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METHODS AND APPARATUS FOR ADAPTIVE REFERENCE FILTERING

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.

60/807,645, filed 18 July, 2006, which is incorporated by reference heréin inits
entirety.

-TECHNICAL FIELD

The present principles relate generally to video encoding and decoding and,
more particularly, to methods and apparatus for adaptive reference filtering.

BACKGROUND
In current encoder and/or decoder designs, motion compensation is used to

exploit temporal redundancy by subtracting a prediction block from the current block.
However, there exist various situations in which the motion compensated prediction is

not efficient. For exahple, one situation involves when there is a discrepancy of
sharpness/blurriness between a current frame to be encoded and a reference frame.
This may be caused by, for example, changing focus, camera pan with hand-held
devices, and/or a special effect created for a scene change. Such phenomenon can
often be observed in dramas when the camera is first focused on one character and ‘
then shifts its focus to another character when the two characters appear in different ‘
scenel/focus depthé. The first persbn looks sharper in the reference frame while the
secdnd person is blurred in the reference frame. Herein, we denote this
fobus—changing example in regular Single-view video coding as “Case 1".

Another source of discrepancy that degrades the quality of the prediction signai
appears in multi-view video sequences. In muiti-view video coding systems, scenes
are captured simultaneously by multiple cameras from different view points. Disparity
compensation is applied from view to view to exploit the redundancy among different
view pictures. Higher coding efficiency can be achieved by performing both motion
and disparity compensations, as compared to encoding each view independently.
Multi-view video systems may be built with heterogeneous cameras, or cameras that
have not been perfectly calibrated. This leads to discrepancies such as, for example,

ilumination mismatch, color mismatch and/or focus mismatch among different views.
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The efficiency of cross-view disparity compensation may deteriorate due to such
discrepancies. !-%urthermore, objects with different depfhé may poésess different kinds
of incongruity between two views. For example, object A in view 1 may be in focus
while view 2 may be in focus with objeét_ B. To perform disparity compensation from

_view 1 to view 2, object A is sharper in the reference frame while object B is blurred.

Herein, we dencte such camera focus mismatch in multi-view systems as “Case 2". .
Most of the previous literature on adaptive reference frame filtering is focused-
upon generating a sub-pixel reference for motion compensation.

For example, in one conventional adaptive interpolation filtering approach, an
adaptive interpolation filter has been proposed on a frame basis. ’A'fter obtaining the.
motion vectors using an interpolated reference frame with a fixed six-tap filter
corresponding to the International Organization for- Standardization/International
Electrotechnical Commission (ISO/IEC) Moving Picture Experts Group-4 (MPEG-4)
Part 10 Advanced Video Coding (AVC) standard/international Telecommunication

"Union, Telecommunication Sector (ITU-T) H.264 recommendation (hereinafter the

‘“MPEG-4 AVC standard”), the cqefﬁcients of the ada‘btive interpolation filter are
calculated by minimizing a matching error measure such as sum of square difference
(SSD) or sum of absolute difference (SAD). The adaptive filter is used to generate the
interpolated reference picture, which is then used for motion compensation. The
process does not carry out further motion estimation with the newly interpolated
sub-pixel reference. The filter design is constrained to be separable in vertical and

horizontal directions and is cascaded with bilinear filters.

In an improvement to the previously described adaptive interpolation filtering

"approach, another approach involves first obtaining the motion vectors with standard

interpolation filters. Depending upon the sub-pixel portion of the motion vector,

_ different interpblation filters are designed for different sub-pixel positions. The filters

employed are two-dimensional non-separable, with certain symmetric constraints to
reduce the number of coefficients to be solved. A second motion
estimation/compensation is performed with these new filters to generate a sub-pixel
reference.

In the above described prior art approaches relating to adaptive interpolation
filtering, the integer pixels in the reference frame remain unchanged, as the
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interpolation keeps the original data points unchanged. However, such an approach
may not be efficient for prédictive video coding with inherent discrepancies.

In a prior art approach to video compression using biur compensation, it is
proposed to use a blurring filter to generate a blurred reference frame. However, this
épptoach is only directed to situations where the current frame is a blurred version of
the reference frame, but not the reverse case. The set of fiiters that may be selected
by the encoder are predefined, which is quite restrictive and suboptimal as compared

to the adaptive filter design approach. Moreover, for each frame to be encoded, only’
‘one filter from the predefined set will be selected based on frame-level rate reduction.

SUMMARY
| These and other drawbacks and disadvantages of the prior art are addressed
by the present principles, which are directed to methods and apparatus for adaptive
reference ﬁlteﬁné.
According to an aspect of the present principles, there is provided an
apparatus. The appai'atus includes an encoder for encoding at least one picture. The
encoder performs adaptive filtering of at least one reference picture to 'réspectively

obtain at least one filtered reference picture, and predictively codes the at least one

picture using the at least one filtered reference picture. The at least one reference
picture is a picture wherein at least one sample thereof is used for inter-prediction
either of subsequent to the at least one sample being applied to an in-loop filter or in
an absence of the at least one sample being applied to an in-loop filter. .

