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codec system are discussed. Specifically, methods for filter 
selection based on performing motion estimation and obtain 
ing distortion/cost information by comparing reference pic 
tures, either processed or non-processed, with the source 
image to be encoded are discussed. 
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1. 

OPTIMIZED FILTER SELECTION FOR 
REFERENCE PICTURE PROCESSING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. Provisional Patent 
Application No. 61/389,180 filed 1 Oct. 2010. The present 
application may be related to U.S. Provisional Application 
No. 61/170,995, filed on Apr. 20, 2009, U.S. Provisional 
Application No. 61/223,027, filed on Jul. 4, 2009, U.S. Pro 
visional Application No. 61/300,427, filedon Feb. 1, 2010, all 
of which are incorporated herein by reference in their entirety. 

TECHNOLOGY 

The present invention relates generally to video process 
ing. More specifically, an embodiment of the present inven 
tion relates to optimized reference processing filter selection 
methods. 

BACKGROUND 

Multi-layered video codecs provide, for instance, scalabil 
ity in spatial and temporal resolution, bit-depth, color gamut, 
and quality. A number of multi-layered video codecs has been 
standardized by the video coding community. Among the 
standardized multi-layered video codecs are the Multiview 
Video Coding extension (MVC) and the Scalable Video Cod 
ing (SVC) extension of the MPEG-4 AVC/H.264 standard. 
An exemplary reference that introduces the H.264 standard 
can be found in “Advanced video coding for generic audio 
visual services'. http://www.itu.int/rec/T-REC-H.264/e, 
dated March 2010, which is incorporated herein by reference 
in its entirety. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows an implementation of a multi-layered video 
codec system. 

FIG. 2 shows an implementation of a multi-layered video 
codec system that utilizes reference processing. 

FIG. 3 shows an implementation of a frame compatible 
codec system. 

FIG. 4 shows an implementation of a frame compatible 
encoder. 

FIG. 5 shows an embodiment of a filter selection method. 
FIG. 6 shows an embodiment of a filter selection method 

that involves single pass encoding. 
FIG. 7 shows an embodiment of a filter selection method 

that utilizes information from temporal references. 
FIG. 8 shows an embodiment of a filter selection method 

that utilizes motion information from a base layer. 

DETAILED DESCRIPTION 

According to a first aspect of the disclosure, a method for 
selecting a particular filter from among a plurality of filters, 
the particular filter adapted for use in a reference picture 
processing unit in a multi-layered video coding system, the 
multi-layered video coding system comprising a base layer 
and one or more enhancement layers is provided, the method 
comprising: a) providing a reference picture and an enhance 
ment layer source picture; b) filtering copies of the reference 
picture using at least one filter from the plurality of filters to 
obtain at least one filtered reference picture, wherein each 
filter is applied to a corresponding copy of the reference 
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2 
picture; c) performing disparity estimation based on the 
enhancement layer source picture and a full set or Subset of 
the at least one filtered reference picture, wherein the dispar 
ity estimation is adapted to generate disparity information; 
and d) selecting the particular filter based on comparing the 
disparity information generated in step c), wherein the dis 
parity information is a function of at least one of motion 
vectors, prediction distortion, intra prediction information, 
illumination parameters, luma components, chroma compo 
nents, and tone mapping parameters. 

According to a second embodiment of the disclosure, a 
method for selecting a particular filter from among a plurality 
of filters, the particular filter adapted for use in a reference 
picture processing unit in a multi-layered video coding sys 
tem, the multi-layered video coding system comprising a base 
layer and one or more enhancement layers is provided, the 
method comprising: a) providing a reference picture and an 
enhancement layer source picture; b) filtering copies of the 
reference picture using at least one filter from the plurality of 
filters to obtain at least one filtered reference picture, wherein 
each filter is applied to a corresponding copy of the reference 
picture; c) performing disparity estimation based on the 
enhancement layer source picture and a full set or Subset of 
the at least one filtered reference picture, wherein the dispar 
ity estimation is adapted to generate disparity information; d) 
obtaining distortion information based on the disparity infor 
mation; and e) selecting the particular filter based on compar 
ing the distortion information generated in step d), wherein 
the disparity information is a function of at least one of 
motion vectors, prediction distortion, intra prediction infor 
mation, illumination parameters, luma components, chroma 
components, and tone mapping parameters. 

According to a third embodiment of the disclosure, a 
method for selecting a particular filter from among a plurality 
of filters, the particular filter adapted for use in a reference 
picture processing unit in a multi-layered video coding sys 
tem, the multi-layered video coding system comprising a base 
layer and one or more enhancement layers is provided, the 
method comprising: a) providing an enhancement layer 
Source picture; b) performing disparity estimation based on 
the enhancement layer source picture and motion information 
from a particular layer, wherein the disparity estimation is 
adapted to generate disparity information; c) obtaining dis 
tortion information based on the enhancement layer source 
picture and the motion information from the particular layer; 
and d) selecting the particular filter based on comparing the 
distortion information acquired in step c), wherein the dispar 
ity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumina 
tion parameters, luma components, chroma components, and 
tone mapping parameters, and wherein the motion informa 
tion from the particular layer is based on temporal reference 
pictures of the particular layer. 

According to a fourth embodiment of the disclosure, a 
method for selecting a particular filter from among a plurality 
of filters, the particular filter adapted for use in a reference 
picture processing unit in a multi-layered video coding sys 
tem, the multi-layered video coding system comprising a base 
layer and one or more enhancement layers is provided, the 
method comprising: a) providing a reference picture and an 
enhancement layer source picture; b) filtering copies of the 
reference picture using at least one filter from the plurality of 
filters to obtain at least one filtered reference picture, wherein 
each filter is applied to a corresponding copy of the reference 
picture; c) performing disparity estimation based on the 
enhancement layer source picture, a full set or Subset of the at 
least one filtered reference picture, and motion information 
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from a particular layer, wherein the disparity estimation is 
adapted to generate disparity information; d) obtaining dis 
tortion information based on the enhancement layer source 
picture, the full set or subset of the at least one filtered refer 
ence picture, and motion information from the particular 5 
layer; and e) selecting the particular filter based on comparing 
the distortion information acquired in step d), wherein the 
disparity information is a function of at least one of motion 
vectors, prediction distortion, intra prediction information, 
illumination parameters, luma components, chroma compo- 10 
nents, and tone mapping parameters, and wherein the motion 
information is based on temporal reference pictures of the 
particular layer. 

According to a fifth embodiment of the disclosure, a 
method for selecting a particular filter from among a plurality 15 
of filters, the particular filter adapted for use in a reference 
picture processing unit in a video coding system, the coding 
system comprising a layer is provided, the method compris 
ing: a) providing a reference picture and a source picture, 
wherein both the reference picture and the source picture are 20 
from the same layer; b) filtering copies of the reference pic 
ture using at least one filter from the plurality of filters to 
obtain at least one filtered reference picture, wherein each 
filter is applied to a corresponding copy of the reference 
picture; c) performing disparity estimation based on the 25 
source picture and a full set or subset of the at least one filtered 
reference picture, wherein the disparity estimation is adapted 
to generate disparity information; d) obtaining distortion 
information based on the disparity information; and e) select 
ing the particular filter based on comparing the distortion 30 
information generated in step d), wherein the disparity infor 
mation is a function of at least one of motion vectors, predic 
tion distortion, intra prediction information, illumination 
parameters, luma components, chroma components, and tone 
mapping parameters. 35 

According to a sixth embodiment of the disclosure, a filter 
selector adapted for selecting a particular filter from among a 
plurality of filters, the particular filter adapted for use in a 
reference processing unit in a multi-layered video coding 
system, the multi-layered video coding system comprising a 40 
base layer and one or more enhancement layers is provided, 
the filter selector comprising: a full set or subset of the plu 
rality offilters for processing a reference picture or a region of 
the reference picture to obtain one or more processed refer 
ence pictures; and a disparity estimator adapted to generate 45 
disparity information based on an enhancement layer source 
picture and at least one processed reference picture from the 
one or more processed reference pictures, wherein the dispar 
ity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumina- 50 
tion parameters, luma components, chroma components, and 
tone mapping parameters, wherein the particular filter is 
selectable based on the disparity information. 

