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JOINT RATE DISTORTION OPTIMIZATION FOR BITDEPTH
COLOR FORMAT SCALABLE VIDEO CODING

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/451,543 filed on March 10, 2011.

[0002] The present application may be related to International Patent Application No.
US2006/020633, filed on May 25, 2006, International Patent Application No.
US2006/024528, filed on June 23, 2006, U.S. Patent Application No. 12/188,919, filed on
August 8, 2008, U.S. Patent Application No. 12/999,419, filed on December 16, 2010, U.S.
Patent Application No. 13/057,204, filed on February 2, 2011, U.S. Provisional Patent
Application No. 61/380,111, filed on September 3, 2010, and U.S. Provisional Patent
Application No. 61/223,027, filed on July 4, 2009, all of which are incorporated herein by
reference in their entirety. In addition, the present application may be related to U.S.
Provisional Patent Application No. 61/451,536 filed on March 10, 2011; U.S. Provisional
Patent Application No. 61/451,541 filed on March 10, 2011; and U.S. Provisional Patent
Application No. 61/451,551 filed on March 10, 2011, all of which are incorporated herein by
reference in their entirety.
FIELD OF THE INVENTION

[0003] The present disclosure relates to scalable video coding. Moreover in particular,

it relates to joint rate distortion optimization for bitdepth and color format scalable video
coding.

BACKGROUND OF THE INVENTION
[0004] Scalable video coding (SVC) is an extension of H.264/AVC, which was

developed by the Joint Video Team (JVT). Enhanced content applications such as High
Dynamic Range (HDR), Wide Color Gamut (WCQ), spatial scalability, and 3-D have
become widely popular. Along with popularity, systems and methods for delivering such
content to current generation consumer set-top box decoders have become increasingly
important. However, there are drawbacks in delivering such content in enhanced format. For
instance, higher amounts of bandwidth may be involved in delivery of the content in
enhanced format. Additionally, content providers may have to upgrade or replace their

infrastructure in order to receive and/or deliver the content in enhanced format.
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BRIEF DESCRIPTION OF DRAWINGS

[0005] The accompanying drawings, which are incorporated into and constitute a part

of this specification, illustrate one or more embodiments of the present disclosure and,
together with the description of example embodiments, serve to explain the principles and
implementations of the disclosure.

FIGS. 1A-1B show exemplary bit-depth and color format scalable encoders.

FIG. 2 shows an exemplary tree structure used for encoding a block or macroblock, where
nodes of the tree structure denote motion and weighted prediction parameters.

FIG. 3 shows the bit representation corresponding to the tree structure presented in FIG. 2.
FIG. 4 shows an exemplary zero tree representation of a signaling process of the
macroblock/block information in context of tone mapping/scalability.

FIG. 5 shows an exemplary diagram of coding dependencies between enhancement and base
layer.

FIG. 6 shows an exemplary bit-depth scalable encoder with color space conversion.

FIG. 7 shows an exemplary Overlapped Block Motion Compensation (OBMC) consideration
for inter prediction or inverse tone mapping.

FIG. 8 shows an exemplary bit-depth scalable encoder with adaptive color space conversion.
FIG. 9 shows an exemplary diagram of coding dependencies in a 3D system between
enhancement and base layer.

FIG. 10 shows an exemplary block diagram of encoding and decoding dependencies for bit-
depth scalability.

FIG. 11 shows exemplary decoded picture buffers (DPBs) of a base layer and an
enhancement layer.

FIG. 12A shows an exemplary diagram of coding dependencies involving inter-layer and
intra-layer prediction.

FIG. 12B shows an exemplary diagram of coding dependencies involving inter-layer, intra-
layer and temporal prediction.

FIGS. 13A-13B shows a complex prediction structure that includes prediction of RPU
information from one RPU to a next RPU. FIG. 13A shows an exemplary encoder system
involving an enhancement layer pre-processing and synchronization between the
enhancement layer and the base layer. FIG. 13B shows the exemplary encoder system of FIG.
13 A with an additional, and optional, low-complexity base layer pre-processor.

2
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FIGS. 14A-14B show an exemplary prediction method from the base layer to the
enhancement layer using a reference processing (RPU) unit element in an encoder and a
decoder.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0006] According to a first aspect, a method of mapping input video data from a first
layer to a second layer is described, the method comprising: providing the input video data;
providing a plurality of video blocks or macroblocks, each of the video blocks or
macroblocks comprising a portion of the input video data; providing a plurality of prediction
methods; selecting one or more prediction methods from among the plurality of prediction
methods for each of the video blocks or macroblocks; and applying, for each video block or
macroblock, the selected one or more prediction methods, wherein the applying maps the
video data from the first layer to the second layer.

[0007] According to a second aspect, a method of mapping input video data from a
first layer to a second layer is described, the method comprising: providing the input video
data for the first layer, the input video data comprising input pictures; providing a plurality of
reference pictures; selecting, for each input picture, one or more reference pictures from the
plurality of reference pictures, wherein the selecting is a function of each reference picture in
the plurality of reference pictures and the input picture; providing a plurality of prediction
methods; selecting one or more prediction methods from the plurality of prediction methods
for each reference picture; and applying, for each reference picture, the selected one or more
prediction methods, wherein the applying maps the input video data from the first layer to the
second layer.

[0008] According to a third aspect, a method of mapping input video data from a first
layer to a second layer is described, the method comprising: providing the input video data
for the first layer, the input video data comprising input pictures, wherein each input picture
comprises at least one region; providing a plurality of reference pictures, wherein each
reference picture comprises at least one region; selecting, for each region in each input
picture, one or more reference pictures or regions thereof from the plurality of reference
pictures, wherein the selecting is a function of each reference picture or region and each
region in each input picture; providing a plurality of prediction methods; selecting one or
more prediction methods from the plurality of prediction methods for each reference picture
or region; and applying, for each reference picture or region, the selected one or more

3
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prediction methods, wherein the applying maps the input video data from the first layer to the
second layer.

[0009] According to a fourth aspect, a method for optimizing distortion of video data
is described, the method comprising: providing input video data comprising a base layer input
picture to a base layer and an enhancement layer input picture to an enhancement layer;
providing a base layer reference picture and an enhancement layer reference picture;
computing a first distortion based on a difference between the base layer reference picture
and the base layer input picture; computing a second distortion based on a difference between
the enhancement layer reference picture and the enhancement layer input picture; and
optimizing distortion of the video data by jointly considering the first distortion and the
second distortion.

[0010] According to a fifth aspect, a method of processing input video data is
described, the method comprising: providing a first layer and at least one second layer;
providing the input video data to the first layer and the at least one second layer; pre-
processing the input video data in the first layer and pre-processing the input video data in the
at least one second layer, the pre-processing of the input video data in the first layer being
performed synchronously with the pre-processing of the input video data in the at least one
second layer; and encoding the pre-processed input video data in the first layer and the at
least one second layer.

