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DECODING

(57)  There are provided methods and apparatus for
transform selection in video coding. An apparatus in-
cludes a video encoder (300) for encoding atleast a block
in a picture by selecting a transform (329) to apply to a
residue of the block from a set of two or more available
transforms(325, 326, 327). The transform is selected
based on an inter prediction mode used to predict at least
one reference for the block.
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Description

TECHNICAL FIELD

[0001] The present principles relate generally to video
encoding and decoding and, more particularly, to meth-
ods and apparatus for the selection of transforms to be
used for video encoding and decoding.

BACKGROUND

[0002] The block-based discrete transform is a funda-
mental component of many image and video compres-
sion standards and recommendations including the Joint
Photographic Experts Group (JPEG) Standard, the In-
ternational Telecommunication Union, Telecommunica-
tion Sector (ITU-T) H.263 Recommendation (hereinafter
the "H.263 Recommendation"), the International Organ-
ization for Standardization/International Electrotechnical
Commission (ISO/IEC) Moving Picture Experts Group-1
(MPEG-1) Standard, the MPEG-2 Standard, the ISO/IEC
MPEG-4 Part 10 Advanced Video Coding (AVC) Stand-
ard/ITU-T H.264 Recommendation (hereinafter the
"MPEG-4 AVC Standard"), and others, and it is used in
a wide range of applications.

[0003] Thediscrete cosinetransform (DCT)isthe most
extensively used block transform. The DCT scheme
takes advantage of the local spatial correlation property
of the image/frame by dividing the image/frame into
blocks of pixels (usually 4x4 and 8x8), transforming each
block from the spatial domain to the frequency domain
using the discrete cosine transform, and quantizing the
DCT coefficients. Most image and video compression
standards use a fixed two-dimensional (2-D) separable
DCT block transform. If several block sizes are allowed
(typically, from 4x4 to 16x16 blocks), then they use a
DCT having a size corresponding to the block. Nonethe-
less, there is only one possible transform for each block
size.

[0004] However,theimage and video content has data
with varying statistics and properties. Thus, the availa-
bility of, and hence forced use of, a single transform per
block size fails to realize any potential compression gains
that could be available using a different transform than
the single transform available per block size.

[0005] In the image and video coding standards such
as, for example, the MPEG-4 AVC Standard, there is
only one choice for the block transform to use for each
block size. There is no selection of the transform.
[0006] Turning to FIG. 1, a video encoder capable of
performing video encoding in accordance with the
MPEG-4 AVC Standard is indicated generally by the ref-
erence numeral 100. The video encoder 100 includes a
frame ordering buffer 110 having an outputin signal com-
munication with a non-inverting input of a combiner 185.
An output of the combiner 185 is connected in signal
communication with a first input of a transformer and
quantizer 125. An output of the transformer and quantizer
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125 is connected in signal communication with a first in-
put of an entropy coder 145 and a first input of an inverse
transformer and inverse quantizer 150. An output of the
entropy coder 145 is connected in signal communication
with a first non-inverting input of a combiner 190. An out-
put of the combiner 190 is connected in signal commu-
nication with a first input of an output buffer 135.

[0007] A first output of an encoder controller 105 is
connected in signal communication with a second input
of the frame ordering buffer 110, a second input of the
inverse transformer and inverse quantizer 150, an input
of a picture-type decision module 115, a first input of a
macroblock-type (MB-type) decision module 120, a sec-
ond input of an intra prediction module 160, a second
input of a deblocking filter 165, a first input of a motion
compensator 170, a first input of a motion estimator 175,
and a second input of a reference picture buffer 180.
[0008] A second output of the encoder controller 105
is connected in signal communication with a first input of
a Supplemental Enhancement Information (SEI) inserter
130, a second input of the transformer and quantizer 125,
a second input of the entropy coder 145, a second input
of the output buffer 135, and an input of the Sequence
Parameter Set (SPS) and Picture Parameter Set (PPS)
inserter 140.

[0009] An output of the SEI inserter 130 is connected
in signal communication with a second non-inverting in-
put of the combiner 190.