According to a seventh embodiment of the disclosure, a 
filter selector adapted for selecting a particular filter from 55 
among a plurality offilters, the particular filter adapted for use 
in a reference processing unit in a multi-layered video coding 
system, the multi-layered video coding system comprising a 
base layer and one or more enhancement layers is provided, 
the filter selector comprising: a full set or subset of the plu- 60 
rality offilters for processing a reference picture or a region of 
the reference picture to obtain one or more processed refer 
ence pictures; and a disparity estimator adapted to generate 
disparity information based on an enhancement layer source 
picture and at least one processed reference picture from the 65 
one or more processed reference pictures, wherein the dispar 
ity information is a function of at least one of motion vectors, 

4 
prediction distortion, intra prediction information, illumina 
tion parameters, luma components, chroma components, and 
tone mapping parameters; and a distortion information com 
putation module adapted to generate distortion information 
based on the enhancement layer source picture and the at least 
one processed reference picture from the plurality of pro 
cessed reference pictures, wherein the particular filter is 
selectable based on the distortion information. 

According to an eighth embodiment of the disclosure, a 
filter selector adapted for selecting a particular filter from 
among a plurality offilters, the particular filter adapted foruse 
in a reference processing unit in a multi-layered video coding 
system, the multi-layered video coding system comprising a 
base layer and one or more enhancement layers is provided, 
the filter selector comprising: a disparity estimator adapted to 
generate disparity information based on an enhancement 
layer source picture and motion information from a particular 
layer, wherein the disparity information is a function of at 
least one of motion vectors, prediction distortion, intra pre 
diction information, illumination parameters, luma compo 
nents, chroma components, and tone mapping parameters, 
intra prediction information, illumination parameters, and 
tone mapping parameters; and a distortion information com 
putation module adapted to generate distortion information 
based on the enhancement layer source picture and the 
motion information from the particular layer, wherein the 
particular filter is selected based on the distortion informa 
tion. 

In multi-layered video codecs such as MVC, several 
encoding/decoding processes, depending on number of 
views, may be used in order to encode/decode a base layer and 
several enhancement layer image sequences, where each 
enhancement layer usually corresponds to a different view. 
For instance, several independent and dependent encoding/ 
decoding processes may be used in combination in order to 
encode/decode different views. The independently coded 
views are typically called the base layer views while the 
dependently coded views are called the enhancement layer 
views. 

FIG. 1 shows an implementation of a video codec system 
Supporting at least a base layer (100) and an enhancement 
layer (110). In a particular implementation, a reconstructed 
output picture (120, 122) of a base layer encoder (102) and a 
base layer decoder (104) is inserted, along with temporal 
references (106, 116) of each layer (100, 110), into a refer 
ence picture buffer of an enhancement layer encoder (112) 
and an enhancement layer decoder (114), respectively, prior 
to encoding/decoding of the corresponding picture (120, 122) 
in the enhancement layer (110). This particular implementa 
tion enables the enhancement layer (110) to use both its own 
temporal references (116) as well as references (106) from a 
previously decoded layer for purposes such as motion esti 
mation and compensation. In theory, if there is a high corre 
lation between the images encoded (106, 116) in each layer 
(100, 110), the references (106) from the previous layer (100) 
can improve coding efficiency of the enhancement layer 
(110). 

It should be noted that the video codec system implemen 
tation of FIG. 1 could also support additional layers (152, 
154), where the additional layers also comprise correspond 
ing encoders and decoders. In other words, the enhancement 
layer (110) shown in FIG. 1, which may also be called an 
inter-layer (among a plurality of other inter-layers) in Such a 
multi-layer implementation, may provide enhancement layer 
references for use in Subsequent enhancement layers (152, 
154). 
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FIG. 2 shows a second implementation of a system Sup 
porting at least a base layer (200) and an enhancement layer 
(210). In this implementation, a previous layer's references 
(206, 220, 222) are processed, prior to insertion into the 
enhancement layer's (210) reference picture buffer, using a 
Reference Processing Unit (RPU) (230,240). The RPU (230, 
240) derives a new reference picture (232, 242) for each 
corresponding layer that is generally better correlated with 
the enhancement layer source image (216) to be encoded than 
the case with no RPUs (230, 240) such as the implementation 
shown in FIG.1. The better correlation generally yields better 
compression efficiency for the enhancement layer (210). 

Similar to FIG. 1, the enhancement layer (210) may serve 
as an inter-layer for, and thus provide inter-layer references 
for, subsequent enhancement layers (252, 254). Conse 
quently, an RPU may be used to derive new reference pictures 
based on references from one layer as well as references from 
previous layers. 

Additional processing provided by the RPU (230) may, by 
way of example and not of limitation, involve linear/non 
linear filtering, motion transformation, motion compensa 
tion, illumination compensation, Scaling, inverse and forward 
tone mapping, color format conversion, and gamma correc 
tion. The processing may be applied at a region-level on a 
reference picture, thereby enabling processing with methods 
of different characteristics to be used for different portions of 
the reference picture. Processing parameters can be derived in 
the encoder (202. 212), taking into account final recon 
structed quality of an output video as well as available band 
width and computing power, and then signaled to the decoder 
(204, 214). It should be noted that the term “processing, as 
used in this disclosure, is equivalent to the term “filtering”. 
Consequently, processing on a reference picture may be per 
formed by applying filters to the reference picture. 
An exemplary reference that introduces enabling filters 

with different characteristics to be used for different portions 
of a reference picture is U.S. Provisional Application No. 
61/170,995, entitled “Directed Interpolation and Post-Pro 
cessing, filed on Apr. 20, 2009. Two exemplary references 
that introduce methods for adaptively deriving such filters 
based on content characteristics are U.S. Provisional Appli 
cation No. 61/170,995, entitled “Directed Interpolation and 
Post-Processing, filed on Apr. 20, 2009, and U.S. Provi 
sional Application No. 61/300,427, entitled "Adaptive Inter 
polation Filters for Multi-layered Video Delivery”, filed on 
Feb. 1, 2010. Both these references are incorporated herein by 
reference in their entirety. 
An application of the reference processing based architec 

ture, such as shown in FIG. 2, is that of frame compatible full 
resolution delivery of 3D stereoscopic video. Frame compat 
ible stereoscopic 3D delivery refers to delivery of stereo 
scopic content in which original left and right eye images are 
first downsampled, with or without filtering, to a lower reso 
lution (typically half the original resolution) and then packed 
together into a single image frame (typically of the original 
resolution) prior to encoding. Many Subsampling (e.g., hori 
Zontal, Vertical, and quincunx) and packing (e.g., side-by 
side, over-under, line-by-line, and checkerboard) methods are 
used for frame compatible stereoscopic video delivery. 

FIG.3 shows an implementation of a frame compatible full 
resolution 3D delivery architecture. This implementation 
encodes a base layer (300), or an inter-layer, as a frame 
compatible bitstream (308). Then, a reference processing unit 
(330) is used to process the base layer (306), or inter-layer 
reference, and generate a prediction (332) for an enhance 
ment layer (310). The enhancement layer contains informa 
tion that, when combined with base layer decoded images 
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6 
(322), as well as decoded images from other layers (not 
shown), generally improves resolution of final decoded left 
eye view (350) and right eye view (360). 
Many embodiments of the present disclosure involve deri 

Vation of reference processing filters, generally for use within 
a reference processing unit of an encoder, that conform to the 
architecture presented in FIGS. 2 and 3. It should be noted 
that the encoder generally signals information pertaining to 
the RPU filter used in the encoder to a corresponding decoder. 
The decoder generally uses the signaled information to select 
its RPU filter. It should be noted that the signaling need not 
necessarily include specific filter coefficients. Instead, the 
encoder may signal a method by which the decoder is to 
derive the filter coefficients. 

In embodiments involving application in Stereoscopic 
Video, the reference processing filters can be derived as 
shown in FIG. 4. In FIG.4, a base layer reference picture from 
a base layer reference picture buffer (420) is provided as an 
input to an RPU (430). As in the case for previous figures, the 
input to the RPU (430) could also be, or include in addition to 
or instead of the base layer reference picture, reference pic 
tures from other layers. In addition, left and right eye source 
images (400, 410) are also input into the RPU (430). An 
optimized filter selection (not shown) within the RPU (430) 
comprises comparing reference processed images or pro 
cessed image regions from each filter to a source enhance 
ment layer image (400, 410) and choosing the filters that 
provide optimal cost-distortion trade-off. 

