. 7 and 8, FIG. 9 shows an example of a depth
signal 900, where depth Is provided as a pixel value for each corresponding location of an
Image (not shown). Further, FIG. 10 shows an example of two depth signals included in a tile
1000. The top-right portion of tile 1000 i1s a depth signal having depth values corresponding to
the image on the top-left of tile 1000. The bottom-right portion of tile 1000 I1s a depth signal
having depth values corresponding to the image on the bottom-left of tile 1000.

[0097] Turning to FIG. 11, an example of 5 views tiled on a single frame Is indicated generally
by the reference numeral 1100. The top four views are in a normal orientation. The fifth view is
also In a normal orientation, but is split into two portions along the bottom of tile 1100. A left-
portion of the fifth view shows the "top" of the fifth view, and a right-portion of the fifth view
shows the "bottom" of the fifth view.

Encoding/decoding using a multi-view video encoding/decoding
standard/recommendation

[0098] Turning to FIG. 12, an exemplary Multi-view Video Coding (MVC) encoder Is indicated
generally by the reference numeral 1200. The encoder 1200 includes a combiner 1205 having
an output connected in signal communication with an input of a transformer 1210. An output of
the transformer 1210 Is connected In signal communication with an input of quantizer 1215. An
output of the quantizer 1215 is connected Iin signal communication with an input of an entropy
coder 1220 and an input of an inverse quantizer 1225. An output of the inverse quantizer 1225
IS connected In signal communication with an input of an inverse transformer 1230. An output
of the Inverse transformer 1230 Is connected In signal communication with a first non-inverting
input of a combiner 1235. An output of the combiner 1235 Is connected In signal
communication with an input of an intra predictor 1245 and an input of a deblocking filter 1250.
An output of the deblocking filter 1250 I1s connected In signal communication with an input of a
reference picture store 1255 (for view 1). An output of the reference picture store 1255 is
connected In signal communication with a first input of a motion compensator 1275 and a first
Input of a motion estimator 1280. An output of the motion estimator 1280 i1s connected In signal
communication with a second input of the motion compensator 1275

[0099] An output of a reference picture store 1260 (for other views) Is connected In signal
communication with a first input of a disparity estimator 1270 and a first input of a disparity
compensator 1265. An output of the disparity estimator 1270 Is connected In signal
communication with a second input of the disparity compensator 1265.
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[0100] An output of the entropy decoder 1220 Is availlable as an output of the encoder 1200. A
non-inverting input of the combiner 1205 Is available as an input of the encoder 1200, and Is
connected In signal communication with a second input of the disparity estimator 1270, and a
second input of the motion estimator 1280. An output of a switch 1285 I1s connected In signal
communication with a second non-inverting input of the combiner 1235 and with an inverting
iInput of the combiner 1205. The switch 1285 Includes a first input connected In signal
communication with an output of the motion compensator 1275, a second input connected In
signal communication with an output of the disparity compensator 1265, and a third input
connected in signal communication with an output of the intra predictor 1245.

[0101] A mode decision module 1240 has an output connected to the switch 1285 for
controlling which input is selected by the switch 1285.

[0102] Turning to FIG. 13, an exemplary Multi-view Video Coding (MVC) decoder is indicated
generally by the reference numeral 1300. The decoder 1300 Includes an entropy decoder
1305 having an output connected In signal communication with an input of an inverse quantizer
1310. An output of the iInverse quantizer is connected In signal communication with an input of
an inverse transformer 1315. An output of the inverse transformer 1315 i1s connected in signal
communication with a first non-inverting input of a combiner 1320. An output of the combiner
1320 I1s connected In signal communication with an input of a deblocking filter 1325 and an
iInput of an intra predictor 1330. An output of the deblocking filter 1325 I1s connected In signal
communication with an input of a reference picture store 1340 (for view 1). An output of the
reference picture store 1340 i1s connected In signal communication with a first input of a motion
compensator 1335.

[0103] An output of a reference picture store 1345 (for other views) Is connected In signal
communication with a first input of a disparity compensator 1350.