[0011] According to a sixth aspect, a method of processing input video data is
described, the method comprising: providing a base layer and at least one enhancement layer;
applying the input video data to the base layer and the at least one enhancement layer; and
pre-processing the input video data at the at least one enhancement layer and applying the
pre-processed input video data to the at least one enhancement layer and the base layer.
[0012] According to a seventh aspect, a system for removing information from video
data before encoding is described, the system comprising: a base layer pre-processor
connected to a base layer encoder; an enhancement layer pre-processor connected to an
enhancement layer encoder; and a reference processing unit (RPU) connected between the
base layer encoder and the enhancement layer encoder, wherein the base layer pre-processor
and the enhancement layer pre-processor are adapted for pre-processing the video data such
that the pre-processing removes information from the video data, and wherein the base layer
pre-processor is adapted to operate synchronously with the enhancement layer pre-processor.

4



WO 2012/122421 PCT/US2012/028366

[0013] According to an eighth aspect, a system for removing information from video
data before encoding is described, the system comprising: a base layer pre-processor
connected to a base layer encoder; an enhancement layer pre-processor connected to an
enhancement layer encoder, the enhancement layer pre-processor adapted to receive higher
dynamic range video data; and a tone mapping unit connected between the base layer pre-
processor and the enhancement layer pre-processor, the tone mapping unit is adapted to tone
map pre-processed video data from the enhancement layer pre-processor to the base layer
pre-processor.

[0014] A compatible delivery system involves creation of a scalable system which
supports a legacy base layer (e.g., MPEG-2, H.264/AVC, and possibly VC1 or AVS) and
additional enhancement layers with enhanced capabilities such as increased resolution, High
Dynamic Range (HDR), Wide Color Gamut (WCG), and 3-D, among others. A compatible
delivery system considers complexity, cost, time to market, flexibility, expandability, and
compression efficiency.

[0015] An increase in complexity over existing consumer level devices can be a
factor in designing a system for compatible delivery. In particular, certain constraints should
be considered when designing algorithms for such applications so as to keep memory, power
consumption, and processing within appropriate limits. These could be accomplished by
considering the characteristics and interactions of both the base and enhancement layer codec
designs, as well as, optionally, the characteristics of other associated information such as
audio.

[0016] Similarly, it would be highly desirable if components from an existing system
(e.g., inverse transform and quantization elements, deblocking, entropy decoding etc.) can be
reused if available from the base layer, thus potentially reducing further implementation costs
of such schemes.

[0017] Costs are generally related with complexity. Decoding both base and
enhancement layer data using higher end devices can incur high costs, both implementation
and computational. Furthermore, cost may also be affected by the amount of resources and

time required for developing compatible delivery systems.
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[0018] Flexibility and expandability are also generally considered in designing
compatible delivery systems. More specifically, it is desirable for a compatible delivery
system to provide support within for multiple different codecs as the base layer. These
different codecs may include H.264/AVC as well as legacy codecs such as MPEG-2, VC-1,
AVS, VP-6, VP-7, and VP-8 among others. Next Generation codecs, such as High Efficiency
Video Codec (HEVC), may also be considered. Codecs can be designed in such a way as to
fit, or exist within existing compatible delivery systems. In essence, this allows devices
designed to support a particular compatible delivery system to also support decoding of a
more optimized but single layer enhanced content bitstream without significant (if any)
modifications.

[0019] Coding performance/compression efficiency can also be considered in
designing compatible delivery systems. In an example illustrating coding
performance/compression efficiency, consider the bitdepth scalable method of references
[3]1[10], which extend the concepts used for spatial scalability in the context of the Scalable
Video Coding extension of MPEG-4 AVC to also support bitdepth scalability. Instead of
utilizing a dual loop decoding system (e.g., two decoders: one decoder for the base layer and
a second decoder utilizing information of the base layer as well as its own information to
decode the enhancement layer), a single decoder is utilized that adjusts its behavior
depending on whether base layer decoding or enhancement layer decoding is expected. If
base layer decoding is performed, then only the base layer bitstream information is decoded.
Thus, a lower bitdepth image will be decoded. If enhancement layer decoding is performed,
then some of the information from the base layer can be considered and decoded. The
considered and decoded information, such as mode/motion information and/or residual
information, can assist in the decoding of the enhancement layer and additional data. The
image or residual data decoded from the base layer are used for prediction by directly up-
converting base layer macroblocks using bit shifts or inverse tone mapping.

[0020] For inter pictures, motion compensation (110) was performed directly on
higher bit-depth content, while a base layer residual (120) was also considered after
appropriate conversion (e.g., bitdepth scaling or tone mapping), of the residual. An additional
residual signal was also transmitted when this prediction method was used to avoid drift

issues. A diagram of this method is presented in FIG. 1B.
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[0021] The bit-depth scalable method according to references [4] and [11], considered
a particular method for performing bit-depth scalability. In this method, bit depth scalability
was considered by always applying inverse tone mapping to a reconstructed base layer video.
Color conversion (100) can be applied prior to considering any inverse tone mapping. In that
scenario, inverse tone mapping information can be adjusted for all color components
accordingly. On the other hand, it may be possible that encoding for High Dynamic Range
(HDR) content and, more generally, content of different bit depth and/or color-format from
the bit depth and color-format used for the base layer can remain in the same color space,
commonly the YUV color space, and appropriate color conversion depending on the
capabilities of a display are performed, given some color transform equation at a decoder. A
diagram of this method is shown in FIG. 1A. In this method, motion compensation considers
8 bit samples. Therefore, existing implementations of H.264 decoders can still be used with
minor modification, if any at all. The method resembles the Fine Granularity Scalability
methods previously used in MPEG-4. A plurality of methods can be specified for the inverse
tone mapping methods such as, for example, linear scaling and clipping, linear interpolation,
look-up table mapping, color format conversion, Nth order polynomial, and splines. More
specifically:

a) Linear scaling and clipping: the current sample predictor y with a bit depth of M is
obtained from its corresponding sample x in the base layer which has a bit depth of N:

y=min(2¥ " x, 2" -1)

b) Linear interpolation using an arbitrary number of interpolation points: for a low bit depth
sample with value x and two given interpolation points (x,, y,) and (Xn+7, Vn+1), Wwith

Xn <X <X,41, the corresponding prediction sample y with a bit depth of M is obtained as:
. X—X,
y = mln[yn +—(yn+1 - yn)’ 2M _1j
xn+1 - xn

¢) Look-up table mapping: for each possible low bit depth sample value, the corresponding
high bit depth sample value is specified.