In one embodiment, the filter selection may be obtained 
using a Lagrangian optimization technique. By way of 
example and not of limitation, a Lagrangian optimization 
technique shown below in Equation (1) can be used to derive 
a filter based on cost-distortion criteria: 

mind f = D? + Cf. (1) 

where f denotes a filter index identifying the particular filter 
under consideration, D, denotes distortion in the reference 
processed image when compared to the source enhancement 
layer image, and C, denotes filter cost incurred due to use of 
filter f. 
The distortion D, can be computed using a variety of tech 

niques including Sum of absolute or squared error between 
pixels, mean square error, PSNR, weighted sum of trans 
formed square errors, Sum of transformed absolute errors, 
SSIM, multiscale SSIM, and other perceptual image/video 
quality metrics. The cost C, is generally a function of number 
of bits used to signal the filter parameters. However, the cost 
may also be a function of other factors. For instance, in a 
power/complexity constrained application, the cost may also 
consider computational complexity and power requirements 
of applying the filter. In the case that the cost includes mul 
tiple factors including but not limited to number of bits, 
computational complexity, and power requirements, multiple 
lambda parameters may be used in order to separately tune 
influence of each factor on overall cost. 

In the embodiment shown in FIG. 4, the filter selection 
process provided above is independent of motion/disparity 
estimation and mode decision process of an enhancement 
layer encoder. The mode decision process generally involves 
selecting an encoding mode for blocks or macroblocks (such 
as inter, intra, and skip blocks) to be used by the enhancement 
layer encoder. In FIG. 4, the mode decision process is based 
on the rate-distortion optimization (446). In other embodi 
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ments, the mode decision process may comprise, for instance, 
rate-distortion-complexity optimization. The enhancement 
layer encoder comprises a motion compensator (442), a 
motion estimator (444), and a rate distortion optimization 
module (446), which perform corresponding motion com 
pensation (442), motion estimation (444), and rate distortion 
optimization (446) processes. 

Specifically, the motion compensation (442), motion esti 
mation (444), and rate distortion optimization (446) pro 
cesses of the enhancement layer encoder are applied based on 
reference pictures from the enhancement layer reference pic 
ture buffer (440). As such, the processes (442, 444, 446) are 
applied using processed images from the base layer, or pre 
vious enhancement layers, as well as the temporal reference 
pictures from the enhancement layer reference picture buffer 
(440). In this embodiment, coding efficiency of the RPU 
filters (not shown) in the enhancement layer does not take into 
account the processes of motion compensation (442), motion 
estimation (444), and rate distortion optimization (446). 

FIG. 5 shows an embodiment of a filter selection process 
that takes into account motion estimation (525) and rate dis 
tortion optimization (530) processes of an enhancement layer 
encoder. The motion estimation (525) and rate distortion opti 
mization (530) processes are performed using a motion esti 
mator (525) and a rate distortion optimization module (530), 
respectively. In one embodiment, each region (505) of a pre 
viously encoded base layer picture (500), also referred to as a 
base layer reference picture, is filtered using each of possible 
filter (510) in an RPU (not shown) to obtain a filtered base 
layer reference picture (515). It should be noted that although 
the base layer is being specifically referred to, references or 
regions of references may also come from previous inter 
layers and be filtered by filters in the RPU to obtain filtered 
inter-layer reference pictures. The filtered picture (515) or 
pictures are then inserted into an enhancement layer reference 
picture buffer (520). The enhancement layer encoder then 
performs motion/disparity estimation (525) and rate distor 
tion optimization (530) on the filtered picture (515) based on 
the filtered base layer reference picture (515) and an enhance 
ment layer source image (545). 

In this embodiment, the motion estimation (525) and mode 
decision, which occurs along with the rate distortion optimi 
zation (530), of the enhancement layer encoder will use the 
filtered base layer picture (515) as a potential reference, in 
addition to other temporal reference pictures, and generate 
distortion and cost estimates of using a particular RPU filter 
(510). Factors that determine whether a potential reference is 
actually used as a reference picture may depend on, for 
instance, distortion, cost, and computational complexity that 
result from utilization of the potential reference. 
The cost estimates may include, for instance, motion costs 

Such as costs for signaling of motion vectors that refer to each 
reference picture as well as costs for encoding prediction 
residuals in addition to filter costs. Filter costs may include 
cost of signaling filter parameters such as filter types, filter 
coefficients, and so forth. 

In one embodiment, the distortion may be computed using 
final reconstructed pixel values after motion compensation 
and coding of enhancement layer source images. After per 
forming the motion estimation (525) and rate-distortion opti 
mization (530) processes for each of the possible filters (510), 
the rate-distortion optimization (530) outputs rate-distortion 
cost to a filter selector (550), which selects one or more filters 
based on the rate-distortion cost. In some embodiments, one 
filter can be selected for each region of the base layer refer 
ence picture (500). Additionally, coding modes for an 
enhancement layer picture can be chosen, where the coding 
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8 
modes are used by the enhancement layer encoder to code 
blocks, macroblocks, and/or regions into the enhancement 
layer picture. 

Subsequent to the rate-distortion optimization process 
(530), the filtered base layer picture (515) may be removed 
(535) from the enhancement layer reference buffer (520). In 
certain embodiments, the same filtered base layer picture 
(515) may be subsequently re-used in a case of multi-pass 
encoding or re-evaluated using different criteria. 

Note that FIG. 5 describes a sequential scheme in which a 
single enhancement layer picture buffer (520) is used for the 
rate-distortion optimization (530) process. In another 
embodiment, a parallel scheme is also possible in which a 
plurality of enhancement layer reference picture buffers are 
generated to store each possible RPU filtered picture (515) 
prior to motion estimation and mode selection, such as mode 
selection based on rate-distortion optimization (530), at the 
enhancement layer encoder. It should be noted that each 
possible RPU filtered picture (515) could come from other 
enhancement layer reference picture buffers. 

Additionally, in the embodiment shown in FIG. 5, the filter 
selection is based on the reconstructed base layer picture 
(515). In another embodiment, the filter selection can be 
performed using original non-encoded base layer, or alterna 
tively inter-layer, images (500). Similarly, the original non 
encoded enhancement layer images, which are used as the 
input source images (545) in the filter selection process, may 
or may not have been processed (540). Processing (540) may 
be performed, for instance, on the original non-encoded 
enhancement layer images to remove noise and improve the 
motion estimation process (525). 

According to other embodiments of the present disclosure, 
the filter selection process can perform a single pass encoding 
and base the filter selection decision on the distortion between 
the filtered images (500) and the source images (545) and the 
cost of motion estimation and mode decision. Additionally, 
motion estimation may be performed on a Subsampled image 
or a smaller region within the image to reduce computational 
complexity. 

It should be noted that FIG. 5 may involve multi-pass 
encoding. Specifically, in various embodiments, the rate-dis 
tortion optimization process (530) may involve transforms 
and/or entropy coding as well as loop filtering. Consequently, 
the filtered references (515) may have been encoded multiple 
times during the filter selection process. 

It should be noted that motion estimation (525) and rate 
distortion optimization (530) is used in this particular 
embodiment shown in FIG. 5. In other embodiments, the 
motion estimation (525) may be replaced with, for instance, a 
disparity estimation process performed by a disparity estima 
tor whereas rate distortion optimization (530) may be 
replaced with, for instance, rate-distortion-cost optimization. 
Disparity information may include, by way of example and 
not of limitation, motion information (e.g., motion vectors 
and prediction distortion), intra prediction information, illu 
mination parameters, luma components, chroma compo 
nents, and tone mapping parameters. Also, each of the motion 
estimation and rate distortion optimization processes given in 
the following FIGS. 6-8 may also be replaced with, for 
instance, disparity estimation and rate-distortion-cost optimi 
Zation processes. 

FIG. 6 shows an embodiment of a filter selection method 
that involves single pass encoding. This embodiment captures 
the effect of motion estimation/compensation on overall per 
formance of an RPU. A base layer reference picture (670) 
from a base layer reference picture buffer (600) is utilized as 
an input to a plurality offilters (610). Each filter (610) outputs 
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a filtered base layer reference picture (612). As previously 
mentioned, the embodiment need not involve the base layer 
and could instead involve an inter-layer. In this case, an inter 
layer reference picture from a corresponding inter-layer ref 
erence picture buffer may be filtered to output filtered inter 
layer reference pictures. 