[0010] Afirstoutputofthe picture-type decisionmodule
115 is connected in signal communication with a third
input of the frame ordering buffer 110. A second output
of the picture-type decision module 115 is connected in
signal communication with a second input of a macrob-
lock-type decision module 120.

[0011] An output of the Sequence Parameter Set
(SPS) and Picture Parameter Set (PPS) inserter 140 is
connected in signal communication with a third non-in-
verting input of the combiner 190.

[0012] An output of the inverse quantizer and inverse
transformer 150 is connected in signal communication
with a first non-inverting input of a combiner 119. An out-
put of the combiner 119 is connected in signal commu-
nication with a first input of the intra prediction module
160 and afirst input of the deblocking filter 165. An output
of the deblocking filter 165 is connected in signal com-
munication with a first input of a reference picture buffer
180. An output of the reference picture buffer 180 is con-
nected in signal communication with a second input of
the motion estimator 175 and a third input of the motion
compensator 170. A first output of the motion estimator
175 is connected in signal communication with a second
input of the motion compensator 170. A second output
of the motion estimator 175 is connected in signal com-
munication with a third input of the entropy coder 145.
[0013] An output of the motion compensator 170 is
connected in signal communication with a first input of a
switch 197. An output of the intra prediction module 160
is connected in signal communication with a second input
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of the switch 197. An output of the macroblock-type de-
cision module 120 is connected in signal communication
with a third input of the switch 197. The third input of the
switch 197 determines whether or not the "data" input of
the switch (as compared to the control input, i.e., the third
input) is to be provided by the motion compensator 170
or the intra prediction module 160. The output of the
switch 197 is connected in signal communication with a
second non-inverting input of the combiner 119 and an
inverting input of the combiner 185.

[0014] Afirstinputof the frame ordering buffer 110 and
an input of the encoder controller 105 are available as
inputs of the encoder 100, for receiving an input picture.
Moreover, a second input of the Supplemental Enhance-
ment Information (SEI) inserter 130 is available as an
input of the encoder 100, for receiving metadata. An out-
put of the output buffer 135 is available as an output of
the encoder 100, for outputting a bitstream.

[0015] Turning to FIG. 2, a video decoder capable of
performing video decoding in accordance with the
MPEG-4 AVC Standard is indicated generally by the ref-
erence numeral 200. The video decoder 200 includes an
input buffer 210 having an output connected in signal
communication with a first input of the entropy decoder
245. Afirst output of the entropy decoder 245 is connect-
ed in signal communication with a first input of an inverse
transformer and inverse quantizer 250. An output of the
inverse transformer and inverse quantizer 250 is con-
nected in signal communication with a second non-in-
verting input of acombiner 225. An output of the combiner
225 is connected in signal communication with a second
input of a deblocking filter 265 and a first input of an intra
prediction module 260. A second output of the deblocking
filter 265 is connected in signal communication with a
first input of a reference picture buffer 280. An output of
the reference picture buffer 280 is connected in signal
communication with a second input of a motion compen-
sator 270.

[0016] A second output of the entropy decoder 245 is
connected in signal communication with a third input of
the motion compensator 270 and a first input of the de-
blocking filter 265. A third output of the entropy decoder
245 is connected in signal communication with an input
of a decoder controller 205. A first output of the decoder
controller 205 is connected in signal communication with
a second input of the entropy decoder 245. A second
output of the decoder controller 205 is connected in signal
communication with a second input of the inverse trans-
former and inverse quantizer 250. A third output of the
decoder controller 205 is connected in signal communi-
cation with a third input of the deblocking filter 265. A
fourth output of the decoder controller 205 is connected
in signal communication with a second input of the intra
prediction module 260, a first input of the motion com-
pensator 270, and a second input of the reference picture
buffer 280.

[0017] An output of the motion compensator 270 is
connected in signal communication with a first input of a
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switch 297. An output of the intra prediction module 260
is connected in signal communication with a second input
of the switch 297. An output of the switch 297 is connect-
ed in signal communication with a first non-inverting input
of the combiner 225.

[0018] An input of the input buffer 210 is available as
an input of the decoder 200, for receiving an input bit-
stream. A first output of the deblocking filter 265 is avail-
able as an output of the decoder 200, for outputting an
output picture.