[0022] A similar approach was also presented in references [5] and [6]. Using the
base layer, after performing a color space transform in logarithmic space and an appropriate
inverse tone mapping process, a residual image was generated. This residual image was then
filtered, quantized from a higher bit depth space to 8 bits, and the residual image was encoded

using an MPEG-4 Advanced Simple Profile (ASP) encoder. One of the primary differences
7
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from other methods was that in this system, color space transform and log encoding were
considered. Additionally, the enhancement layer was constrained to fit in 8 bits to allow the
reuse of existing MPEG-4 ASP encoder and decoder implementations. Finally, this approach
can also use other tools available within the MPEG-4 implementation such as inter
prediction.
[0023] An enhancement of reference [11] was presented in reference [12] where
weighting parameters were estimated at a macroblock level to better handle localized tone
mapping. More specifically, scale s and offset o parameters for each color component can be
predicted from the macroblocks above or to the left of the current macroblock, and are used
in place of the inverse tone mapping information used in reference [11]. The scaling factor s
and offset o can then be differentially and entropy encoded within the bitstream. Prediction y
for the current sample x from the lower bit-depth image can be generated as y = s X x + 0.
This method retained the “8-bit only motion compensation” principle of the original method.
A similar method was presented in reference [9]. This method was implemented in the
context of reference [3] and considered a restricted weighted prediction process to predict
samples in the higher bit-depth images from the base layer.
[0024] The methods presented in references [7] and [8] are also similar to the
weighted prediction methods discussed in the previous paragraphs. Reference [7] proposed
encoding a log encoded lower resolution ratio image with a Low Dynamic Range (LDR) 8 bit
image, which was then used to reconstruct an image of higher dynamic range, such as an
HDR image. This ratio image was encoded using basic image encoding methods (e.g., using
the 8x8 DCT used in JPEG and quantization) instead of performing prediction as in reference
[12]. On the other hand, an offset, unlike the previous method, was not considered while no
other residual signals were provided. Using operations more appropriate for linear space
samples such as transform and quantization in log encoded images may have some impact on
performance.
[0025] Similar methods were used also in reference [8], but instead of encoding the
ratio image, a lower resolution HDR image was encoded and signaled. Using full resolution
LDR and lower resolution HDR information, a decoder is used to derive full resolution HDR
images. However, such a process may involve additional processing at the decoder and does
not fully exploit correlations that may exist between LDR and HDR images. This could
therefore potentially degrade coding efficiency. Additionally, coding efficiency and quality
8
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can be further affected from the quantization parameters and coding decisions applied at
either layer.

[0026] By examining the methods presented in the previous paragraphs, further
enhancements can be made to better handle region based tone mapping. Specifically, the
methods described in the present disclosure are based on either a single inverse tone mapping
method as in reference [1] or a weighted prediction based method as in references [9] and
[12]. A technique to extend such methods is to consider signaling of multiple inverse
mapping tables or methods. More specifically, N (up to 16) inverse mapping mechanisms can
be signaled simultaneously within the Sequence Parameter Sets (SPS) and/or Picture
Parameter Sets (PPS), as well as within other mechanisms provided within a bitstream, such
as the “reference processing unit (RPU)” as described in U.S. Provisional Patent Application
No. 61/223,027. An SPS, for example, can be defined as a parameter set or coding unit
comprising parameters to be applied to a video sequence, and a PPS can be defined as a
parameter set or coding unit comprising parameters to be applied to one or more pictures
within a sequence. An RPU can also provide signaling parameters at a similar level as the
PPS, but needs not be associated with any particular codec design and can be more flexible
on how information is processed or used. Such inverse mapping process can also be extended
for slice headers as well. For each block or macroblock, if more than one inverse tone
mapping mechanism is allowed for coding a slice/picture, then a parameter is signaled to by a
selector to select the inverse tone mapping method that is used for prediction.

[0027] Syntax examples for implementing such methods are shown in Tables 1
through 4. Further details of some of the parameters can be found, for example in reference
[4]. Extensions of the methods according to the present disclosure can be made to allow bi-
prediction, which could allow for additional tone mapping considerations beyond those
specified using a single prediction. That is, assuming N inverse mapping methods are
signaled, then for every macroblock that is signaled, a prediction mode (e.g., single list
prediction or bi-prediction) is also selected. If single list prediction is selected, then only one
inverse mapping method is signaled. If bi-prediction is selected, then two inverse mapping
methods are signaled. For the bi-prediction case, a final prediction is created as y = (yo + y; +
1) >> 1 where yy and y; correspond to predictions generated independently by the two inverse
mapping methods. If weighted prediction is also used, the final prediction may be of the form

y = ((a0*yo + ar*y; + 28 >> N) + o.
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[0028] In another embodiment of the present disclosure, the method described above
can be extended with an addition of a “skip” type prediction mode, which determines the
inverse mapping method based on neighbors of the macroblock to be predicted (e.g., majority
vote or smallest index in neighborhood) without signaling residuals. Additionally, modes can
be signaled separately from residuals to exploit entropy coding behavior. Determining a set of
efficient inverse mapping parameters can have great impact on performance. Furthermore,
macroblocks can be of any size. However, 8x8 blocks may be preferred over 16x16 blocks
when consideration is given to existing microprocessors.

[0029] In an alternative embodiment of the present disclosure, adaptive inverse
mapping (e.g., inverse tone mapping), tables can be considered. Similarly to the methods
described in reference [12], when determining an inverse mapping method to be applied to a
particular block or macroblock, neighboring macroblocks of the particular macroblock can be
considered. However, instead of using neighboring macroblocks/blocks to determine
weighting and offset parameters, sample values in the neighboring macroblocks are
considered to update a default lookup table. All pixels in all neighbors can be considered if
desired, although updating the default lookup table can consider the samples of the lines
above and/or on the left only. The method can also be extended for use with multiple lookup
tables as well. For example, a fixed table can be used initially. A copy of the initial table is
also created. However, the created copy of the initial table is adaptive instead of fixed. For
every macroblock that is encoded, the adaptive table is then updated with a true relationship
between base and enhancement images. The bitstream can contain a signal on whether to use
the fixed or adaptive tables (maps). Furthermore, a signal can be provided that resets the
adaptive table to the initial table. Again, multiple tables can also be used.

[0030] Consideration of values within the neighboring macroblocks may be
unnecessary and could possibly make optimization techniques more difficult (e.g., Trellis
based decision of the weighting parameters and the quantization process of the remaining
residual). Therefore, weighting parameters can be differentially encoded using the weighting
parameters of the neighbors directly. That is, the weighting parameters of the left, top, and
top-right macroblocks can be used to predict the weighting parameters of the current
macroblock directly. For example, weight’ = median(weight;, weightr, weighttr) and offset’
= median(offset;, offsety, offsetrg). This method can be combined with the multiple inverse

10
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tone mapping methods as described above, while deblocking can also be considered to reduce
blockiness in an enhanced bit-depth image.
[0031] Weighting can also be used in combination with inverse mapping tables. Thus,
instead of the weighting parameters being applied on the base layer samples directly, the
weighting parameters are applied to the inverse mapped samples. The methods which
consider just the base layer for prediction are more or less independent of the base layer
codec. Note that similar considerations can be made for color parameters, or in predicting
other color parameters using information from a first color parameter. In an example, given
the method according to reference [12], and the method of the present disclosure, the
weighting parameters for all components can be predicted separately, yet the same residual
weighting parameters can be applied in all three components. In another example, assuming
that an 8-bit YUV color space is being used where chroma components are normalized to
around 128 and a weight & corresponds with the luma component, the weighted prediction
for other components can be performed as described in U.S. Provisional Patent Application
No. 61/380,111, where:
U'=axU+128x(1-a)
V' =axV+128x(1-a)