In the embodiment shown in FIG. 6, motion estimation 
(620) is performed on each filtered base layer or inter-layer 
reference (612) in order to obtain a prediction for an enhance 
ment layer. The motion estimation (620) is performed using a 
motion estimator (620). The distortion and cost of applying 
each filter (610) is then computed. In some embodiments, the 
distortion quantifies, for instance, losses due to motion com 
pensation processes and the cost takes into consideration, for 
instance, number of bits for signaling motion vectors and/or 
signaling filterparameters as well as computational complex 
ity of the filter. The distortion and cost of each filter may be 
computed using a distortion computation module (622) and a 
cost computation module (622), respectively. 

Note that in generating the cost associated with the motion 
estimation process (620). Such as signaling of motion vectors, 
consideration can also be given to the possibility that motion 
vectors of a particular block may be predicted from the 
motion vectors of neighboring blocks. In one embodiment, 
block size used for the motion estimation process (620) can be 
chosen to be constant. In another embodiment, the block size 
can be chosen based on image characteristics Such as edge 
features, texture, color, shape, and size of elements in the 
image under consideration. In yet another embodiment, in 
addition to the motion estimation process (620), a mode deci 
sion process (not shown) may also be performed in order to 
determine size and type of a block, illumination parameters, 
transformation parameters, quantization parameters, and so 
forth for each block. 

Also, in one embodiment, the motion estimation may 
involve the luma and/or chroma components. In that case, the 
distortion may be computed based on distortion of one or 
more components or may include a combination of the 
motion estimated distortion of the one or more components 
and distortion assuming Zero motion for other components 
(whether it be a luma component or other chroma compo 
nents). In another embodiment, the motion estimation may be 
performed using only a Subset of the components. The motion 
vectors derived from the subset of the components may be 
used to determine the motion estimated distortion of the other 
components. The distortion obtained from the different com 
ponents may also be weighted differently for each component 
when obtaining the combined distortion over all the compo 
nentS. 

FIG. 7 shows an embodiment of a filter selection method 
that captures the effect of temporal references on the perfor 
mance impact of an RPU on coding processes of video codec 
systems. In this embodiment, not all encoded blocks in an 
enhancement layer source picture (750) will use a filtered 
base layer reference picture (712), or a filtered reference 
picture from an inter-layer (not shown), as a reference. Some 
of the blocks may instead use temporal references from an 
enhancement layer picture buffer (702) while other blocks 
may be intra coded. In this embodiment, in addition to the 
filtered base layer, or inter-layer (not shown), reference pic 
tures (712), enhancement layer temporal references (730) are 
also made available to the RPU at an enhancement layer 
encoder. By way of a motion estimator (720), the RPU can 
perform motion estimation (720) using all or some of the 
available references (712,730) and a reference selector (760) 
will determine, for each block of the encoded picture (750), 
the reference picture (712,730) that is likely to be used by the 
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10 
enhancement layer encoder. Additionally, the reference selec 
tor (760) determines motion vectors between the selected 
reference picture (712,730) and the encoded picture as well 
as makes a mode decision. 

In order to simplify the motion estimation (720) and mode 
decision processes, a smaller set oftemporal references (730) 
from the enhancement layer picture buffer (702) than the ones 
actually available to the encoder may be selected in a tempo 
ral region selector (740), which may be designed to ignore 
less important temporal references (730). In one embodi 
ment, the importance of the temporal references (730) may be 
determined based on a temporal distance from a current 
enhancement layer picture (750) to be encoded. 

For example, assuming that the current picture (750) is at 
timet, only available references from time t-1 and t-1 may be 
used. In another embodiment, the importance of the temporal 
references (730) may be determined based on a correlation 
metric that determines correlation between each of the tem 
poral references (730) in the reference picture buffer (702) 
and the current picture (750) to be encoded and only M most 
correlated temporal references will be used in RPU filter 
decision process, where M is an arbitrary number. Note that in 
the above embodiments, a bi-predictive or multi-hypothesis 
search may also be performed between the base layer filtered 
references (712) and the temporal references (730) in order to 
generate a more accurate prediction of a Subsequent enhance 
ment layer picture. 

FIG. 8 shows an embodiment for a case where motion 
information from a base layer, or an inter-layer, is used in 
place of or in conjunction with enhancement layer temporal 
references. As previously mentioned on numerous accounts, 
although reference is made to the base layer, the base layer 
could also be one of a plurality of inter-layers. In order for the 
motion information from the base layer to be utilized in place 
of the enhancement layer temporal references, there is gen 
erally an implicit assumption that the motion information of 
the base layer and the enhancement layer pictures are highly 
correlated. In the case of high correlation, the motion vectors 
and/or mode decisions used for the base or inter-layer may 
also be used for the enhancement layer since the different 
layers share similar motion characteristics. Therefore, it is 
reasonable to expect that if there was no base or related 
inter-layer reference present in the enhancement layer, there 
would be high correlation between temporal motion vectors 
and/or mode decisions between the base or inter-layer and the 
current enhancement layers. Given this assumption, a tempo 
ral distortion/cost estimator in the enhancement layer can 
re-use the mode decisions and motion vectors from the base 
layer, in order to generate an estimate of temporal distortion 
and cost of predicting motion vectors and making mode deci 
sions for the enhancement layer. 

If a known relationship or transformation Such as, for 
example, a change in spatial or temporal resolution, rotation, 
translation, etc., exists between the base and enhancement 
layer images, then the base layer information (880) such as 
motion vectors and mode decisions can be similarly trans 
formed prior to using the motion vectors and mode decisions 
from the base layer to generate the estimates for the enhance 
ment layer. 

In another embodiment, the relation or transformation, 
applied on motion vectors of the base layer (or inter-layer) in 
order to derive the estimated motion vectors for the enhance 
ment layer, may be determined based on the motion vectors 
derived in previously coded pictures or regions for the 
enhancement layer. Differences between the motion vectors 
of each layer in previously coded pictures can also be used as 
a guide to determine a confidence level in the motion esti 
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mates. Similarly, the distortion estimates obtained by reusing 
the motion vectors may be weighted by a confidence level of 
the distortion estimates. Given the temporal distortion and 
cost estimates, as well as the motion estimation results from 
filtered base layer references (812) (or inter-layer references), 
a reference selection (860) and mode decision (890) process 
can be performed that takes into account both the temporal 
references (830) and the filtered base layer references (812) 
(or inter-layer references) without necessarily increasing 
computational complexity of the filter selection process. 

With continued reference to FIG. 8, the filter selection 
methods can be simplified by constraining the motion esti 
mation process (820) to a lower complexity scheme. For 
example, in one embodiment, only integer pixel motion esti 
mation is performed on the reference pictures (830, 870), 
which comprises the base layer reference pictures (830) or 
inter-layer reference pictures (not shown) and the enhance 
ment layer temporal references (870). In another embodi 
ment, Sub-pixel accurate motion estimation (e.g., integer 
motion estimation followed by a sub-pixel refinement) may 
be performed on the reference pictures (830, 870) generated 
using a subset of a plurality of filters (810) or a subset of the 
temporal references (830), while integer pixel motion estima 
tion is performed on the remaining references (830, 870). 
Such simplifications can reduce both computational com 
plexity as well as memory requirements for the enhancement 
layer encoder. 

In another embodiment, a motion search range may also be 
adapted based on filter type. Computational complexity of 
motion estimation can also be reduced by providing more 
accurate motion vector predictors, which may be derived 
from motion vectors, around which a motion search is per 
formed. The motion vectors can be extracted from the base 
layer, inter-layers, or temporally from the enhancement layer 
itself. Spatial (intra prediction) may also be used. For 
example, with reference back to the embodiment of FIGS. 7 
and 8, the motion estimation (720 in FIG. 7, 820 in FIG. 8) of 
the temporal reference pictures (730 in FIG. 7,830 in FIG. 8) 
can be helped by providing motion vector predictors derived 
from the motion vectors or other prediction mode information 
Such as intra prediction, in the encoded base layer of the 
corresponding picture. In this case, using these predictors as 
is, or performing an additional simple refinement of these 
predictors such as performing a small search range motion 
estimation, may be sufficient in lowering computational com 
plexity. 