[0104] An Input of the entropy coder 1305 1s avallable as an input to the decoder 1300, for
receiving a residue bitstream. Moreover, an input of a mode module 1360 Is also available as
an input to the decoder 1300, for recelving control syntax to control which input Is selected by
the switch 1355. Further, a second input of the motion compensator 1335 Is available as an
Input of the decoder 1300, for receiving motion vectors. Also, a second input of the disparity
compensator 1350 Is available as an input to the decoder 1300, for receiving disparity vectors.

[0105] An output of a switch 1355 Is connected In signal communication with a second non-
iInverting input of the combiner 1320. A first input of the switch 1355 Is connected In signal
communication with an output of the disparity compensator 1350. A second input of the switch
1355 I1s connected In signal communication with an output of the motion compensator 1335. A
third input of the switch 1355 Is connected In signal communication with an output of the Intra
predictor 1330. An output of the mode module 1360 Is connected In signal communication with
the switch 1355 for controlling which input is selected by the switch 1355. An output of the
deblocking filter 1325 Is available as an output of the decoder 1300.
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[0106] Turning to FIG. 14, an exemplary method for processing pictures for a plurality of views
In preparation for encoding the pictures using the multi-view video coding (MVVC) extension of
the MPEG-4 AVC Standard is indicated generally by the reference numeral 1400.

[0107] The method 1400 includes a start block 1405 that passes control to a function block
1410. The function block 1410 arranges every N views, among a total of M views, at a
particular time instance as a super-picture in tile format, and passes control to a function block
1415. The function block 1415 sets a syntax element num_coded views minus1, and passes
control to a function block 1420. The function block 1420 sets a syntax element view _id[i] for all
(num_coded _views_minus1 + 1) views, and passes control to a function block 1425. The
function block 1425 sets the Inter-view reference dependency information for anchor pictures,
and passes control to a function block 1430. The function block 1430 sets the Iinter-view
reference dependency information for non-anchor pictures, and passes control to a function
block 1435. The function block 1435 sets a syntax element pseudo view present flag, and
passes control to a decision block 1440. The decision block 1440 determines whether or not
the current value of the syntax element pseudo view present flag is equal to true. If so, then
control is passed to a function block 1445. Otherwise, control is passed to an end block 1499.

[0108] The function block 1445 sets the following syntax elements, and passes control to a
function block 1450: tiing mode; org pic width In_mbs minus1; and
org pic_height in_ mbs minus1. The function block 1450 <calls a syntax element
pseudo view Info(view Id) for each coded view, and passes control to the end block 1499.

[0109] Turning to FIG. 15, an exemplary method for encoding pictures for a plurality of views
using the multi-view video coding (MVC) extension of the MPEG-4 AVC Standard iIs indicated

generally by the reference numeral 1500.

[0110] The method 1500 Includes a start block 1502 that has an Input parameter
pseudo_view Id and passes control to a function block 1504. The function block 1504 sets a
syntax element num_sub_views minus1, and passes control to a function block 1506. The
function block 1506 sets a variable |1 equal to zero, and passes control to a decision block
1508. The decision block 1508 determines whether or not the variable 1 i1s less than the
number of sub views. If so, then control is passed to a function block 1510. Otherwise, control
IS passed to a function block 1520.

[0111] The function block 1510 sets a syntax element sub viewid|l], and passes control to a
function Dblock 1512. The function Dblock 1512 sets a syntax element
num_parts minusi1[sub_ view Id[i]], and passes control to a function block 1514. The function
block 1514 sets a variable | equal to zero, and passes control to a decision block 1516. The
decision block 1516 determines whether or not the variable | is less than the syntax element
num_parts_minus1[sub_view Id[i]]. If so, then control I1s passed to a function block 1518.
Otherwise, control is passed to a decision block 1522.

[0112] The function block 1518 sets the following syntax elements, increments the variable |,



DK/EP 3399756 T3

and returns control to the decision block 1516: loc left offset[sub view id[i]][j];
loc_top offset[sub view d[i]][j]; frame_crop left offset[sub_view 1d[i]][j];
frame crop right offset[sub view id[i]][j]; frame crop top offset[sub view id[i]][]; and
frame crop bottom_ offset[sub view id[i][j].

[0113] The function block 1520 encodes the current picture for the current view using multi-
view video coding (MVC), and passes control to an end block 1599.

[0114] The decision block 1522 determines whether or not a syntax element tiling_mode Is
equal to zero. If so, then control I1s passed to a function block 1524. Otherwise, control Is
passed to a function block 1538.