[0032] As shown in reference [13], considering temporal prediction within the bit-
depth scalability framework can be valuable. However, if prediction directly from the
enhancement layer is not provided, then the methods described herein can be difficult for a
single layer approach. Similarly to the methods presented for fine granularity scalability in
reference [2], for each macroblock (e.g., block of size 8x8 or 16x16), use of different coding
modes and/or motion information can be specified for prediction. Specifically, the following
coding modes for a macroblock can be considered:
a) Base layer prediction using inverse mapping methods as described previously
b) Base layer prediction using inverse mapping while mapping is generated by

considering relationships of base and enhancement motion compensated predictions
c) Base layer skip (no additional parameter signaling or residual)
d) Inter layer prediction directly from the enhancement layer using motion information

from the base layer. Correction motion vector/weighting parameter information can

also be signaled to permit encoding without the presence of a base layer

11
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e) Inter layer skip mode where motion information can be derived from the base and/or
from the enhancement layer
D Bi-prediction using inverse mapped, e.g. inverse tone mapped, base layer and

temporal prediction

g) Intra prediction from the enhancement layer
h) Combined intra prediction with inter and/or base layer prediction
[0033] International Patent Application No. US2006/020633 describes an efficient

scheme for coding mode and motion information based on a zero tree representation where
prediction related parameters (e.g., motion vectors and weighting parameters) are
differentially encoded given an easy to determine prediction (e.g., the values of the
neighboring blocks). The differential parameters are then grouped together based on their
relationships. For example, for a bi-predicted block, motion vectors can be grouped together
based on their orientation or the list to which they belong, while weighting parameters belong
in a different group. Signaling is then performed by examining which nodes contain non-zero
values. For example, for the motion representation provided in the tree structure (200) of
FIG. 2, if only MVDY, (210) (horizontal motion vector difference component of list0) and
OD (220) (offset difference) are non-zero, then eight bits are needed to signal the
representation (300) (FIG. 3) in addition to the values of MVDY, and OD. However, if only
MVDY, is non-zero, then only six bits are needed to signal the representation.

[0034] A possible representation (400) for performing the signaling within the context
of bit-depth scalability is presented in FIG. 4. A prediction mode order can be established
through experimentation even if the mode order is needed. Furthermore, it is possible to
define slice/picture types that consider one or a subset of modes. For example, a slice type
can be defined to consider inverse mapping, e.g. tone mapping, prediction. Then, a different
slice type can consider intra prediction (410), while a third slice type can consider intra,
single list prediction, bi-prediction (420), or single list and inverse tone mapping prediction.
Other combinations are also possible depending on whether or not coding advantages can be
determined due to reduced overhead representation versus a generic method. Such coding
types can also be useful in the case of single layer coding since inverse tone mapping would

not be useful in such cases.

12
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[0035] Another possible method to consider inverse mapping within existing
frameworks for motion compensated prediction is to add the base layer images as additional
prediction references within available reference prediction lists. A base layer image is
assigned one or multiple reference indices within each available list (e.g., LIST_0O and
LIST_1) and also associated with a different inverse mapping process. Specifically, FIG. 5
shows the coding structure of the base layer (500) where the picture at time ¢ = 0 (510)
(denoted Cy) is intra encoded (Ip) (520). The picture Cy (530) can be used to predict the
enhancement layer (540) using inverse mapping when it is desired to synchronize decoding
of the base and enhancement layer. Specifically, this prediction can be accomplished by
encoding the enhancement layer picture Eo (550) as an inter coded (P or B) picture, and
adding C, as a reference within the available list. FIG. 9 shows the coding structure of FIG. 5
in a 3-D system between a left view (910), used as the base layer, and a right view (920),
used as the enhancement layer.

[0036] Assuming that two different inverse mapping tables or methods are sufficient
to predict Ey, then using reordering or reference picture list modification commands, C, can
be added as a reference with indices 0 and 1 in the LIST O reference list, and each of the two
mapping tables can then be assigned to Cy. Motion estimation and compensation can then be
performed using the two references for prediction. As an additional example, for the
encoding of E;; Eg, E;, and C; can be considered for prediction. C; can be placed as a
reference in both LIST 0 and LIST 1 reference lists as reference with index 0, and Eq and E;
placed in LIST_O and LIST_1 respectively, with index 1. Note that in such scenario, bi-
prediction can result in combinations of different inverse mapping tables or methods as
described previously. Motion estimation can be performed from the base layer to the
enhancement layer to potentially provide additional performance benefits. Such concepts are
reminiscent of fractal encoding as described in references [16] and [17].

[0037] FIG. 11 shows exemplary decoded picture buffers (DPBs) of a base layer and
an enhancement layer. The base layer DPB (1100) comprises previously decoded base layer
pictures (1130) (or previously decoded regions of base layer pictures). The enhancement
layer DPB (1120) comprises previously decoded enhancement layer pictures (1140) (or
previously decoded regions of enhancement layer pictures) as well as inter-layer reference

pictures (1150). Specifically, the RPU can create one or more inter-layer reference pictures
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given certain mapping criteria, which are specified in the RPU syntax that can then be used
for predicting the enhancement layer.

[0038] By way of example and not of limitation, the RPU (1400) can contain
information of how an entire picture, or regions within a picture, can be mapped (1410) from
one bit depth, color space, and/or color format to another bit depth, color space, and/or color
format as shown in FIGS. 14A-14B. Information contained in the RPU on one region of a
picture can be used to predict other regions in the same RPU as well as predict regions in
another RPU. FIG. 12A shows an exemplary diagram of coding dependencies involving
inter-layer prediction (1200), where inter-layer references within a DPB can be used for
prediction of the enhancement layer from the base layer. FIG. 12B shows another exemplary
diagram of coding dependencies involving inter-layer prediction (1220) and temporal
prediction (1210). In addition to those coding dependencies shown in FIG. 12A, temporal
prediction (1210) and samples previously reconstructed from previously decoded pictures can
also be utilized in prediction. Additionally, information concerning one picture or region of a
picture within one RPU (1230) can be utilized in prediction of a picture or region of a picture
within another RPU (1240).

[0039] A coding scheme such as that shown in FIG. 6 can be used for encoding of the
enhanced content in the enhancement layer. Although such a coding scheme may appear
similar to those described in reference [13], several enhancements are introduced in various
elements of the system in the present disclosure, including the inverse mapping process
(620), motion compensation, residual coding, and other components.