In the case of the base layer filtered reference pictures (712, 
812), the motion vector predictors can also be derived based 
on filter type used to generate the reference picture (712.812). 
For example, one possible “filter that can be used in the RPU 
is that of simply copying a base layer reference picture with 
out any additional filtering. In this case, assuming there is a 
known phase offset between base and enhancement layer 
images, a motion vector predictor can be used that accounts 
for the phase offset. Additional reduction in computational 
complexity can also be obtained by reusing information from 
previously coded pictures, where the previously coded pic 
tures could include temporal pictures and pictures from Vari 
ous layers. A number of techniques for reusing information 
from previously coded pictures for filter selection can be 
applied in this case. 

According to some embodiments as shown in FIGS. 7 and 
8, for each picture to be encoded in the enhancement layer, the 
RPU filter decision process will provide a map of the distor 
tion and cost of using each RPU processed image (712, 812) 
as a reference as well as the distortion and cost of using a 
temporal reference (730, 830). The map may be used for 
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12 
selecting a filter for use in the RPU. Additionally, the map 
may also be used for performing a number of other encoder 
optimizations that further improve coding efficiency of the 
enhancement layer. 

For example, encoding decisions generally made by the 
RPU may include determining number and shape of the 
regions over which a base layer reference picture (870) is 
divided prior to filtering. Since the cost of signaling the filter 
parameters increases with the number of regions, region sizes 
in the RPU are generally assigned to be larger than the block 
sizes used for motion estimation/compensation. 

In one embodiment, by using the map of the filter distortion 
and cost as well as the temporal distortion and cost, the filter 
selection process can choose the region size to be equal to the 
size of a smallest contiguous set of blocks for which the 
selected filter remains the same. 

In another embodiment, different region sizes and shapes 
may be tested in the filter selector (890) for both filter distor 
tion and filter cost, and the best performing shape and size for 
a given distortion and/or cost criteria may be chosen. Addi 
tionally, edge detection may be performed on the base layer 
reference picture (770, 870) in order to determine the number 
and shape of the regions that are likely to be used by the 
enhancement layer encoder. 

In another embodiment, the RPU may determine that use of 
the temporal references (730, 830) provides a more desirable 
trade-off between distortion and cost for an entire picture or a 
slice of the picture. Alternatively, the RPU may determine 
that use of the base layer filtered reference (770, 870) pro 
vides the more desirable trade-off. In either case, the RPU 
may signal to the enhancement layer encoder to modify order 
ing of the reference pictures (730, 770, 830, 870) within 
reference picture buffers (700, 702, 800, 802) such that more 
important references, given by the references (730, 770, 830, 
870) that provide the more desirable distortion/cost trade-off, 
can be signaled using fewer bits than less important refer 
ences. In other words, the more important references, which 
are used more frequently for prediction purposes than the less 
important references, are generally encoded such that the 
more important references take fewer bits to signal than the 
less important references. In another embodiment, if only the 
temporal references (830) are deemed to be sufficient, then 
the RPU can be disabled for the current picture to be encoded, 
saving both computational time and memory. 

In conclusion, embodiments of the present disclosure pro 
vide a set of schemes for accomplishing filter selection of a 
filter for use in reference processing units in a multi-layered 
codec. Specifically, the selected filter may be used to provide 
a filtered previously coded layer picture, which is used as a 
reference picture for an enhancement layer. It should be 
noted, however, that similar principles can be applied in the 
case of a single layered codec. For instance, the single layered 
codec could use temporal references that may be used for 
prediction in the single layer. Prior to the prediction, the 
temporal references may be processed utilizing global or 
regional motion compensation, prefiltering, and so forth. 
The methods and systems described in the present disclo 

Sure may be implemented inhardware, 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 com 
puter-readable medium which comprises instructions that, 
when executed, perform, at least in part, the described meth 
ods. The computer-readable medium may comprise, for 
example, a random access memory (RAM) and/or a read-only 
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memory (ROM). The instructions may be executed by a pro 
cessor (e.g., a digital signal processor (DSP), an application 
specific integrated circuit (ASIC), or a field programmable 
logic array (FPGA)). 
As described herein, an embodiment of the present inven 

tion may thus relate to one or more of the example embodi 

14 
ments that are enumerated in Table 1, below. Accordingly, the 
invention may be embodied in any of the forms described 
herein, including, but not limited to the following Enumer 
ated Example Embodiments (EEEs) which described struc 
ture, features, and functionality of Some portions of the 
present invention. 

TABLE 1 

ENUMERATED EXAMPLEEMBODIMENTS 

EEE1. A method for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference picture processing unit in a multi-layered video 
coding system, the multi-layered video coding system comprising a base layer and one or 
more enhancement layers, the method comprising: 
a) providing a reference picture and an enhancement layer source picture; 
b) filtering copies of the reference picture using at least one filter from the plurality of 
filters to obtain at least one filtered reference picture, wherein each filter is applied to a 
corresponding copy of the reference picture; 
c) performing disparity estimation based on the enhancement layer source picture and 
a full set or subset of the at least one filtered reference picture, wherein the disparity 
estimation is adapted to generate disparity information; and 
d) Selecting the particular filter based on comparing the disparity information 
generated in step c), 
wherein the disparity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumination parameters, luma components, 
chroma components, and tone mapping parameters. 
EEE2. A method for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference picture processing unit in a multi-layered video 
coding system, the multi-layered video coding system comprising a base layer and one or 
more enhancement layers, the method comprising: 
a) providing a reference picture and an enhancement layer source picture; 
b) filtering copies of the reference picture using at least one filter from the plurality of 
filters to obtain at least one filtered reference picture, wherein each filter is applied to a 
corresponding copy of the reference picture; 
c) performing disparity estimation based on the enhancement layer source picture and 
a full set or subset of the at least one filtered reference picture, wherein the disparity 
estimation is adapted to generate disparity information; 
d) obtaining distortion information based on the disparity information; and 
e) selecting the particular filter based on comparing the distortion information 
generated in step d), 
wherein the disparity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumination parameters, luma components, 
chroma components, and tone mapping parameters. 
EEE3. A method for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference picture processing unit in a multi-layered video 
coding system, the multi-layered video coding system comprising a base layer and one or 
more enhancement layers, the method comprising: 
a) providing an enhancement layer source picture; 
b) performing disparity estimation based on the enhancement layer source picture and 
motion information from a particular layer, wherein the disparity estimation is adapted to 
generate disparity information; 
c) obtaining distortion information based on the enhancement layer source picture and 
he motion information from the particular layer; and 

d) Selecting the particular filter based on comparing the distortion information 
acquired in step c), 
wherein the disparity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumination parameters, luma components, 
chroma components, and tone mapping parameters, and wherein the motion information from 
he particular layer is based on temporal reference pictures of the particular layer. 
EEE4. A method for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference picture processing unit in a multi-layered video 
coding system, the multi-layered video coding system comprising a base layer and one or 
more enhancement layers, the method comprising: 
a) providing a reference picture and an enhancement layer source picture; 
b) filtering copies of the reference picture using at least one filter from the plurality of 
filters to obtain at least one filtered reference picture, wherein each filter is applied to a 
corresponding copy of the reference picture; 
c) performing disparity estimation based on the enhancement layer source picture, a 
ull set or subset of the at least one filtered reference picture, and motion information from a 
particular layer, wherein the disparity estimation is adapted to generate disparity information; 
d) obtaining distortion information based on the enhancement layer source picture, the 
ull set or subset of the at least one filtered reference picture, and motion information from 
he particular layer; and 

e) selecting the particular filter based on comparing the distortion information 
acquired in step d), 
wherein the disparity information is a function of at least one of motion vectors, 
prediction distortion, intra prediction information, illumination parameters, luma components, 
chroma components, and tone mapping parameters, and wherein the motion information is 
based on temporal reference pictures of the particular layer. 
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TABLE 1-continued 

ENUMERATED EXAMPLEEMBODIMENTS 

EEE5. A method for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference picture processing unit in a video coding 
system, the coding system comprising a layer, the method comprising: 
a) providing a reference picture and a source picture, wherein both the reference 
picture and the source picture are from the same layer; 
b) filtering copies 
filters to obtain at 
corresponding copy of the reference picture; 

of the reference picture using at least one filter from the plurality of 
east one filtered reference picture, wherein each filter is applied to a 

c) performing disparity estimation based on the source picture and a full set or Subset 
of the at least one 
generate disparity 

filtered reference picture, wherein the disparity estimation is adapted to 
information; 

d) obtaining distortion information based on the disparity information; and 
e) selecting the particular filter based on comparing the distortion information 
generated in step ), 
wherein the disparity information is a function of at least one of motion vectors, 