Accordihg to another aspect of the present principles, there is provided a
method. The method includes encdding at least one picture. The encoding step
includes performing adaptive filtering of at least one reference picture to respectively
obtain at least one filtered reference picture, and predictively coding the at least one
picture using the at least one filtered reference picture. The at least one reference
picture is a picture wherein at least one sample thereof is used for inter-prediction

either of subsequent to the at least one sample being applied to an in-loop filter or in

~an absence of the at least one sample being applied to an in-loop filter.

According to yet another aspect of the present principles, there is provided an
apparatus. The apparatus includes a decoder for decoding at least one picture. The
decoder performs adaptive filtering of at least one reference picture to respectively



10

15

20

25

30

WO 2008/010929 PCT/US2007/015680

obtain at least one filtered reference picture, and predictively decodes the at least one
picture using the at least one filtered reference picture. 'The at'léést one reference
picture is a picture wherein at least one sample thereof is used far inter-prediction
either of subsequeht to the at least one sample being applied.to an in-loop filter or in
an absence of the at least one sample being applied to an in-loop filter.

According to a still furthér aspect of the present principles, there is pro\)ided a
method, The method includes decoding at least one picture. The decoding step
includes performing adaptive filtering of at least one reference picture to respectively
obtain at least one filtered reference picture, and predictively decoding the éf least one
picture usmg the at least one filtered reference picture. The at least one reference
plcture is a picture wherein at least one sample thereof is used for inter-prediction
either of subsequent to the at least one sample being applied to an in-loop filter or in
an absence of the at least one sample being applied to an in-loop filter.

These and other aspects, features and advantages of the present:princip!es will
become apparent from the following detailed description of exemplary embodiments.
which is to be read in connection with the accompanyihg drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS
The presént principles may be better understood in accordance with_the
following exemplary figures, in which: :

" FIG. 1 is a block diagram for an exemplary Multi-view Video Coding (MVC)
encodef with adaptive reference filtering, in accordance with an embodiment of the
present principles; : .

FIG. 2 is a block diagram for an exemplary Multi-view Video Coding (MVC)
decoder with adaptive reference ﬁltéring, in accordance with an embodiment of the
present principles; and

FIG. 3 is a flow diagram for an exemplary methad for estimating adaptive filters
at an encoder, in accordance with an embodiment of the present principles; and *

FIG. 4 is a flow diagram for an exemplary method for estimafihg adaptive filters
at a decoder, in accordance with an embodiment of the present principles.
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DETAILED DESCRIPTION

The present principles are directed to methods and apparétus for adaptive
reference filtering.

The present description illustrates the present principles: It will thus be

appreciated that those skilled in the art will be able to devise various arrangements

that, although not explicitly described or shown herein, embody the present principles.
and are included within its,.spirit and scope. '

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the present pﬁnciples and

"the concepts contributed by the inventor(s) to furthering the art, and are to be

construed as being without limitation to such specifically recited ekampléé and
conditions. ‘ _

Moreover, all statements hérein reciting principles, aspects, and embodiments
of the present principles, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, itis
intended that such equivalents include both currently known equivalents as well as
equivalents developed in the fun'Jre,Ai.‘e., any elements developed that perform the
same function, regardless of structure. _ .

Thus, for exampile, it will be appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views of illustrative circuitry '
embodying the present principles. Similarly, it will be appreciated thai any flow charts,
flow diagrams, state transition diagrams, pseudocode, and the like represent various
processes which may be substantially represented in computer readable media and
so executed by a computer or processor, whether or not such computer 6r processor
is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capablé of executing
software in association with appropriate software. When provided by a processor, the
functions may be provided by a single dedicated processor, by a sirigle shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capabl‘é of executing software, and may implicitly
include, without limitation, digita|.signal probessor (“DSP”) hardware, read-only

5
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memory (“ROM?”) for storing software, random access memory (“RAM"), and
non-volatile storage. - '

Other hardware, conventional and/or custom, may also be included. Similaﬂy,
any switches shown in the figures are conceptual only. Their function may be carried
out through the operation of program Ibgic, through dedicated logic, through the
interaction of program control and dedicated logic, or even manually, the particular
technique being selectable by the implementer as more specifically understood from

_the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function

including, for example, a) a combination of circuit elements that performs that function

or b) software in any form, including, therefore, firmware, microcode or the like,
combined with appropriate circuitry for executing that software to perform the function.
The present principles as defined by such claims reside in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the -
present principles means that a particular feature, structure, characteristic, and so
forth described in connection with the embodiment is included in at least one
embodiment of the present principles. Thus, the appearances of the phrase “in one
embodiment” or “in én embodiment” appearing in various places throughout the
specification are not necessarily all referring to the same embodiment.

Moreover, it is to be appreciated that while one or more embodiments of the
present principles are describéd herein with respect to the MPEG-4 AVC standard, the
present principles are not limited to solely this standard and, thus, may be utilized with
respect to other video coding standards, recommendations, and extensions thereof in
which motion and/or disparity compensation is applied, including extensions of the
MPEG-4 AVC standard, while maintaining the spirit of the present principles.