[0040] In another embodiment of the present disclosure, additional concepts can be
considered to further improve performance. For example, in U.S. Patent Application
13/057,204, a simpler architecture than the methods presented in reference [14] were
identified for performing Overlapped Block Motion Compensation. This method can be
extended to also consider inverse mapping. Prediction on the top (710) and left (720)
boundaries of a block can be altered based on the coding parameters of its neighbors as
shown in FIG. 7. If the current block uses weighted prediction parameters (wy, 05) to perform
mapping from the base layer representation to the enhancement layer representation and the
blocks on the top and left uses parameters (wr, or) and (wy, or) respectively, then samples on

the left and top of this block can use weighting parameters in the form of:
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(dwXwit dpyxwi+ dryXwr, dyoXox+ droXor+ droXor),
where parameters d specify influence of each weight to the prediction process and relate to
the sample distance from each neighbor. However, since OBMC can be complicated and
expensive for inter prediction, benefits should be carefully evaluated to determine whether
using OBMC is justifiable within the application.
[0041] In addition to high correlation between samples from the base and
enhancement layers, high correlation can also exist within the motion of the base and
enhancement layers. However, encoding decisions, for example, usage of Rate Distortion
Optimization at the base layer, can result in suboptimal motion vectors for the enhancement
layer. Furthermore, using motion vectors directly from the base layer can affect certain
implementations, particularly in cases involving hardware, where existing decoding
architectures may not be reusable due to different codecs being handled differently, since
motion compensation is considered in that framework. Conversely, high correlation also
exists between the motion vectors of adjacent macroblocks, while inverse mapping can be the
dominant prediction mode in bit-depth scalability applications.
[0042] Similarly, correlation can exist between the multiple inverse mapping tables or
mechanisms used for prediction as described in previous paragraphs. Specifically, correlation
can exist between same values in different tables, or between a current value and its
previously encoded neighbor. Although such parameters can be transmitted once per SPS,
PPS, or slice header, or within another coding unit such as an RPU, efficient encoding of
these parameters can result in some coding gain. For example, one inverse tone mapping
method could be described as:

y=[((w+e, )xx+({1<<(N-1))>> N]+(o+¢,).

where weighting parameters w and o only need to be signaled once, while £ and &, are

signaled for every possible x value. N allows integer only operations for the inverse tone

mapping process. Since the value of £, and & is likely to be close to or equal to 0, they can

be differentially encoded and then entropy encoded, ultimately resulting in fewer bits.

[0043] In another embodiment of the present disclosure, color conversion with the
SVC framework can also be considered to encode HDR content in a way that the dynamic
range of the content is retained while achieving the smallest possible loss in fidelity. The

encoding process can be performed in any color space, aside from any color space constraints
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imposed on the base layer. Thus, the use of variable and dynamic color spaces for encoding
can be implemented instead of fixing the color space for encoding of the enhancement layer
in the present disclosure.
[0044] For every sequence, group of pictures (GOP), or every single picture or slice,
Applicants can determine and use a color space transform which would lead to best coding
efficiency. The color space transform that is applied to the base layer and the inverse color
transform that is applied to the reconstructed image to achieve the appropriate HDR space
can be signaled through the SPS, PPS, or for every slice header, or within a similar coding
unit such as an RPU. This can be a preliminary transform process which best de-correlates
the color components for compression purposes. The transform can be similar to existing
transforms such as YUV to RGB or XYZ, but can also include nonlinear operations such as
gamma correction.
[0045] The color transform can remain the same for a single video sequence, or can
be changed and/or updated for every Instantaneous Intra Refresh (IDR) picture or at fixed or
predefined intervals since the content characteristics are not likely to change rapidly. The
conversion process (810) from, and to, any possible color space used by the pictures within
the video bitstream may need to be specified if unknown to allow for predicting a picture of a
certain color space C; with motion compensated prediction from pictures of a different color
space C,. An example of such process is shown in FIG. 8. Such a process can also be
applicable to other applications such as encoding of infrared or thermal images, or other
spaces where an original color space used for capture and/or representation may not provide
the best color space for compression purposes.
[0046] As described in reference [15], encoding decisions within the base layer can
affect the performance of the enhancement layer. Therefore, design aspects of normative
tools within the system of the present disclosure are considered as well as methods to best
design encoding and/or non-normative algorithms. For example, a system can reuse motion
information for both base and enhancement layer when considering complexity decisions,
while the design of joint algorithms for rate distortion optimization and rate control can result
in improved performance for both layers. In particular, a lagrangian optimization can be used
for Rate Distortion Optimization by minimizing the equation:

J=w, XD, +w xD +R

base enhanced enhanced total *
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where Wpyse and Wepnancea are the lagrangian parameters, Dpgse and Degpanceq are the distortion at
each level, and R, is the total bitrate for encoding both layers. Such a process can be
extended to take into account encoding of multiple pictures considering interdependencies
that can exist in between the pictures. Distortion can be based on simple metrics such as, for
example, the Sum of Square Errors (SSE), Sum of Absolute Differences (SAD), Structure
Similarity Index Metric (SSIM), Weighted SSE, Weighted SAD, or Sum of Transformed
Absolute Differences (STAD). However, different distortion metrics can also be considered
to satisfy the human visual model, or for display of content on a certain display device.

[0047] Alternatively, decisions can be made for both layers for rate
control/quantization, including selection of quantization parameters, adaptive rounding or
trellis optimization of coded coefficients so as to satisfy all bitrate target requirements that
may have been imposed while achieving best possible quality. Mode decision and/or motion
parameter trellis can also be applied to determine affine parameters using, for example, a
True Motion Estimation (TME) method.

[0048] Encoding performance and subjective quality can be affected by consideration
of pre-processing algorithms. Pre-processing methods as shown in FIGS. 10, 13A, and 13B,
attempt to remove information prior to encoding that is likely to be removed during the
encoding process (e.g., noise) but are not constrained by syntax and constraints of the codec.
Such methods can result in improved spatial and temporal correlation of the signal to be
compressed, resulting in improved subjective quality.

[0049] FIG. 13A shows an exemplary encoder system involving enhancement layer
pre-processing. Higher bit depth content input into the enhancement layer can be processed
using, for example, motion compensated temporal filtering (MCTF) (1310) to produce pre-
processed enhancement layer pictures. In FIG. 13A, these pre-processed enhancement layer
pictures serve as inputs to an enhancement layer encoder (1320) and a tone mapping and/or
color conversion module (1330) (for tone mapping and/or color converting from the
enhancement layer to the base layer). Base layer pictures, formed from information from the
original higher bit depth content (1350) and the pre-processed enhancement layer pictures,
can then be input into a base layer encoder (1340).

[0050] In the exemplary encoder system of FIG. 13B, synchronization of the pre-
processor is not necessarily required since the pre-processing that is applied to both the base
layer encoder (1335) and the enhancement layers encoder (1345) take place in the
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enhancement layer pre-processor. In such cases, complex pre-processing methods by way of
filters such as MCTF can be utilized. FIG. 13B shows an encoder system comprising an
additional, optional pre-processor (1315) in the base layer. This pre-processing takes place
after the first pre-processing (1325) in the enhancement layer. Since the pre-processing in this
case is not synchronized, the complexity of this additional pre-processing is constrained to
further pre-processing based on information from the pre-processing method performed for
the first layer, or limited to low complexity filters such as spatial filters that will not introduce
or will introduce limited/controlled desynchronization.