EEE6. The metho 

EEE7. The metho 

EEE8. The metho 

EE9. The metho 

urther comprises 
Source picture. 

prediction distortion, intra prediction information, illumina 
chroma components, and tone mapping parameters. 

of any one of Enumerated Example Embodiments 1-2 or 4-5, wherein the 
reference picture is not previously encoded prior to the step of filtering. 

of any one of Enumerated Example Embodiments 1, 2, or 4, wherein the 
reference picture is a base layer reference picture or an inter-layer reference picture, wherein 
an inter-layer is a layer from among the one or more enhancement layers. 

of any one of Enumerated Example Embodiments 1-2 or 4, wherein the 
reference picture is a spatial reference picture or a temporal reference picture from the 
enhancement layer. 

of any one of Enumerated Example Embodiments 1-4, 6, or 7, wherein 
e step of providing further comprises processing the enhancement layer source picture, 
herein the processing removes noise in the enhancement layer source picture. 
EE10. The method of Enumerated Example Embodiment 5, wherein the step of providing 

processing the source picture, wherein the processing removes noise in the 

EEE11. The method of any one Enumerated Example Embodiments 1-4 or 6-9, wherein the 
step of providing further comprises processing the enhancement layer source picture, wherein 
he processing involves applying at least one of filtering, motion transformation, motion 
compensation, illumination compensation, scaling, inverse and forward tone mapping, color 
ormat conversion, and gamma correction. 
EEE12. The method of Enumerated Example Embodiment 5 or 10, wherein the step of 
providing further comprises processing the enhancement layer source picture, wherein the 
processing involves applying at least one of filtering, motion transformation, motion 
compensation, illumination compensation, Scaling, inverse and forward tone mapping, color 
ormat conversion, and gamma correction. 
EEE13. The method of any one of the preceding Enumerated Example Embodiments, 
wherein at least one of the filtered reference pictures is the reference picture. 
EEE14. The method of Enumerated Example Embodiment 1, wherein the step of performing 
disparity estimation further comprises obtaining cost information for the at least one filter 
rom among the plurality of filters used in the step of filtering, and wherein the step of 
Selecting is further based on the cost information, wherein: 
he cost information is a function of the disparity information, number of bits to be 
used in signaling filter parameters of each filter, number of bits to be used in signaling the 
motion vectors corresponding to each filtered reference picture, number of bits to be used in 
signaling the prediction distortion corresponding to each filtered reference picture, 
computational complexity in applying each filter, and power consumption of each filter. 
EEE15. The method of Enumerated Example Embodiment 2, wherein the step of performing 
disparity estimation further comprises obtaining cost information for the at least one filter 
from among the plurality of filters used in step b), and wherein the step of selecting is further 
based on the costi information, wherein: 
the cost information is a function of at least one of the disparity information, 
distortion between the enhancement layer source picture and each filtered reference picture, 
number of bits to be used in signaling filter parameters of each filter, number of bits to be 
used in signaling the motion vectors corresponding to each filtered reference picture, number 
of bits to be used in signalizing the prediction distortion corresponding to each filtered 
reference picture, computational complexity in applying each filter, and power consumption 
of the filter. 
EEE16. The method of Enumerated Example Embodiment 3 or 4, wherein the step of 
obtaining distortion information further comprises obtaining cost information and the step of 
Selecting is further based on the cost information, and wherein the cost estimation is a 
function of at least one of number of bits to be used in signaling filter parameters of a full set 
or subset of filters in the plurality of filters, number of bits to be used in signaling the motion 
information from the particular layer, and power consumption of the full set or Subset of 
filters in the plural ity of filters. 
EEE17. The method of any one of Enumerated Example Embodiments 2-4, wherein the 
obtaining distortion information is computed from the group consisting of Sum of absolute or 
Squared errors between pixels, mean square error, PSNR, weighted Sum of transformed 
Square errors, Sum of transformed absolute errors, SSIM, and multiscale SSIM. 
EEE18. The method of Enumerated Example Embodiment 1, further comprising, between the 
step of performing and the step of selecting, a step of performing disparity compensation on 
the enhancement layer source picture to obtain a final reconstructed picture, wherein the 
disparity compensation is based on the step of disparity estimation. 

ion parameters, luma components, 
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TABLE 1-continued 

ENUMERATED EXAMPLEEMBODIMENTS 

EEE19. The metho 

step of performing 
final reconstructe 
sparity estimation. 
EE20. The metho 

E21. The metho 
herein each of the 
EE22. The metho 

E23. The metho 

EE25. The metho 

EEE26. The metho 

unction of at leas 

EE27. The metho 
step of performing 

EE28. The metho 

EE29. The metho 

EEE30. The metho 
disparity estimation 

EEE31. The metho 

e region shapes are determined based on per 
E of any one of the preceding Enumerated Example Embodiments, 
herein the disparity estimation comprises block-based motion estimation. 

corresponding to a particular block are adapte 
neighboring the particular block. 

8. 

of the reference picture and texture, 

wherein the performing disparity es 

of any one of Enumerate 

isparity compensation on 

of Enumerated Example 

stortion information is further based on the final reconstructed picture. 
E of any one of the preceding Enumerated Example Embodiments, 

steps is performed on regi 
of Enumerated Example 

of Enumerated Example 

of Enumerated Example 

of Enumerated Example 

one of aluma componen 

Example Embodiments 2-4, further 
comprising, between the step of disparity estimation and the step of distortion information, a 

he enhancement layer source picture to obtain 
picture, wherein the motion compensation is based on the step of 

Embodiment 19, wherein the obtaining 

ons of the reference picture. 
Embodiment 21, wherein the reference picture 

ecomposed using a plurality of region sizes and region shapes to obtain a plurality of 
econstructed reference pictures, and wherein each of the steps are performed on the plurality 
reconstructed reference pictures. 

Embodiment 22, wherein the region sizes and 
orming edge detection on the reference picture. 

Embodiment 24, wherein motion vectors 
to be predicted by motion vectors of blocks 

Embodiment 24 or 25, wherein block size is 
based on image characteristics of the reference picture, wherein the image characteristics are 

, a chroma component, and edge characteristics 

of any one of Enumerate 

of any one of Enumerate 

of Enumerated Example 

of any one of Enumerate 

EEE32. The metho 
l 

EEE33. The metho 

tures and the enh 
E34. The metho 

pi C 
E E 
Cl 

pictures and the enh 
EEE35. The metho 
C O imprising a step O 
ow importance, bas 

E36. The metho 
S 

information, a step of selecting tem 
distortion information. 

poral reference pictures is base 

poral reference pictures is base 

of Enumerated Example 

of Enumerated Example 

ancement layer source pic 
of Enumerated Example 

ancement layer source pic 
of any one of Enumerate 
prioritizing importance o 

of Enumerated Example 

E37. The metho 

picture and a Subset 

Cle:S. 

importance. 
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EEE38. The method of Enumerated Example 
pictures of importance below a pre 
distortion information. 
EEE39. The method of Enumerated Example 
estimation is performed at higher precision for reference pictures of higher importance and 
he disparity estimation is performed at lower 

EEE40. The method of Enumerated Example 
motion information of the enhancement layer is based on the motion information from 

color, shape, and size of elements in the reference picture. 
Example Embodiments 24-26, wherein the 

isparity estimation or the step of obtaining distortion information also 
determines at least one of block size and block shape. 

of any one of the preceding Enumerated Example Embodiments, 
timation comprises integer pixel motion estimation. 

Example Embodiments 1-27, wherein the 
performing disparity estimation comprises sub-pixel accurate motion estimation. 

Embodiment 1, wherein the performing 
is further based on temporal reference pictures from an enhancement 

ayer reference picture buffer. 
Example Embodiments 2-4, wherein the 

rforming disparity estimation is further based on temporal reference pictures from an 
enhancement layer reference picture buffer. 

Embodiment 31, further comprising, between 
e step of performing disparity estimation and the step of the obtaining distortion 

poral reference pictures to be used in the step of obtaining 

Embodiment 32, wherein the step of selecting 
on time difference between the temporal reference 

le. 

Embodiment 33, wherein the step of selecting 
on correlation between each of the temporal reference 

le. 

Example Embodiments 31-34, further 
reference pictures, from high importance to 

ed on comparing the cost information and the distortion information 
between the reference pictures to obtain a prioritized set of reference pictures. 