[0115] The function block 1524 sets a syntax element flip_dir[sub_view id[i]] and a syntax
element upsample view flag[sub view id[i]], and passes control to a decision block 1526. The
decision block 1526 determines whether or not the current value of the syntax element
upsample view flag[sub view id[i]] is equal to one. If so, then control is passed to a function
block 1528. Otherwise, control is passed to a decision block 1530.

[0116] The function block 1528 sets a syntax element upsample filter[sub view id[i]], and
passes control to the decision block 1530. The decision block 1530 determines whether or not
a value of the syntax element upsample filter[sub_view id[i]] is equal to three. If so, the control
IS passed to a function block 1532. Otherwise, control is passed to a function block 1536.

[0117] The function block 1532 sets the following syntax elements, and passes control to a
function block 1534 vert_ dim[sub_view id[l]]; hor _dim[sub view id[i]]; and
quantizer[sub_view Id[i]]. The function block 1534 sets the filter coefficients for each YUV
component, and passes control to the function block 1536.

[0118] The function block 1536 increments the variable I, and returns control to the decision
block 1508.

[0119] The function block 1538 sets a syntax element pixel dist x[sub view id[i]] and the
syntax element flip _dist y[sub view Id[i]], and passes control to a function block 1540. The
function block 1540 sets the variable | equal to zero, and passes control to a decision block
1542. The decision block 1542 determines whether or not the current value of the variable | is
less than the current value of the syntax element num_parts[sub_view id[i]]. If so, then control
IS passed to a function block 1544. Otherwise, control is passed to the function block 1536.

[0120] The function block 1544 sets a syntax element
num_pixel tiling filter coeffs minus1[sub view Id[i]], and passes control to a function block
1546. The function block 1546 sets the coefficients for all the pixel tiling filters, and passes
control to the function block 1536.

[0121] Turning to FIG. 16, an exemplary method for processing pictures for a plurality of views
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In preparation for decoding the pictures using the multi-view video coding (MVC) extension of
the MPEG-4 AVC Standard is indicated generally by the reference numeral 1600.

[0122] The method 1600 Iincludes a start block 1605 that passes control to a function block
1615. The function block 1615 parses a syntax element num coded views minus1, and
passes control to a function block 1620. The function block 1620 parses a syntax element
view Id[i] for all (num_coded views minus1 + 1) views, and passes control to a function block
1625. The function block 1625 parses the inter-view reference dependency information for
anchor pictures, and passes control to a function block 1630. The function block 1630 parses
the Inter-view reference dependency information for non-anchor pictures, and passes control
to a function block 1635. The function block 1635 parses a syntax element pseudo
_view_present_flag, and passes control to a decision block 1640. The decision block 1640
determines whether or not the current value of the syntax element pseudo view present flag
IS equal to true. If so, then control is passed to a function block 1645. Otherwise, control Is
passed to an end block 1699.

[0123] The function block 1645 parses the following syntax elements, and passes control to a
function block 1650: tiing mode; org pic width In._mbs minus1; and
org pic_height in._ mbs minus1. The function block 1650 <calls a syntax element
pseudo view Info(view Id) for each coded view, and passes control to the end block 1699.

[0124] Turning to FIG. 17, an exemplary method for decoding pictures for a plurality of views
using the multi-view video coding (MVC) extension of the MPEG-4 AVC Standard Is indicated
generally by the reference numeral 1700.

[0125] The method 1700 includes a start block 1702 that starts with Input parameter
pseudo_view Id and passes control to a function block 1704. The function block 1704 parses a
syntax element num_sub_views minus1, and passes control to a function block 1706. The
function block 1706 sets a variable |1 equal to zero, and passes control to a decision block
1708. The decision block 1708 determines whether or not the variable 1 i1s less than the
number of sub_views. If so, then control is passed to a function block 1710. Otherwise, control
IS passed to a function block 1720.

[0126] The function block 1710 parses a syntax element sub view id[i], and passes control to
a function block 1712. The function block 1712 parses a syntax element
num_parts minusi1[sub view Id[i]], and passes control to a function block 1714. The function
block 1714 sets a variable | equal to zero, and passes control to a decision block 1716. The
decision block 1716 determines whether or not the variable | is less than the syntax element
num_parts minus1[sub_ view Id[i]]. If so, then control I1s passed to a function block 1/718.
Otherwise, control i1s passed to a decision block 1722.