[0051] An MCTF can be described specifically, such that a frame 2 (at #) can be
predicted using reference pictures from the past (#, f1), current (), orfand future (&, t4).
Predictions t, 1, t2, t3, and 14 (where, for example, #;, denotes a prediction of a frame 2
using information from frame 1) can be used to remove noise by utilizing temporal
information and form a final prediction for #,.

[0052] For scalable systems, joint pre-processing considerations for the base and
enhancement layers can be used to eliminate cases which can be difficult to predict from, and
also increase layer correlation, which can result in improved coding efficiency. Pre-
processing can be particularly useful when using less efficient codecs, such as MPEG-2. As
an example, in 3D systems, pre-processing can help eliminate camera color misalignment
issues and noise that may have been introduced on each view. Similar considerations can also
apply to post-processing. The tools that have been used for content creation, such as, pre-
processing, and encoding, can be used, given a specific display device, to select different
post-processing methods for each layer. Such methods can be signaled either through external
mechanisms (e.g., SEI message or directly through the bitstream as in U.S. Patent
Application 12/999,419. FIG. 10 shows the dependencies that can exist within an entire
encoding (preparation) and decoding (delivery) chain of enhanced content.

[0053] The methods and systems described in the present disclosure may be
implemented in hardware, software, firmware or combination thereof. Features described as
blocks, modules or components may be implemented together (e.g., in a logic device such as
an integrated logic device) or separately (e.g., as separate connected logic devices). The
software portion of the methods of the present disclosure may comprise a computer-readable
medium which comprises instructions that, when executed, perform, at least in part, the
described methods. The computer-readable medium may comprise, for example, a random
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access memory (RAM) and/or a read-only memory (ROM). The instructions may be
executed by a processor (e.g., a digital signal processor (DSP), an application specific
integrated circuit (ASIC), or a field programmable logic array (FPGA)).

[0054] The examples set forth above are provided to give those of ordinary skill in the
art a complete disclosure and description of how to make and use the embodiments of the
joint rate distortion optimization for bitdepth and color format scalable video coding of the
disclosure, and are not intended to limit the scope of what the inventors regard as their
disclosure. Modifications of the above-described modes for carrying out the disclosure may
be used by persons of skill in the art, and are intended to be within the scope of the following
claims. All patents and publications mentioned in the specification may be indicative of the
levels of skill of those skilled in the art to which the disclosure pertains. All references cited
in this disclosure are incorporated by reference to the same extent as if each reference had
been incorporated by reference in its entirety individually.

[0055] It is to be understood that the disclosure is not limited to particular methods or
systems, which can, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to be
limiting. As used in this specification and the appended claims, the singular forms “a,” *“an,”
and “the” include plural referents unless the content clearly dictates otherwise. The term
“plurality” includes two or more referents unless the content clearly dictates otherwise.
Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the disclosure
pertains.

[0056] A number of embodiments of the disclosure have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the present disclosure. Accordingly, other embodiments are

within the scope of the following claims.
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CLAIMS
1. A method for optimizing distortion of video data, the method comprising:

providing input video data comprising a base layer input picture to a base
layer and an enhancement layer input picture to an enhancement layer;

providing a base layer reference picture and an enhancement layer reference
picture;

computing a first distortion based on a difference between the base layer
reference picture and the base layer input picture;

computing a second distortion based on a difference between the enhancement
layer reference picture and the enhancement layer input picture; and

optimizing distortion of the video data by jointly considering the first
distortion and the second distortion.

2. The method of claim 1, wherein the joint consideration of the first distortion and the
second distortion is performed using weight factors in a Lagrangian equation.

3. The method of any one of claims 1 or 2, wherein the first distortion and the second
distortion are selected from the group consisting of sum of square errors (SSE), sum
of absolute differences (SAD), structure similarity index metric (SSIM), weighted
SSE, weighted SAD, and sum of transformed absolute differences.

4. An encoder for optimizing distortion of video data according to the method recited in
any one of claims 1-3.

5. An apparatus for optimizing distortion of video data according to the method recited
in any one of claims 1-3.

6. A system for optimizing distortion of video data according to the method recited in
any one of claims 1-3.

7. A computer-readable medium containing a set of instructions that causes a computer
to perform the method recited in any one of claims 1-3.

8. Use of the method recited in any one of claims 1-3 to optimize distortion of video

data.

22



PCT/US2012/028366

WO 2012/122421

1/15

Vi "Old

Jake jJuswadueyuy

A 4

weas)ig <«

Joxadiiny

A

Jake

aseg

O3pPIA
91A uoneznuenp |€— uiojsued | SN N — “_.—._QC_
(Buiddepy suo|
"AuUl "6°8) uonoipaid v
(Buiddepy
I auo] "b9)
| UOISIOAUOY) JO|0)) | UOISISAUOD UMO(]
_F:8=_8~_ JoeNuy |
ﬁooh
2101S
J9yji4 aImol _ uonewns3y
— > id ‘ » o a—
doon 92UdI00Y Auedsig
¥
uonjesuadwon
Auedsiqg
Q-
s)q g
F-_thm:E 1
2
F.F_o_u.mn_ﬂ:wsd
91A » uoljezijuenp [€«— wiojsuel] |« -rNVA




PCT/US2012/028366

WO 2012/122421

2/15

gl "Old

weas)ig <«

TN\ [« O <« 1 <«—— SHJ N
A 03pIA
sHq N XD SHAN —1— jndy
I
o R _
I
210)S |
Jake juswadsueyusg o a1njoid I
S} N— Qoo.n_ —S}(J N-»] 90Ud.idj9y I
_ A 4
sHq N _ (Buiddepy
SHO N ¥ _ auo] '69)
A o uonesuadwod( | | UOISIDAUOD Umo(
,%A SHA N Auedsig <
doo| DN 39 N A
SHQ N - +
uonjewns3
v 1914 9.10)S fuedsig < |- — —
doon ain)oid
Joxaidnyinp (010 asuaJajoy ¥y
vy Buiddew auo) suq 8 uonesuadwon
"AUl Pys )1q fuedsig
'6°9) uonoipaid
— SHq 8
0ct doo| DN 39 8 s)q 8
spag — L //o i1
Jake] aseg )
F.G
7N [« » O [€«siqg— 1 T@A|




WO 2012/122421 PCT/US2012/028366

3/15
. '/-200
(J (J
(J (J (J
210 220
FIG. 2

1 6
Eu

j{ 0 78
b6 60 d 0

FIG. 3



PCT/US2012/028366

WO 2012/122421

v "OId [ dootpuz pug
A
[
SAIN
pue dm 189S \ pue n_>> \
8p023(]
_ _
sweled 1s74n9
Ay SOA SAIN PUB dM 18S SAIN pue sweJled
dM 9p033(J dM 9p033(J

_ C _
1si = 18Ny | | 03si7 = 1s114unD
A

4/15

0]0) 4 A

B apow|
swe.ed paidig opooeQ
Auy
¢
paidid S| eJju| s| SO

¢
uonoIpaid
14

F qIN Yoes Jo- ;