[0019] There have been some prior proposals for the
use of multiple transforms in a single coding scheme. In
a first prior art approach, an optimal linear transform is
disclosed, which is referred to as the Karhunen Loeve
Transform (KLT). KLT is employed to derive the best
transform for each of the 9 intra prediction modes in the
MPEG-4 AVC Standard. The statistics for each mode are
extracted and the corresponding KLTs are derived. Each
intra prediction residual is encoded with its KLT. The 9
intra modes partition the data space effectively, in such
a way that the DCT is no longer close to the best trans-
form, so a distinctive best transform can be derived and
successfully applied. In sum, the proposal uses several
transforms, but each of themiis fixed to the intra prediction
mode selected.

[0020] A second priorartapproach proposes to modify
the DCT transform to several frequencies, that is, chang-
ing the basis functions with different all-pass filters to
attain a variety of warped frequency responses. The re-
sulting transforms are called warped DCT (WDCT). An
exhaustive rate distortion (R-D) search is performed for
each block and the selected transform is indicated with
side information. The idea is applied to image compres-
sion.

[0021] A third prior art approach describes using the
WDCT and embedding the transform selection within the
transformed coefficients themselves. The method shows
good performance for low-bit rate image compression.
Also, the method adds a post-filtering step that minimizes
the mean square error (MSE). The filter is determined at
the encoder and multiplexed into the bit-stream.

[0022] A fourth prior art approach proposes an alge-
braic optimization of a set of transforms for a large data-
base. The set is partitioned iteratively until it reaches a
stable point in which each transform is sparse-optimal
for its particular subset of data. The coder indicates
through a quad-tree which transform is used in each
block. Thus, the transform choice is not done independ-
ently for each block.

[0023] A fifth prior art approach proposes an integer
sine transform (IST) for inter frame mode. An inter frame
residue has a low correlation, and the DCT is adequate
only for highly correlated data. Therefore, it proposes a
sine transform, which s efficient for data with a correlation
from -0.5 to 0.5. The KLT coincides with the sine trans-
form in part of this range. The IST is derived from the
sine transform in exactly the same way as the integer
cosine transform in the MPEG-4 AVC Standard. The fifth
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prior art approach has implemented the 4x4 and 8x8 IST
versions. The same transform is applied for the whole
macroblock, sending a flag, unless the macroblock is di-
vided into 4 sub-macroblocks, then 4 flags are sent spec-
ifying the transform employed in each sub-macroblock.
[0024] A sixth prior art approach proposes a scheme
similar to that proposed in the fifth prior art approach.
The sixth prior art approach proposes an adaptive pre-
diction error coding (APEC) scheme that enables adap-
tive prediction error coding in the spatial and frequency
domain. For each block of the prediction error, either
transform coding or spatial domain coding is applied. The
algorithm with a lower rate-distortion cost is chosen.
[0025] The preceding approaches propose a limited
range of choice of the best transform and do not fully
exploit the available possibilities.

SUMMARY

[0026] These and otherdrawbacks and disadvantages
of the prior art are addressed by the present principles,
which are directed to methods and apparatus for trans-
form selection in video coding.

[0027] Accordingtoanaspectofthe presentprinciples,
there is provided an apparatus. The apparatus includes
a video encoder for encoding at least a block in a picture
by selecting a transform to apply to a residue of the block
from a set of two or more available transforms. The trans-
form is selected based on at least one of an inter predic-
tion mode used to predict at least one reference for the
block, one or more values corresponding to a motion vec-
tor, a value of a residue of one or more previously en-
coded blocks, a value of prediction data for the block,
one or more transform selections of one or more neigh-
boring reconstructed blocks, and a quantization step ap-
plied to transform coefficients for the residue of the block.
[0028] Accordingto another aspect of the present prin-
ciples, there is provided an apparatus. The apparatus
includes a video encoder for encoding at least a block in
a picture by selecting a transform to apply to a residue
of the block from a set of two or more available trans-
forms. The video encoder sends information describing
the selected transform by at least one of sending the
information explicitly using one or more flags, sending
the information using a tree structure in a bitstream, em-
bedding the information within transform coefficients cor-
responding to the selected transform, and allowing a cor-
responding decoder to infer the selected transform from
already decoded data.