As used herein, the term “reference picture” refers to a picture from which a
sample is obtained for use for inter-prediction after (i.e., subsequent to) the sample is
applied to an in-loop filter (such as, for example, a deblocking filter) or when no such
in-loop filter is applied at all.
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Turning to FIG. 1, an exemplary Multi-view Video Coding (MVC) encoder with
adaptive reference filtering is indicated generally by the reference numeral 100. The
encoder 100 includes a combiner 105 having an output connected in signal

communication with an input of a'transformer 110. An output of the transformer 110 is

connected in signal communication with an input of quantizer 115. An output of the

quantizer 115 is connected in signal communication with a first input of an entrbpy _
coder 120 and an input of an inverse quantizer 125. An ouiput of the inverse quantizer
125 is connected in signal communication with an input of an inverse transformer 130.
An output of the inverse transformer 130 is connected in signal communicétion with a

first non-inverting input of a combiner 135. An output of the combiner 135 is

connected in signal communication with an input of a deblocking filter 150. An output
of the deblocking filter 150 is connected in signal communication with an input of a
decoded reference pictures store 155. An output of the decoded reference pictures
store 155 is connected in signal communication ‘with a first input of.an adaptive filter
estimator 170 and a first input of a reference picture filter 165. An output of the
adaptive filter estimator 170 is connected in signal communication with a second input
of the reference picture filter 165 and a third input of the entropy coder 120. An'output
of the referenc-:e‘ picture filter 165 is connected in signal communication with an input of
a filtered reference pictures store 160. An output of the filtered reference pictures
store. 160 is connected in signal communication with a first input of a‘.motionldis'barity
compensator 175 and a first input of a motion/disparity estimator 180. An output of the
motion/disparity estimator 180 is connected in signal communication with a second
input of the motion/disparity compensator and a second input of the entropy coder
120. An output of the motipn/dispari_ty compensator 175 is connected in 'éignal
communication with an inverting input of the combiner 105 and a non-inverting input of

the combiner 135. A non-inverting input of the combiner 105, a second input of the

motion/disparity estimator 180, and a second input of the adaptive filter estimator 170
are available as inputs to the encoder 100. An output of the entropy coder 120 is
available as an output to the encoder 100.

Turning to FIG. 2, an exemplary Multi-view Video Coding {(MVC) decoder with
adaptive reference filtering is indicated generally by the reference numeral 200. The
decoder 200 includes an entropy decoder 205 having a first output connected in signal
communication with an input of an inverse guantizer 210. An output of the inverse
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quantizer 210 is connected in signal communication with an input of an inverse
transformer 215." An output of the inverse transformer 215 is conneéted in signal 4
communication with a first non-inverting input of a combiner 220. An output of the
combiner 220 is connected in sighal communication with an input of a deblocking filter
225. An output of the deblocking filter 225 is connected in signal communication with
an input of a decoded reference pictures store 230. An output of the decoded

reference pictures store 230 is connected in signal communication with a first input of

-areference picture filter 235. An output of the reference picture filter 235 is connected

in signal communication with an input of a filtered reference pictures store 240. An
output of the filtered reference pictures store 240 is connected in signal

- communication with a first input of a motion/disparity compensator 245. An output of
the- ‘motion/disparity compensator 245 is connected with a second non-inverting input

of the combiner 220. A second output of the entropy decoder 205 is connected in
signal communication with a second input of the reference picture filter 235. A third
output of the entropy decoder 205 is connected in signal communication with a second
input of the motion/disparity compensator 245. An input of the entropy decoder 205 is
available as an input of the decoder 200. The output of the deblocking'ﬁlter 225is
available as an output of the decoder 200.

In accordance with the present principles, a method and apparatus are
provided for adaptive reference filtering. Advantageously, the method and apparatus
disclosed herein provide a better prediction signal, for at least the reasons set forth '

herein below, for predictive video coding than prior art approaches to adaptive

reference filtering.

in an embodiment, multiple filters are adaptively designed to address various
mismatches in different portions of an image.

In an embodiment, based upon the current picture to be encoded and a
reference picture, a set of filters are adaptively calculated to compensate for the
discrepancies between these two pictures. The computed filters are then applied to
the reference picture before it is used for prediction. For example, the filter operation-
is applied to the decoded reference pictures on the original sampling grid to generate
filtered version of the reference picture. These filters operate in the way that new
references with filtered pixels are generated to provide a better prediction for
predictive video coding.
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For example, filtering-on the reference frame itself will be able to better
compensate for discrepancies such as sharpness/blurriness mismatch. Also, since
adaptive reference filtering is applied to the original image resolution, it has a
computational advantage over adaptivé interpoiation fiitering..

For a sub-pixel reference, two exemplary approaches are provided. One

approach is to generate sub-pixel with the standard AVC interpolation filter, but'based :

on the pixels from new reference picture obtained as above. The other approach is to
also use adaptive filters to generate sub-pixel reference.