1

e
sweled dM
Auy

xpujdep |
ap029(

| < 9UOJAUI wWNu
SOA

BUOJAUI WNU 198
Hyaau pue Oliouu 198
SJ9peaH 991|1S/Sdd/SdS WwoJ) ss820.d azijeniu|




PCT/US2012/028366

WO 2012/122421

5/15

\omm
2g lg 0]  8pPO\ buipo)
00
Jake aseg
/oom
0€s
Joke
juswsdueyug
fowm
0SS
¢ | 0 awl|



PCT/US2012/028366

WO 2012/122421

6/15

—1 O7A [« H O [« l [¢&———S}IqN—
- O
FI
o Q\m I |j N
F.._. O9pIA
_ T ndu
X 1 } |
- uonjewns3y — — — —
2101 _ fuedsiqg |m
Mw“—__n_ 21n)o1d « _
soken 007 92UdJ9)9Yy _|v uonesuadwo? | \ 4
jusaweduRYUg Muedsig ) _ (Burddeny
auo] '6-9)
(Buiddepy auo | \_Iv\)“\ UOISIBAUOY)
IIIII > ‘AUl *6°3) uonoipaid " umoq
| uoisiaauo) A
ndjn : —_
AN o109 | uoisianuos soj0g | 029 "
I |/ 190npay 108y |
LS, _
2 A |
weassyug <« 1oxadiyiny Py |
X IR aimdly —> :M_ﬁmﬂ___ﬁmm —4
doo . jledsiqg
CRIIEIETE)Y| T
uonjesuadwon
Auedsiqg
s}q g
J19Ae] aseg
oIn  |e o ] 1 [—De




HENEN .

HEEE R EE S
RERERERERE
pEREEEREREB S
m\\\\\\\\ww

O wJoysuel |



PCT/US2012/028366

WO 2012/122421

8/15

— O\ [« H O |« l [€E——SlgqN—
7\
. ()
- +
% Q\H\ _ j N
-+ 08pIA
[ \VV
indu
X v
- uonjewns3
210)S e fuedsig [~ O
.._u_ﬁ__n_ a1moId Iv":o_mhm>:oo ¥ _
001
19heT ualddy| | >IL 2190 _ 1| | uonesuadwon _ . 4
jusawvdueyuy Auedsiqg > | (Buiddepy
auo] '6-9)
(Buiddepy auo | _ UOISIBAUOD
s o Vo AUl "B 8) uondipaud _ umoQq
HaN _ UOISIBAUOY | o "
inding | 40190 | | 'uoisionuos 10109 | | mﬂ“o_ N
iy —— _F:8=_8~_ ey € v
J 0.8 ———g———- |
weas)syg <« Joxa|diyniy |
a101S uonewns3
A 19}l ainyoid * > <«
doo : Auedsiqg
1 aouaIajoy T
uonjesuadwon
Auedsiqg SHq g
J19Ae] aseg
Slq g
I\ |« O [« 1 |« @A




WO 2012/122421

0

Time

920\
Right View

910
N

Left View

PCT/US2012/028366

B7

FIG. 9

P4

B2

B1

Coding
Mode



PCT/US2012/028366

WO 2012/122421

10/15

Aeidsiq Pl

14

Aeidsiq -

19

|

oju] Buipooag

0L "Old

oju] Buipooug

|

1s0d | 1wsuon AY |48podeQ 13 J9poouz| oyl sishleuy B |ooidaag| toheq | Bbuissasoud
13 « papodsd 13 pspoou3 13 3 JUSJUOD AY 13 ‘yug 13
A | X Y
. ||
I !
“ﬂn—u:m_umq_._ uoljewlioju| " i
_ | uoleziuocJyouis _ |
4_- oju| Buipooaq l “ l w
3sod | wawon Ay |49pooaqg 19 J9poouz| oyl sishleuy B |ooidaag| Joheq | Bbuissasoud
< P p— < €
14 papodsd OANVY pspooui| OJAV JUSJUOD AY 14 osed 14

]

oju] Buipooug

S

JusuoD

NY
indu



PCT/US2012/028366

WO 2012/122421

11715

Vel "Old

14 8 ‘0:¢:¥
_ _ _ _ _ _ _ _ _ _ 19Ae| aseq

_|k|_ _|F.|_ _|F.|_ _|F.|_ _|F.|_ _|F.|_ _|F.|_ _|k|_ _|F.|_ _|e|/|_8§

Ny Indd) Inay| “:n_m" | nd) “:n_m" | nay) ":n_m" “:n_m" ":n_m" (Nd¥) uonoIpa.d
e —J) e b)) ) b)) b2 b2 b)) b2 ) o2
I e e e e
O N ‘V¥¥y
d d d d d d d d d d 1aheT
Juswsoueyuy
4 A \
\oN:
adq JeAe| Juswadueyuy \oo:
adq Johe| aseg
2l IENENERENERE 1Talig|l1ga | g | 19
\ \ oers

N-0GLL N-orLL



PCT/US2012/028366

WO 2012/122421

12/15

gcl "'old

d g g d g g d g g | ool e

I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
I
I
|<_
h
(=)
N
| ~
I

R N N ]
_ _ _ _ _ _
| NdY | | NdY Ndd | 1NdY | | NdY NdY | 1NdY | 1NdY | I NdY | | NdY | (Ndy) uonoipsid
_ || || || || || || || || || 2\
| - L P G | - L P G | - L - L aNpgzL
SoF|- g = ST S E =
0ccl
AN ‘V¥¥y
d g g d g g d g g d 1ohe
Jusweoueyuy



PCT/US2012/028366

WO 2012/122421

13/15

vE€L "Old

= = 71
weaus)q _ _

siid

peuiquog €1 X" "A
_

b d

JaAe -yug

Japooug Jahe "yug

or€l
L | T ————= 7
| Buissaooid |
sug Japoou3 | -ald | 0GE L
. <«—— e [«—— (JLON 69)
sofen aseg aseg | Aixadwon |
I N4 |
! 5 ! 0€EL
r-r-r—-———"—"=—"=—-"=—-=—-—-=—7= P L I \\
(019 mu —= =7 L “ UOISJOAUOD
UOISISAUOD Ll 1eW.O
__1ewuod JojoD _ Ay | L _ 10j09D
‘uonejodieu; €1 Ll Juhs | | /Buddep
‘Buiddey) “ _ _" “ auo |
Slld Ndd e a1 |
|" 1 _
_ _
XN [e—4 “_ |
I 2
4 _" Buisseso.id “
Japooug] _ ol JUSIU0D
s)g JaheT Joken 1 5 I abuey
— oepip-yug €1 oepp [€ 1 (ALOW "6°9) - 1 alWeUA(
. o Aixadwon .
yug L N 19YBIH
| __ 1
oz Il ore1”