[0029] According to yet another aspect of the present
principles, there is provided an apparatus. The apparatus
includes a video encoder for encoding at least a block in
a picture in a video sequence by selecting a transform
to apply to a residue of the block from a set of two or
more available transforms. The set of transforms is at
least one of determined and refined using reconstructed
data from one or more previous pictures in the video se-
quence.
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[0030] According to still another aspect of the present
principles, there is provided an apparatus. The apparatus
includes a video encoder for encoding at least a block in
a picture by selecting a transform to apply to a residue
of the block from a set of two or more available trans-
forms. The set of transforms is determined from data to
be encoded for the block.

[0031] According toafurtheraspectofthe present prin-
ciples, there is provided a method in a video encoder.
The method includes encoding atleastablockin a picture
by selecting a transform to apply to a residue of the block
from a set of two or more available transforms. The trans-
form is selected based on at least one of an inter predic-
tion mode used to predict at least one reference for the
block, one or more values corresponding to a motion vec-
tor, a value of a residue of one or more previously en-
coded blocks, a value of prediction data for the block,
one or more transform selections of one or more neigh-
boring reconstructed blocks, and a quantization step ap-
plied to transform coefficients for the residue of the block.
[0032] According to a still further aspect of the present
principles, there is provided a method in a video encoder.
The method includes encoding atleastablockin a picture
by selecting a transform to apply to a residue of the block
from a set of two or more available transforms; and send-
ing information describing the selected transform by at
least one of sending the information explicitly using one
or more flags, sending the information using a tree struc-
ture in a bitstream, embedding the information within
transform coefficients corresponding to the selected
transform, and allowing a corresponding decoder to infer
the selected transform from already decoded data.
[0033] According to a yet further aspect of the present
principles, there is provided a method in a video encoder.
The method includes encoding atleastablockin a picture
in a video sequence by selecting a transform to apply to
a residue of the block from a set of two or more available
transforms. The set of transforms is at least one of de-
termined and refined using reconstructed data from one
or more previous pictures in the video sequence.
[0034] According to an additional aspect of the present
principles, there is provided a method in a video encoder.
The method includes determining a set of one or more
transforms; and encoding at least a block in a picture by
selecting a transform to apply to a residue of the block
from the set of transforms. The set of transforms is de-
termined from data to be encoded for the block.

[0035] These and other aspects, features and advan-
tages of the present principles will become apparent from
the following detailed description of exemplary embodi-
ments, which is to be read in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The present principles may be better under-
stood in accordance with the following exemplary figures,
in which:



7 EP 2 991 352 A1 8

FIG. 1 is a block diagram showing a video encoder
capable of performing video encoding in accordance
with the MPEG-4 AVC Standard;

FIG. 2 is a block diagram showing a video decoder
capable of performing video decoding in accordance
with the MPEG-4 AVC Standard;

FIG. 3 is a block diagram showing an exemplary vid-
eo encoder with transform selection to which the
present principles may be applied, in accordance
with an embodiment of the present principles;

FIG. 4 is a block diagram showing an exemplary vid-
eo decoder with transform selection to which the
present principles may be applied, in accordance
with an embodiment of the present principles;

FIG. 5is aflow diagram showing an exemplary meth-
od for transform selection in a video encoder, in ac-
cordance with an embodiment of the present princi-
ples;

FIG. 6 is aflow diagram showing an exemplary meth-
od for transform selection in a video decoder, in ac-
cordance with an embodiment of the present princi-
ples;

FIG. 7 is aflow diagram showing an exemplary meth-
od for transform selection and conveyance in a video
encoder, in accordance with an embodiment of the
present principles;

FIG. 8is aflow diagram showing an exemplary meth-
od for transform conveyance and selection in a video
decoder, in accordance with an embodiment of the
present principles;

FIG. 9is a flow diagram showing another exemplary
method for transform selection and conveyance in a
video encoder, in accordance with an embodiment
of the present principles; and

FIG. 10is aflow diagram showing another exemplary
method for transform conveyance and selection in a
video decoder, in accordance with an embodiment
of the present principles.