It is to be appreciated that the present principles may advantageously be
apphed to both motion compensated prediction in regular smgle-wew video coding
and disparity compensated prediction in Multi-view Video Coding (MVC) As one
example in accordance with an embodiment of the present pnncuples, we apply the
scheme to cross-view prediction in Multi-view Video Coding, where the disparity
information is used as a hint in determining the number of filters and in. calculating the
filter coefficients. This scheme may also be used to compensate the changmg depth
of field and/or changing blurnness in regular video coding.

Regarding the type of fi |te( that may be used in accordance ‘with the present
principles, it is to be appreciated that while one or more embodiments of the present
principles are described herein with respect to the use of Finite Impulse Response
(FIR) linear ﬁlters;, other types of filters including, t;ut not limited to, infinite lmpﬁlse
Response (lIR) filters and nonlinear filters, may also be employed, while maintaining
the spirit of the present principles. Moreover, it is to be appreciated that temporal
methods can be considered in the design of the filter, such as three-dlmensmnal filters
that involve multiple decoded reference pictures.

After the adaptive filters are estimated, the actual filtering operation can be
applied in a local basis- on the fly during the motion/disparity compensation process, or
the whole reference picture can be filtered first and stored before being used for
compensation.

In an embodiment, during the encoding process, one or moi'é filters are
adaptively designed by clustering/segmentation algorithms to compensate for various
mismatches in different portions of an image. Motion/disparity compensation can be
performed with filtered reference frames. Filter coefficients for each frame and the
selection of filteré for each block.within a given frame are transmitted to the decoder
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for correct reconstruction. The filter coefficients of our adaptive filters can be
differentially codéd for beﬁer efficiency. The reference pictui-es 'ménagement method
disclosed herein may be used to signal the block level filter selection. In a particular
embodiment directed to the MPEG-4 AVC standard, the reference indexing

mechanism corresponding thereto can be used for the purpose of signéling which filter

" to use for the coding of a particuiar bloqk. As for the decoder, adapti\}e filters are
- produced with the received coefficients. Corresponding new references can then be

generated to properly decode the video sequence.

In accordance with an embodiment, the adaptive filter estimation includes two
steps, a filter association step and a filter determination step.

Regarding the filter association step, multiple filters are enabled for each
reference picture in order to model various mismatches in differeﬁt portions of an
image. To that end, the current picture is segmented into several groups. iEach group
will be associated with one adaptive filter to be estimated later. The segmentation can
be achieved based on a number of inputs. Exemplary inputs include, but are not
limited to, motion information, disparity information, local signal characteristic, and the
prediction signél characteristic. One particular embodiment of block segi‘nentation for
filter association is to separate the foreground from the background and then
respectively associate the foreground and background With two filters. An optional
post-processing step of the group portioning could be applied to improve the filter
association results. For example, the filter association process could over-segment
the image resulting in too many filters, which could be further clustered into a smaller
number of ﬂltefs in the optional post-processing step.

Regarding filter deter‘mination’, for each sub-picture group derived from the
previous (filter association) step, filter coefficients are calculated by minimizing a cost
function for prediction errors. Only pixels associated with the current filter will be
involved in the estimation process. The cost function could be any non-increasing
function of the absolute pixel difference such as, for example, sum of squared
difference (SSD) and/or sum of absolute difference (SAD).

Turning to FIG. 3, an exemplary method for estimating adaptive filters at an
encoder is indicated generally by the reference numeral 300.

The method 300 includes a start block 305 that passes control to a function
block 310. The function block 310 performs reference list construction, and passes

10
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control to a decision block 315. The decision block 315 determines whether or not
VRP is enabled. If so, then control is passed to a function block 320. Otherwise,
control is passed to a function block 335.

The function block 320 perform_s filter association, and passés control to a
function block 325. The function block 325 performs filter determination, and passes
control to a funcfioh block 330. The function block 330 performs reference picture
filtering, and passes controi to a function block 335.

The function block 335 signals whether or not VRP is enabled and, if so, also
signals the parameters for VRP generation, and then passés control to a fupction

‘block 340. The function block 340 encodes the current picture, and passes control to

an end block 399.

The filter association performed by the function block 320 may involve, for
example, enabling multiple filters for each reference picture by segmenting the current
picture into several groups (based on, e.g., motion information, disparity information,
local signal characteristic, and the prediction signal characteristic), assdciating each
group with one filter, and optionally performing a postﬂbrocessing clustering step.

- The filter determination performed the function block 325 may involve, for
example, for each sub-picture group, calculating filter coefﬁcients by minimizing a cost
function (e.g., SSD and/or SAD) for prediction errors.

Turning to FIG. 4, an exemplary method for estimating adaptive filters at a
decoder is indicated generally by the reference numeral 400.

The method 400 includes a start block 405 that passes control to a function
block 410. The function biock 410 determines whether VRP is enabled and, if so,
determines the parameters for VRP generation, and then passes control to a function
block 415. The function block 415 performs reference list construction, and passes
control to a decision block 420. The decision block 420 determines whether or not
VRP is enabled. If so, then control is passed to a function block 425. Otherwise,
control is passed to a function block 430.