_
_
_
_
_
4



PCT/US2012/028366

WO 2012/122421

14715

\mmmh GlLEL
mMF .Q\ H\ Lo_voocm_ ". “.mywmoologﬂ_.wgn_lw Im
siI

Lo>m.ﬂ.m‘mmm < JakeT A|_|_ b_xo_QEoo [ |

9sed _ MO _ I

_ ——— e ——1 _

. = |
| (910 ——Y_ l

| UOISIBAUOD _ _ Il UOISIBAUOD “

__ jewuod Jojod _ Il JeW.0 JOj0D)

" ‘uoijejodialu| m _ Ndd " Il /Buidde|y sauo | _

_ ‘Buiddey) _ _ I _

. T sig Nd L= 0 |

weansiq _ sig | _ I ouAs

paUIqWOD Al_ XMW € 5% qug | XN €1 “_ “
| | I

-—- “ -—-! BPoOU3 11 | suyissenoig-eid |

sug Johe Jofe : i
O9pIA "yug O3pPIA I |
_ : Aixsidwo in4
_ creL” I ezel” |
| |

Japooug Jahe "yug

JUdJU0D
abuey
dlweuAq
JaybiH



PCT/US2012/028366
15/15

WO 2012/122421

IQQOA Ua 8 ‘0:¢v .
B8 queuony - wamm”o * g grvi "Old
abuey olweuAQg ose Joke aseg
JamoT/plepue)s d
r--—-——|——--—-—-——-"—-"—-"—-—-—-— -
_ _I ———" I
I J8podeq | I
s)
0je | _Qlﬁ — D | * __ D | weaxs)iq
00r L .
0:2:¥ ‘'T¢:¥ ‘viviy Bueq X:X:X | _ X | |“ X “Al pauIquod
pue ojo BOOOA ‘BOY 0UOA __ e 8 sokeT -——= | -- -
Buieq gy yum ‘eoeds 10j0d _ oog_o\nm.,._c nov_> “
04V Nd N X:X:X B8 qusjuon _ DA W3 H3 _
abuey oiweuiq Jaybiy | Japooaq JoAe "yu3g _
sig Jopoous JDQOA 19 8 ‘0:2:Y
. < Jahe7 |« ‘69 qua1u0nH
iofe oseq OLYL aseq abuey olweuAg
<vF Im\m [———————— g@l\ IIIII —_——— I_ JamoT]/plepuels
“ UOISJBAUOD —_y__ _
I
| _ uﬂmctom 10]00 Ndy |
_ uonejodisiuj _IW . I
-—= |——— ‘Buidde) _ ot iy
wea.s)q _ sig _ _ 00t _ 08 0:¢'v ‘TT Y
XN | n p w“_._ ¢
pauIquIoD) A|__ N _A Jake "yug | __ XN _AI. 8 Ndd _ vy Buieq XXX
- | —— sug Jofe Japoou] _ pue 918 6O0DA ‘9O
_ — oopip-yug € 49481 e————"4DADA bulaq gy im
I . O39pIA "yu3g _ ‘80eds J0j02 OgV N]
_ Jopoou] Jake "yug _ N X:X:X 68 ‘Jueuog
L e e o abuey oiweuiq JaybiH



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/028366
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO4N7/26 HO4N7/36
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X HEIKO SCHWARZ ET AL: "R-D Optimized 1-8
Multi-Layer Encoder Control for SVC",
IMAGE PROCESSING, 2007. ICIP 2007. IEEE
INTERNATIONAL CONFERENCE ON, IEEE, PI,
1 September 2007 (2007-09-01), pages
11-281, XP031157916,

ISBN: 978-1-4244-1436-9

cited in the application

the whole document

X LI XIANG ET AL: "Lagrange multiplier 1-8
selection for rate-distortion optimization
in SVC A A",

PICTURE CODING SYMPOSIUM 2009; 6-5-2009 -
8-5-2009; CHICAGO,,

6 May 2009 (2009-05-06), XP030081854,

the whole document

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
11 May 2012 22/05/2012
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, e
Fax: (+31-70) 340-3016 Martiniére, Anthony

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/028366

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

E

WO 2012/050758 Al (DOLBY LAB LICENSING
CORP [US]; LEONTARIS ATHANASIOS [US];
TOURAPIS ALE) 19 April 2012 (2012-04-19)
figure 11

figures 13A,13B

figures 22,23

WO 2010/127692 Al (ERICSSON TELEFON AB L M
[SE]; RUSERT THOMAS [DE]; ANDERSSON
KENNETH [S) 11 November 2010 (2010-11-11)
figure 10

WO 2009/155398 Al (DOLBY LAB LICENSING
CORP [US]; LI ZHEN [US]; TOURAPIS
ALEXANDROS [US])

23 December 2009 (2009-12-23)

figure 7A

figure 10A

ZHEN LI ET AL: "An Estimation-Theoretic
Interpretation of Video Rate Distortion
Optimization with Lagrangian Formulation",
DATA COMPRESSION CONFERENCE, 2008. DCC
2008, IEEE, PISCATAWAY, NJ, USA,

25 March 2008 (2008-03-25), pages 222-231,
XP031241179,

ISBN: 978-0-7695-3121-2

the whole document

WO 2010/033565 Al (DOLBY LAB LICENSING
CORP [US]; LI ZHEN [US]; TOURAPIS
ALEXANDROS [US])

25 March 2010 (2010-03-25)

XIANG LI ET AL: "Laplace Distribution
Based Lagrangian Rate Distortion
Optimization for Hybrid Video Coding",
IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS
FOR VIDEO TECHNOLOGY, IEEE SERVICE CENTER,
PISCATAWAY, NJ, US,

vol. 19, no. 2,

1 February 2009 (2009-02-01), pages
193-205, XP011239534,

ISSN: 1051-8215, DOI:
10.1109/TCSVT.2008.2009255

the whole document

1-8

1-8

1-8

1-8

1-8

1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/028366

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WINKEN M ET AL: "SVC bit depth
scalability",

22. JVT MEETING; 79. MPEG MEETING;
13-01-2007 - 20-01-2007; MARRAKECH,MA;
(JOINT VIDEO TEAM OF ISO/IEC
JTC1/5C29/WG11 AND ITU-T SG.16 ),,

no. JVT-V078, 14 January 2007 (2007-01-14)
, XP030006886,

ISSN: 0000-0156

the whole document

1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/028366
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2012050758 Al 19-04-2012  NONE

WO 2010127692 Al 11-11-2010  EP 2428042 Al 14-03-2012
WO 2010127692 Al 11-11-2010

WO 2009155398 Al 23-12-2009 AT 536048 T 15-12-2011
CN 102067603 A 18-05-2011
EP 2297963 Al 23-03-2011
EP 2439951 A2 11-04-2012
EP 2439952 A2 11-04-2012
JP 2011525332 A 15-09-2011
US 2011103473 Al 05-05-2011
WO 2009155398 Al 23-12-2009

WO 2010033565 Al 25-03-2010  CN 102165772 A 24-08-2011
EP 2338282 Al 29-06-2011
JP 2012503367 A 02-02-2012
KR 20110056326 A 26-05-2011
US 2011170591 Al 14-07-2011
WO 2010033565 Al 25-03-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