Embodiment 35, wherein fewer bits are used 
r signaling pictures in the prioritized set of reference pictures of higher importance than for 

pictures in the prioritized set of reference pictures of lower importance. 
Example Embodiments 31-36, wherein Sub 
on a subset of the at least one filtered reference 
pictures while integer pixel motion estimation 

is performed on remaining filtered reference pictures and remaining temporal reference 

Embodiment 35 or 36, wherein reference 
defined threshold are not used in the step of obtaining 

Embodiment 35 or 36, wherein the disparity 

precision for reference pictures of lower 

Embodiment 3 or 4, wherein: 

the enhancement layer's motion information and the particular 
ayer's motion information are used to compu 

comprises motion vectors 
EEE41. The method of Enumerated Example 
information is based on the differences between the enhancement layer's motion information 
and the particular layer's motion information, 
he confidence level. 
EEE42. The method of any one of the previou 
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TABLE 1-continued 

ENUMERATED EXAMPLEEMBODIMENTS 

he method of Enumerated Example Embodiment 42, wherein the disparity 
ion is further based on a Subset of luma and chroma components, and wherein 

ortion of remaining luma and chroma components are computed based on the disparity 
ion obtained from the Subset of luma and chroma components. 
The method of Enumerated Example Embodiment 43, further comprising a plurality 
ing factors, wherein one weighting factor is applied to each luma component and 

each chroma component. 
EEE45. The method of Enumerated Example Embodiment 3 or 4, wherein the motion 
information is based on at least one of motion vectors obtained from the particular layer, 
motion models used in the particular layer, and motion vectors from previously coded 
pictures of the particular layer or regions of the previously coded pictures of the particular 
ayer. 
EEE46. The method of any one of Enumerated Example Embodiments 1-2 or 4-5, wherein 
he step of providing comprises providing a plurality of reference pictures and the step of 
tering is performed on a full set or subset of the plurality of reference pictures to obtain at 
ast one filtered reference picture, and wherein each filter is applied to each reference picture 

he full set or subset of the plurality of reference pictures. 
EE47. A filter selector adapted for selecting a particular filter from among a plurality of 
ters, the particular filter adapted for use in a reference processing unit in a multi-layered 

video coding system, the multi-layered video coding system comprising a base layer and one 
or more enhancement layers, the filter selector comprising: 
a full set or subset of the plurality of filters for processing a reference picture or a 
region of the reference picture to obtain one or more processed reference pictures; and 
a disparity estimator adapted to generate disparity information based on an 
enhancement layer source picture and at least one processed reference picture from the one or 
more processed reference pictures, wherein the disparity information is a function of at least 
one of motion vectors, prediction distortion, intra prediction information, illumination 
parameters, luma components, chroma components, and tone mapping parameters, 
wherein the particular filter is selectable based on the disparity information. 
EEE48. A filter selector adapted for selecting a particular filter from among a plurality of 
filters, the particular filter adapted for use in a reference processing unit in a multi-layered 
video coding system, the multi-layered video coding system comprising a base layer and one 
or more enhancement layers, the filter selector comprising: 
a full set or subset of the plurality of filters for processing a reference picture or a 
region of the reference picture to obtain one or more processed reference pictures; and 
a disparity estimator adapted to generate disparity information based on an 
enhancement layer source picture and at least one processed reference picture from the one or 
more processed reference pictures, wherein the disparity information is a function of at least 
one of motion vectors, prediction distortion, intra prediction information, illumination 
parameters, luma components, chroma components, and tone mapping parameters; and 
a distortion information computation module adapted to generate distortion 
information based on the enhancement layer source picture and the at least one processed 
reference picture from the plurality of processed reference pictures, 
wherein the particular filter is selectable based on the distortion information. 
EEE49. The filter selector of Enumerated Example Embodiment 47 or 48, further comprising 
a cost information computation module adapted to generate cost information, wherein the 
cost information is a function of at least one of distortion between the enhancement layer 
source picture and the at least one filtered reference picture, number of bits to be used in 
signaling filter parameters of each filter, number of bits to be used in signaling the motion 
vectors corresponding to each filtered reference picture, number of bits to be used in 
signaling the prediction distortion corresponding to each filtered reference picture, 
computational complexity in applying each filter, and power consumption of the filter. 
EEE50. A filter selector adapted for selecting a particular filter from among a plurality of 
filters, the particular filter adapted for use in a reference processing unit in a multi-layered 
video coding system, the multi-layered video coding system comprising a base layer and one 
or more enhancement layers, the filter selector comprising: 
a disparity estimator adapted to generate disparity information based on an 
enhancement layer source picture and motion information from a particular layer, wherein the 
disparity information is a function of at least one of motion vectors, prediction distortion, 
intra prediction information, illumination parameters, luma components, chroma components, 
and tone mapping parameters, intra prediction information, illumination parameters, and tone 
mapping parameters; and 
a distortion information computation module adapted to generate distortion 
information based on the enhancement layer source picture and the motion information from 
the particular layer, 

erein the particular filter is selected based on the distortion information. 
E51. The filter selector of any one of Enumerated Example Embodiments 47-50, wherein 
particular filter is selected based on the disparity information and temporal reference 

ctures from an enhancement layer reference picture buffer. 
EE52. The filter selector of Enumerated Example Embodiment 51, further comprising a 

reference selector that selects the temporal reference pictures for use in selecting the 
particular filter. 
EEE53. The filter selector of Enumerated Example Embodiment 52, wherein the reference 
Selector prioritizes the temporal reference pictures based on comparing the disparity 
information and the cost information of the temporal reference pictures. 
EEE54. The filter selector of Enumerated Example Embodiment 48 or 50, wherein the 
distortion information computation module computes the distortion information using the 
group consisting of Sum of absolute or squared errors between pixels, mean square error, 

e 
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TABLE 1-continued 

ENUMERATED EXAMPLEEMBODIMENTS 

PSNR, weighted sum of transformed square errors, sum of transformed absolute errors, SSIM, 
and multiscale SSIM. 
EEE55. A filter selector for selecting a particular filter from among a plurality of filters, the 
particular filter adapted for use in a reference processing unit, according to the method recited 
in any one of the preceding Enumerated Example Embodiments. 
EEE56. A reference processing unit comprising a plurality of filters and the filter selector of 
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Enumerated Example Embodiment 55, wherein the filter selector selects a particular filter 
from the plurality of filters for use in the reference processing unit. 
EEE57. A computer-readable storage medium containing a set of instructions that causes a 
computer to perform the method recited in any one of Enumerated Example Embodiments 1 
46. 
EEE58. An encoder for encoding a video signal comprising a reference processing unit, 
wherein the reference processing unit selects a filter based on the method recited in any one 
of Enumerated Example Embodiments 1-46. 

Furthermore, 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 refer 
ences 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. 
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 reference 
processing filter selection methods 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 video art, and are intended to be within the scope of the 
following claims. 

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. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
disclosure pertains. 
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. 

What is claimed is: 
1. A method for selecting a particular filter from among a 

plurality of filters, the particular filter adapted for use in a 
reference picture processing unit of a computer processor in a 
multi-layered video coding system, the multi-layered video 
coding system comprising a base layer and one or more 
enhancement layers, the method comprising: 

a) providing a reference picture and an enhancement layer 
Source picture; 

b) filtering copies of the reference picture using at least one 
filter from the plurality of filters to obtain at least one 
filtered reference picture, wherein each filter is applied 
to a corresponding copy of the reference picture; 

c) performing disparity estimation based on the enhance 
ment layer source picture and a full set or subset of the at 
least one filtered reference picture, wherein the disparity 
estimation is adapted to generate disparity information, 
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the disparity information being further based on tempo 
ral reference pictures from an enhancement layer picture 
buffer; 

d) obtaining distortion information based on the disparity 
information; 

e) selecting the particular filter based on comparing the 
distortion information generated in the distortion infor 
mation obtaining step d); and 

f) for each filtered reference picture on which disparity 
estimation has been performed in accordance with Step 
c), selecting between said reference picture and a corre 
sponding temporal reference picture from the enhance 
ment layer picture buffer, wherein the disparity informa 
tion comprises a function of at least one of motion 
vectors, prediction distortion, intra prediction informa 
tion, illumination parameters, luma components, 
chroma components, and tone mapping parameters. 

2. The method as recited in claim 1, wherein the reference 
picture is encoded after the filtering step. 

3. The method as recited in claim 1, wherein the reference 
picture comprises a base layer reference picture or an inter 
layer reference picture, wherein an inter-layer comprises a 
layer from among the one or more enhancement layers. 