The function block 425 performs reference picture filtering, and passes control
to the function block 430.

The function block 430 decodes the current picture, and passes contral to an
end block 498.

11
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ADAPTIVE REFERENCE FILTERING FOR CROSS-VIEW PREDICTION IN MVC
The method and apparatus disclosed herein may be used in any video coding
system with motidnvcompensation and/or disparity compensation. In multi-view video
coding (MVC), disparity compensation utilizes decoded pictures from other views to
predict the current view picture. Heterogeneous and/or not perfectly calibrated
cameras in m‘ulti—viev\.r video coding systems could potentially cause a higher'amount
of discrepancy between views. Furthermore, the degree and characteristic of
mismatch might be different for different parts of the scene. For the focus mismatch
problem described in Case 2 above, various sharpness/blurriness incongri,uity will
appear for objeéts with different depths. In one embodiment directed to muiti-view

‘video coding, the disparity field can be exploited to adaptively design multiple filters.

As previously described, using multiple filters in reference filtering can
compensate for various discrepancies for objects with different scene de‘pths. For a
pair of images from two views in a multi-view video coding system, objects closer to
the cameras (shorter depth) will have-a larger disparity, while objects farther away
(longer depth) will have a smaller'disparity. This property is used in an embodirhent as
one possible way to associate objects having different depths, which involves looking
ét iheif disparity and performing an association(s) in accordance with their relative
disparity.

~ Inan embodiment, we identify objects within different depth levels and then.

calculate filter coefﬂ_cients for the various depth levels. With disparity information, we
can use various approaches to identify the objects within the different depth levels and
calculate the filter coefficients for the various depth levels. Unlike most of the prior art
work in computer vision, where elaborate methods are used to find an )
accurate/smooth disparity map at a pixel-level, here we want to find some disparity
ranges to classify objects inta différent depth groups. For the sake of simplicity and
illustration, in an‘ embodiment, we demonstrate a clustering method based on the
x-component of the block-wise disparity vectors obtained from the initial disparity
compensation. This method is suitable for multi-view systems with cameras arranged
on the same horizontal line. For two-dimensional (2D) camera arrahgements such as

a camera array, the clustering may be extended to both x and y directions of the
disparity vectors.

12
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~ To achieve block segmentation using disparity vectors, in an embodiment, we
propose a cluster.'ing app‘roach using a Gaussian Mixture Model (GMM). An
Expectation-Maximization algorithm (EM algorithm) may be applied to achieve GMM
clustering. This method will model the histogram of the x-component of disparity
‘vectors with multiple Gaussian distributions. It provides the mean, variance, and prior
probability of each Gaussian component. '

There are several advantagesih using a Gaussian Mixture Model. Some of

these advantages will now be described.

‘With respect to one advantage in using a Gaussian Mixture Model, disparity
‘estimation/compensation in video coding is generally achieved by selecting the
fnatching with the lowest rate-distortion cost. There exists the possibility that the
. obtained disparity vectovrs may not reflect the actual displacemei’it of the objects.
GMM has the ability to mode! these random noisy vectors into a Gaussian curve,
typically with quite large variance and very small prior probability. Eliminating such
Gaussian compdnent from the mixture model allows the clustering to be more
resistant to noise. A

With respect to another advantage in using a Gaussian Mixture Model, with
mean and variance specified for each Gaussian component, we can find intervals to
map disparity vectors into different groups with higher confidence (for example, mean
* one standard deviation). ‘ )

With respect to yet another advantage in using a Gaussian Mixture Model, a
Gaussian with larger variance could cover a range of disparity that is too large in that it
overlaps with other sharper shaped Gaussians. This can be easily checked by looking
at the locations of the means of different Gaussian components, combining the means
with their variances and prior probabilities. The disparity range associated with each
group can then be adjusted accordingly.

After disparity vectors are clustered into depth groups, muitiple filters are then
calculated based on image blocks associated with different groups. In an
embodiment, this procedure involves, for each depth group DG;, calculating a filter
with coefficients h; by minimizing the squared prediction error as follows:
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i=n  i=m A 2
n}lzin z (C(x,y)" JZ.Zhlij(x+dx+i.y+dy<+’j)) (1)

¥ | vix,y)eDGi J==ni=—m

In Equation (1), Cis the current frame to be encoded and R is the reconstructed
reference frame. The subscript index represents pixel location. (dx, dy) is the integer
portion of the initial disparity véctor. Equation (1) can be solved by taking the
derivative with respect to each hj.