[0127] The function block 1718 sets the following syntax elements, increments the variable |,
and returns control to the decision Dblock 1716: loc left offset[sub view id[i]][];
loc_top offset[sub view id[i]][j]; frame_crop left offset[sub_ view d[i]][j];
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frame crop right offset[sub view id[i]][j]; frame crop top offset[sub view id[i]][]; and
frame crop bottom offset[sub view id[i][j].

[0128] The function block 1720 decodes the current picture for the current view using multi-
view video coding (MVC), and passes control to a function block 1721. The function block 1721
separates each view from the picture using the high level syntax, and passes control to an end

block 1799.

[0129] The separation of each view from the decoded picture Is done using the high level
syntax indicated In the bitstream. This high level syntax may indicate the exact location and
possible orientation of the views (and possible corresponding depth) present in the picture.

[0130] The decision block 1722 determines whether or not a syntax element tiling_mode Is
equal to zero. If so, then control I1s passed to a function block 1724. Otherwise, control Is
passed to a function block 1738.

[0131] The function block 1724 parses a syntax element flip dir[sub view Id[l]] and a syntax
element upsample view flag[sub view Id[i]], and passes control to a decision block 1726. The
decision block 1726 determines whether or not the current value of the syntax element
upsample view flag[sub view Id[i]] is equal to one. If so, then control is passed to a function
block 1728. Otherwise, control is passed to a decision block 1730.

[0132] The function block 1728 parses a syntax element upsample filter[sub view id[i]], and
passes control to the decision block 17/30. The decision block 1730 determines whether or not
a value of the syntax element upsample_filter[sub_view id[i]] Is equal to three. If so, the control
IS passed to a function block 1732. Otherwise, control is passed to a function block 1736.

[0133] The function block 1732 parses the following syntax elements, and passes control to a
function block 1734 vert_dim[sub_view id[l]]; hor dim[sub view id[i]]; and
quantizer[sub_view Id[i]]. The function block 1734 parses the filter coefficients for each YUV
component, and passes control to the function block 1736.

[0134] The function block 1736 increments the variable I, and returns control to the decision
block 1708.

[0135] The function block 1738 parses a syntax element pixel dist x[sub view id[i]] and the
syntax element flip _dist y[sub view Id[i]], and passes control to a function block 1740. The
function block 1740 sets the variable | equal to zero, and passes control to a decision block
1742. The decision block 1742 determines whether or not the current value of the variable | is
less than the current value of the syntax element num_parts[sub_view id[i]]. If so, then control
IS passed to a function block 1744. Otherwise, control is passed to the function block 1736.

[0136] The function block 1744 parses a syntax element
num_pixel tiling filter coeffs minus1[sub_view id[i]], and passes control to a function block
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1746. The function block 1776 parses the coefficients for all the pixel tiling filters, and passes
control to the function block 1736.

[0137] Turning to FIG. 18, an exemplary method for processing pictures for a plurality of views
and depths in preparation for encoding the pictures using the multi-view video coding (MVC)
extension of the MPEG-4 AVC Standard is indicated generally by the reference numeral 1800.

[0138] The method 1800 Includes a start block 1805 that passes control to a function block
1810. The function block 1810 arranges every N views and depth maps, among a total of M
views and depth maps, at a particular time instance as a super-picture in tile format, and
passes control to a function block 1815. The function block 1815 sets a syntax element
num_coded views minus1, and passes control to a function block 1820. The function block
1820 sets a syntax element view i(d[i] for all (hum_ coded views minus1 + 1) depths
corresponding to view Id[l], and passes control to a function block 1825. The function block
1825 sets the inter-view reference dependency information for anchor depth pictures, and
passes control to a function block 1830. The function block 1830 sets the inter-view reference
dependency Information for non-anchor depth pictures, and passes control to a function block
1835. The function block 1835 sets a syntax element pseudo view present flag, and passes
control to a decision block 1840. The decision block 1840 determines whether or not the
current value of the syntax element pseudo view present flag is equal to true. If so, then
control i1s passed to a function block 1845. Otherwise, control is passed to an end block 1899.

[0139] The function block 1845 sets the following syntax elements, and passes control to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>