4. The method as recited in claim 1, wherein the reference 
picture comprises a spatial reference picture or a temporal 
reference picture from the enhancement layer. 

5. The method as recited in claim 1, wherein the step of 
providing further comprises processing the enhancement 
layer source picture, wherein the processing removes noise in 
the enhancement layer Source picture. 

6. The method as recited in claim 1, wherein the step of 
providing further comprises processing the enhancement 
layer source picture, wherein the processing involves apply 
ing at least one of filtering, motion transformation, motion 
compensation, illumination compensation, Scaling, inverse 
and forward tone mapping, color format conversion, and 
gamma correction. 

7. The method as recited in claim 1, wherein at least one of 
the filtered reference pictures comprises the reference pic 
ture. 

8. The method as recited in claim 1, wherein the step of 
performing disparity estimation further comprises obtaining 
cost information for the at least one filter from among the 
plurality offilters used in the step offiltering, and wherein the 
step of selecting is further based on the cost information; and 

wherein the cost information comprises a function of the 
disparity information, number of bits to be used in sig 
naling filter parameters of each filter, number of bits to 
be used in signaling the motion vectors corresponding to 
each filtered reference picture, number of bits to be used 
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in signaling the prediction distortion corresponding to 
each filtered reference picture, computational complex 
ity in applying each filter, and power consumption of 
each filter. 

9. The method as recited in claim 1, further comprising, 
between the step of performing and the step of selecting, a 
step of performing disparity compensation on the enhance 
ment layer source picture to obtain a final reconstructed pic 
ture, wherein the disparity compensation is based on the step 
of disparity estimation. 

10. The method as recited in claim 1, wherein each of the 
steps is performed on regions of the reference picture. 

11. The method as recited in claim 10, wherein the refer 
ence picture is decomposed using a plurality of region sizes 
and region shapes to obtain a plurality of reconstructed ref 
erence pictures, and wherein each of the steps are performed 
on the plurality of reconstructed reference pictures. 

12. The method as recited in claim 10, wherein the region 
sizes and the region shapes are determined based on perform 
ing edge detection on the reference picture. 

13. The method as recited in claim 1, wherein the disparity 
estimation comprises block-based motion estimation. 

14. The method as recited in claim 13, wherein motion 
vectors corresponding to a particular block are adapted to be 
predicted by motion vectors of blocks neighboring the par 
ticular block. 

15. The method as recited in claim 13, wherein block size 
is based on image characteristics of the reference picture, 
wherein the image characteristics comprise a function of at 
least one of a luma component, a chroma component, and 
edge characteristics of the reference picture and texture, 
color, shape, and size of elements in the reference picture. 

16. The method as recited in claim 13, wherein the step of 
performing disparity estimation or the step of obtaining dis 
tortion information also determines at least one of block size 
and block shape. 

17. The method as recited in claim 1, wherein the disparity 
estimation comprises integer pixel motion estimation. 

18. The method as recited in claim 1, wherein the disparity 
estimation comprises Sub-pixel accurate motion estimation. 

19. The method as recited in claim 1, wherein the disparity 
estimation is further based on one or more luma and chroma 
components. 

20. The method as recited in claim 19, wherein the dispar 
ity estimation is further based on a Subset of luma and chroma 
components, and wherein distortion of remaining luma and 
chroma components are computed based on the disparity 
information obtained from the subset of luma and chroma 
components. 

21. The method as recited in claim 20, further comprising 
a plurality of weighting factors, wherein one weighting factor 
is applied to each luma component and each chroma compo 
nent. 

22. The method as recited in claim 1, wherein the step of 
providing comprises providing a plurality of reference pic 
tures and the step of filtering is performed on a full set or 
subset of the plurality of reference pictures to obtain at least 
one filtered reference picture, and wherein each filter is 
applied to each reference picture of the full set or subset of the 
plurality of reference pictures. 

23. A system for selecting a particular filter from among a 
plurality of filters, the particular filter adapted for use in a 
reference picture processing unit in a multi-layered video 
coding system, the multi-layered video coding system com 
prising a base layer and one or more enhancement layers, the 
system comprising: 
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a) means for providing a reference picture and an enhance 

ment layer source picture; 
b) means for filtering copies of the reference picture using 

at least one filter from the plurality of filters to obtain at 
least one filtered reference picture, wherein each filter is 
applied to a corresponding copy of the reference picture; 

c) means for performing disparity estimation based on the 
enhancement layer source picture and a full set or Subset 
of the at least one filtered reference picture; and wherein 
the disparity estimation is adapted to generate disparity 
information, the disparity information being further 
based on temporal reference pictures from an enhance 
ment layer picture buffer; 

d) means for obtaining distortion information based on the 
disparity information; 

e) means for selecting the particular filter based on com 
paring the distortion information generated with the dis 
tortion information obtaining means d); and 

f) means for selecting, for each filtered reference picture on 
which disparity estimation has been performed in accor 
dance with step c), between said reference picture and a 
corresponding temporal reference picture from the 
enhancement layer picture buffer, wherein the disparity 
information comprises a function of at least one of 
motion vectors, prediction distortion, intra prediction 
information, illumination parameters, luma compo 
nents, chroma components, and tone mapping param 
eters. 

24. A non-transitory computer readable storage medium, 
comprising instructions that are tangibly encoded therewith, 
which when executed with a processor, cause the processor to 
cause, control, program or configure, at least in part, a process 
for selecting a particular filter from among a plurality of 
filters, the particular filter adapted for use in a reference 
picture processing unit in a multi-layered video coding sys 
tem, the multi-layered video coding system comprising a base 
layer and one or more enhancement layers, the process com 
prising: 

a) providing a reference picture and an enhancement layer 
Source picture; 

b) filtering copies of the reference picture using at least one 
filter from the plurality of filters to obtain at least one 
filtered reference picture, wherein each filter is applied 
to a corresponding copy of the reference picture; 

c) performing disparity estimation based on the enhance 
ment layer source picture and a full set or subset of the at 
least one filtered reference picture, wherein the disparity 
estimation is adapted to generate disparity information, 
the disparity information being further based on tempo 
ral reference pictures from an enhancement layer picture 
buffer; 

d) obtaining distortion information based on the disparity 
information; 

e) selecting the particular filter based on comparing the 
distortion information generated in the distortion infor 
mation obtaining step d); and 

f) for each filtered reference picture on which disparity 
estimation has been performed in accordance with Step 
c), selecting between said reference picture and a corre 
sponding temporal reference picture from the enhance 
ment layer picture buffer, wherein the disparity informa 
tion comprises a function of at least one of motion 
vectors, prediction distortion, intra prediction informa 
tion, illumination parameters, luma components, 
chroma components, and tone mapping parameters. 

25. A method for selecting a particular filter from among a 
plurality of filters, the particular filter adapted for use in a 
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reference picture processing unit of a computer processor in a 
multi-layered video coding system, the multi-layered video 
coding system comprising a base layer and one or more 
enhancement layers, the method comprising: 

a) providing a reference picture and an enhancement layer 
source picture; 

b) filtering copies of the reference picture using at least one 
filter from the plurality of filters to obtain at least one 
filtered reference picture, wherein each filter is applied 
to a corresponding copy of the reference picture; 

c) performing disparity estimation based on the enhance 
ment layer source picture, a full set or subset of the at 
least one filtered reference picture, and motion informa 
tion from a particular layer, wherein the disparity esti 
mation is adapted to generate disparity information, the 
disparity information being further based on temporal 
reference pictures from an enhancement layer picture 
buffer; 
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d) obtaining distortion information based on the enhance 

ment layer source picture, the full set or subset of the at 
least one filtered reference picture, and motion informa 
tion from the particular layer; 

e) selecting the particular filter based on comparing the 
distortion information acquired in the distortion infor 
mation obtaining step d); and 

f) for each filtered reference picture on which disparity 
estimation has been performed in accordance with step 
c), selecting between said reference picture and a corre 
sponding temporal reference picture from the enhance 
ment layer picture buffer, wherein the disparity informa 
tion comprises a function of at least one of motion 
Vectors, prediction distortion, intra prediction informa 
tion, illumination parameters, luma components, 
chroma components, and tone mapping parameters, and 
wherein the motion information is based on temporal 
reference pictures of the particular layer. 
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