In accordance with an embodiment, we use two-dimensional ndn—séparable
filters. However, it is to be appréciated that given the teachings of the present
principles provided herein, one of ordinary skill in this and related arts will contemplate -
these and various other types of filters that may be used in accordance with the

‘ 'present principles, while maintaining the spirit of the present principles. The size and

shape of two dimensional non-separable filters can easily be specified by changing
the values of m and n. For example, with m=n=2, the filters will be squared 5x5 filters,
in which their centers locate at the pixel to be filtered. They take the weighted sum of
pixels within a (2, #2) window to filter the reference frame. It is to be noted that the
filters are operating on the reference frame in the sense that the actual integer pixels
are filtered to génerate another version of the reference for disparity compensation.
With new references obtained by applying the adaptive filters, the second
disparity compensation is performed. The disparity estimation then éearches for the
best matching from among multiple references generated by different filters. The filter
coefficients may be differentially encoded for higher coding efficiency. Given two
views from a multi-view video coding system, the inherent mismatch in these two
cameras should not change rapidly in time. We can code the coefficients at a current

- time stamp differentially with the coefficients at a previous time stamp. As for

signaling the block-based filter selection, the reference indexing mechanism can be
used for an embodiment based on the MPEG-4 AVC standard.

ADAPTIVE FILTERING IN SINGLE-VIEW VIDEO CODING

For video with focus change, such as the previously described 'Case 1', in an
embodiment, a local based design approach can be applied. Initially, multiple filters
may be calculated locaily for different portions of an image. Since motion may not
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provide sufficient information to identify different objects, we capture local effects

“when the partition is small enough. These filters can be futther clustered together to

form groups, where subsequently each group will compute its own filter using the
corresponding signal blocks. B

A description will now be given of some of the many attendant
advantages/features of the present invention, some of which have been mentioned
above. For example, one advantagefeature is an apparatus that includes an encoder

. for encoding at least one picture, wherein the encoder performs adaptive filtering of at’
~least one reference picture to respectively obtain at least one filtered reference

picture, and predictively codes the at least one picture using the at least one filtered

'reference picture. The at least one reference picture is a picture wherein at least one
. sample thereof is used for inter-prediction either of subsequent to the at least one

sample being applied to an in-loop filter or in an absence of the at least one sample
being applied to an in-loop fitter. '

Another advantage/feature is the apparatus having the encoder as described
above, wherein the encoder adaptively determines at least one of fiiter coefficients
and a number of filters to be applied to the at least one reference picture based upon
ihformétion corresponding to the at least one picture and the at least one reference
picture.

_ Yet another advantage/feature is the apparatus having the encoder that
adaptively determines the fiiter coefficients and the number of filters to be applied as
described above; Wherein the information includes at least one of motion information
and disparity information corresponding to the at least one picture and the at least one
reference picture. ‘

_ Moreover, another advantage/feature is the apparatus having the encoder that
adaptively determines the filter coefficients and the number of filters to be applied as
described above, wherein the information includes at least one of intensity information
and color information corresponding to the at least one picture and the at least one
reference picture.

Further, another advantage/feature is the apparatus having the encoder that
adaptively determines the filter coefficients and the number of filters to be applied as
described above, wherein the information is obtained using at least one of a clustering
method and a segmentation method.
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Also, anofher advantage/feature is the apparatus having the ericoder wherein
the information is obtained using at least one a clusterihg method and a segmentation
method as described above, wherein at least one of the clustering method and the
ségmentation method are based upon an Expectation-Maximization method.

Additionally, another advantage/feature is the apparatus having the encoder
wherein the infohﬁaﬁon is obtained using at least one a clustering method and a
segmentation method as déscribed above, wherein at least one of the clustering

-method and the segmentation method are based upon a Gaussian Mixture Model.

Moreover, another advantage/feature is the apparatus having the encoder as

" described above, wherein the encoder associates different portions of the at least one

picture with a plurality of filters to capture various discrepancies in the-different

-portions of the at least one picture.

Further, another advantagé/feature is the apparatus having the encoder as
described above, wherein the encoder uses at least one adaptive ﬁl}ér to generate at
least one of integer pixels and sub-pixels for the at least one filtered reference picture.

Also, another advantagé/feature is the apparatus having the encoder as
described above, wherein the encoder differentially encodes filter coefficients for the
adaptive filtering of the at least one reference picture based upon at Ieést one of a
spatial structure and a temporal structure of the encoder. |

~ Additionally, another advantage/feature is the apparatus having the encoder_as
described above, wherein the encoder enables multiple ones of the at least one
filtered reference bicture, and adaptively utilizes one or more of the mulitiple ones of
the at least one filtered reference picture on an image block-basis. -

Moreover, another advantage/feature is the apparatus having the encoder as
described above, wherein one or more filters used in the adaptive filtering are one of

one-dimensional, two-dimensional, and three-dimensional.

These and other features and advantages of the present principles may be

readily ascertained by one of ordinary skill in the pertinent art based on the teachings

herein. It is to be understood that the teachings of the present principles may be
implemented in various forms of hardware, software, firmware, special purpose
processors, or combinations thereof.

Most preferably, the teachings of the present principles are implemented as a
combination of hardware and software. Moreover, the software may be implemented
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as an application program tangibly embodied on a program storage unit. The
application program may'be uploaded to, and executed by, a machine comprising any
suitable architecture. Preferably, the machine is implemented on a computer platform
having hardware.such as one or more central processing units (“CPU"), a random

‘access memory (“RAM”), and input/output (“//O”) interfaces. The computer platform

may also include an operating system and microinstruction code. The various
processés and functions described herein may be either part of the microinstruction
code or part of the application program, or any combination thereof, which may be
executed by a CPU. In addition, various other peripheral units may be oohnected to
the computer platform such as an additional data storage unit and a printing unit.

it is to be further understood that, because some of the constituent system
cbmponents and methods depicted in the accompanying drawin"gs are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present principles are programmed. Given the teachings herein, one of ordinary ékill

'in the pertinent art will be able to contemplate these and similar implementations or

configurations of the present principles.

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

1. An apparatus, comprising:

an encoder (100) for encoding at least one picture, wherein said encoder
performs adaptive filtering of at least one reference picture to respectively obtain at
least one filtered reference picture, and predictively codes the at least one picture

- using the at least one filtered reference picture, the at least one reference picture

being a picture wherein at least one sample thereof is used for inter-prediction either
of subsequent to the at least one sample being applied to an in-loop filter or in an
absence of the at least one sample being applied to an in-loop filter.

2. The apparatus of claim 1, wherein said encoder (100) adaptively
determines at least one of filter coefficients and a number of filters to be-'applied to the
at least one reference picture based upon information corresponding to the at least
one picture and the at least one reference picture.

3. The apparatus of claim 2, wherein the information comprises at least
one of motion information and disparity information corresponding to the at least one
picture and the at least one reference picture.

4. The apparatus of claim 2, wherein the information comprises at least
one of intensity information and color information corresponding to the at least one

-picture and the at ieast one reference picture.

5. The apparatus of claim 2, wherein the information is obtained using at
least one of a clustering method and a segmentation method.

6. - The apparatus of claim 5, wherein at least one of the clustering method
and the segmentation method are based upon an Expectation—Ma)éimization method.

7. The apparatus of claim 5, wherein at least one of the clustering method
and the segmentation method are based upon a Gaussian Mixture Model.
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8. The apparatus of claim 1, wherein said encoder (1 00) associates
different portions of the at least one picture with a plurality of filters to capture various
discrepancies in the different portions of the at least one picture.

9. The apparatus of claim 1, wherein said encoder (100) uses at least one
adaptive filter to generate at least one of integer pixels and sub-pixels for the at least
one filtered reference picture. '

10.  The apparatus of claim 1, wherein said encoder (100) differentialty
encodes filter coefficients for the adaptive filtering of the at least one reference picture
based upon at least one of a spatial structure and a temporal structure of the encoder.

11.  The apparatus of claim 1, wherein said encoder (100) enables muitiple
ones of the at least one filtered reference picture, and adaptively utilizes one or more
of the multiple ones of the at least one filtered reference picture on an image »
block-basis. '

12.  The apparatus of claim 1, wherein one or more filters used in the
adaptive filtering are one of one-dimensional, two-dimensional, and
three-dimensional.

13. A method, comprising:

encoding at least one picture, wherein said encoding step comprises
performing adaptive filtering of at least one reference picture to respectively obtain at
least one filtered reference picture, and predictively coding the at least one picture
using the at least one filtered reference picture, the at least one reference picture
being a picture wherein at least one sample thereof is used for inter-prediction either
of subsequent to the at least one sample being applied to an in-loop filter or in an
absence of the at least one sample being applied to an in-loop filter (330).
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14.  The method of claim 13, wherein said encoding step comprises
adaptively determining at least one of filter coefficients and a number of filters to be
abplied to the at least one reference pjéture based upon information corresponding to
the at least one picture and the at least one reference picture (325).

15. The method of claim 14, wherein the information comprises at least one
of motion information and disparity information corresponding to the at least one
picture and the at least one reference picture (320).

16.  The method of claim 14, wherein the information comprises at least one

- of intensity information and color information corresponding to the at least one picture

and the at least one reference picture (320).

17.  The method of claim 14, wherein the information is obtained using at
least one of a clustering method and a segmentation method (320).

18.  The method of claim 17, wherein at least one of the clustering method
and the segmentation method are based upon an Expectation-Maximization method
(320).

19. The method of claim 17, wherein at least one of the clustering method
and the segmentation method are based upon a Gaussian Mixture Model (320).

20.  The method of claim 13, wherein said encoding step comprises
associating different portions of the at least one picture with a plurality of filters to
capture various'd_iscrepancies in the different portions of the at least one picture (320).

21. - The method of claim 13, wherein said encoding step uses at least one
adaptive filter to generate at least one of integer pixels and sub-pixels for the at least
one filtered reference picture (330).
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22.  The method of claim 13 wherein the method is performed by an
encoder, and sald encoding step differentially encodes fi Iter coefﬁcnents for the.
adaptive filtering of the at least one reference picture based upon at least one of a-
spatial structure and a temporal structure of the encoder (340).

23.  The method of claim 13, wherein said encoding step enables muitiple
ones of the at least one filtered reference picture, and adaptively utilizes one or more
of the multiple ones of the at least one filtered reference picture on an image
block-basis (340). '

24.  The method of claim 13, wherein one or more filters used in the adaptive
filtering are one of one-dimensional, two-dimensional, and three-dimensional (325).

25. An apparatus, comprising:

a decoder (200) for decoding at least one picture, wherein said decoder _
performs adaptive filtering of at least one reference pi'cture to respectively obtain at
least one filtered reference pictufe, and predictively decodes the at Ieast one picture
using the at least one filtered reference picture, the at least one reference picture
being a picture wherein at least one sample thereof is used fdr inter-prediction either
of subsequent to the at least one sample being applied to an in-loop filter or in an
absence of the at least one sample being applied to an in-loop filter.

26.  The apparatus of claim 25, wherein said decoder (200) determines at

‘least one of filter coefficients and a number of filters to be applied to the ét least one

reference picture based upon information corresponding to the at least one picture

“and the at least one reference picture.

27. The apparatus of claim 26, wherein the information comprises at least

one of motion information and disparity information corresponding to the at least one
picture and the at least one reference picture.
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28. The apparatus of claim 26, wherein the information comprises at least
one of intensity information and color information corresponding to the at least one
picture and the at least one reference picture.

- 29.  The apparatus of claim 25, wherein said decoder (200) associates
different portions of the at least one picture with a plurality of filters to capture various
discrepancies in the different portions of the at least one picture.

30.  The apparatus of claim 25, wherein said decoder (200) uses at least one
adaptive filter to generate at least one of integer pixels and sub-pixels for the at least

‘one filtered reference picture.

31.  The apparatus of claim 25, wherein said decoder (200) differentially
decodes filter coefficients for the adaptive filtering of the at least one reference picture
based upon at least one of a spatial structure and a temporal structure of the decoder.

32.  The apparatus of claim 25, wherein said decoder (200) enables muitiple
ones of the at least one filtered reference picture, and adaptively utilizes one or more
of the multiple ones of the at least one filtered reference picture on an image
block-basis.

33. The apparatus of claim 25, wherein one or more filters used in the
adaptive filtering are one of one-dimensional, two-dimensional, and
three-dimensional.

34. A method, comprising:

decrodinglat least one picture, wherein said decoding step comprises
performing adaptive fiitering of at least one reference picture to respectively obtain at
least one filtered reference picture, and predictively decoding the at least one picture
using the at least one filtered reference picture, the at least one reference picture
being a picture wherein at least one sample thereof is used for inter-prediction either
of subsequent to the at least one sample being applied to an in-loop filter or in an
absence of the at least one sample being applied to an in-loop filter (425).
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35. The method of claim 34, wherein said decoding step comprises .
determining at least one of filter coefficients and a number of filters to be applied to the
at least one reference picture based-upon information corresponding to the at least
one picture and the at least one reference picture (410).

36. The method of claim 35, wherein the information comprises at least one
of motion information and disparity information corresponding to the at least one

picture-and the at least one reference picture (410).

37.  The method of claim 35, wherein the information comprises at least one

~of intensity information and color information corresponding to the at least one picture

and the at least one reference piéture (410).

38. The method of claim 34, wherein said decoding step comprises
associating different portions of the at least one picture with a plurality of filters to
capture various discrepancies in the different portions of the at least one picture (410).

39. The method of claim 34, wherein said det:oding step uses at least one

adaptive filter to generate at least one of integer pixels and sub-pixels for the at least
one filtered reference picture (425).

40. The method of claim 34, wherein the method is performed by a decoder,
and said decoding step comprises differentially decoding filter coefficients for the
adaptive filtering of the at least one reference picture based upon at least one of a

.spatial structure and a temporal structure of the decoder (410).

41.  The method of claim 34, wherein said decoding step comprises enabling
multiple ones of the at least one filtered reference picture, and adaptively utilizing one
or more of the muitiple ones of the at least one filtered reference picture on an image
block-basis (430). |
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42. The method of claim 34, wherein one or more filters used in the adaptive
filtering are one of one-dimensional, two-dimensional, and three-dimensional (410).

43. A video signal structure for video encoding, comprising:

- at least one picture encoded by adaptive filtering of at least one reference
picture to respectively obtain at least one filtered reference picture, and predictive
coding of the at léast_ one picture using the at least one filtered reference picture, the at
least one reference picture being a picture wherein at least one sample thereof is used
for inter-prediction either of subsequent to the at least one sample being abp!ied toan
in-loop filter or ih an absence of the at least one sample being applied to an in-loop
filter.

44, A storage media having video signal data encoded thereupbn,
comprising:

at least one picture encoded by adaptive filtering of at least one reference
picture to respectively obtain at least one filtered reference picture, and predictive
coding of the at least one picture using the at least one filtered reference picture, the at
least one reference picture being a picture wherein at least one sample thereof is used
for inter-prediction either of subsequent to the at least one sample being applied to an
in-lbop filter or in‘an absence of the at least one sample being applied to an in-loop
filter.
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