DETAILED DESCRIPTION

[0037] The present principles are directed to methods
and apparatus for transform selection in video coding.
[0038] 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, em-
body the present principles and are included within its
spirit and scope.

[0039] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the present principles and the
concepts contributed by the inventor(s) to furthering the
art, and are to be construed as being without limitation
to such specifically recited examples and conditions.
[0040] Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the present princi-
ples, as well as specific examples thereof, are intended
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to encompass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents
include both currently known equivalents as well as
equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of
structure.

[0041] Thus, for example, it will be appreciated by
those skilled in the art that the block diagrams presented
herein represent conceptual views of illustrative circuitry
embodying the present principles. Similarly, it will be ap-
preciated that any flow charts, flow diagrams, state tran-
sition diagrams, pseudocode, and the like represent var-
ious processes which may be substantially represented
in computer readable media and so executed by a com-
puter or processor, whether or not such computer or proc-
essor is explicitly shown.

[0042] The functions of the various elements shown in
the figures may be provided through the use of dedicated
hardware as well as hardware capable of executing soft-
ware in association with appropriate software. When pro-
vided by a processor, the functions may be provided by
a single dedicated processor, by a single shared proc-
essor, 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 re-
fer exclusively to hardware capable of executing soft-
ware, and may implicitly include, without limitation, digital
signal processor ("DSP") hardware, read-only memory
("ROM") for storing software, random access memory
("RAM"), and non-volatile storage.

[0043] Other hardware, conventional and/or custom,
may also be included. Similarly, any switches shown in
the figures are conceptual only. Their function may be
carried out through the operation of program logic,
through dedicated logic, through the interaction of pro-
gram control and dedicated logic, or even manually, the
particular technique being selectable by the implementer
as more specifically understood from the context.
[0044] Inthe claims hereof, any element expressed as
a means for performing a specified function is intended
to encompass any way of performing that function includ-
ing, for example, a) a combination of circuit elements that
performs that function or b) software in any form, includ-
ing, 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.
Itis thus regarded that any means that can provide those
functionalities are equivalent to those shown herein.
[0045] Reference in the specification to "one embodi-
ment" or "an embodiment" of the present principles, as
well as other variations thereof, 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 ap-
pearances of the phrase "in one embodiment" or "in an
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embodiment", as well any other variations, appearing in
various places throughout the specification are not nec-
essarily all referring to the same embodiment. Moreover,
it is to be noted that the phrases "embodiment" and "im-
plementation" are used interchangeably herein.

[0046] Moreover, as used herein, the words "picture”
and "image" are used interchangeably and refer to a still
image or a picture from a video sequence. As is known,
a picture may be a frame or a field.

[0047] Further, as used herein, the word "block" refers
to ablock of any block size, including a super macroblock,
a macroblock, a macroblock partition, and a sub-mac-
roblock partition.

[0048] Also, as used herein, the word "refinement" with
respect to a set of transforms or a transform refers to
information required to derive a transform/set of trans-
forms from a reference transforms/set of transforms.
Usually, it is more efficient to send the information of the
"difference" (refinement) of a transform/set of transforms
than to send all the information required to derive the
transform/set of transforms from scratch.

[0049] Additionally, as used herein, the phrase "side
information" refers to additional information that has to
be included in the bitstream to convey to the decoder
additional data that is not found in the usual bitstream.
For instance, if two transforms may be used to encode
a block, the selected transform has to be signaled so the
decoder knows whatinverse transform to use. Therefore,
the encoder could include 1 bit of 'side information’ indi-
cating what inverse transform is to be used.

[0050] Itis to be appreciated that the use of any of the
following "/", "and/or", and "at least one of", for example,
in the cases of "A/B", "A and/or B" and "at least one of A
and B", is intended to encompass the selection of the
first listed option (A) only, or the selection of the second
listed option (B) only, or the selection of both options (A
and B). As a further example, in the cases of "A, B, and/or
C" and "at least one of A, B, and C", such phrasing is
intended to encompass the selection of the first listed
option (A) only, or the selection of the second listed option
(B) only, or the selection of the third listed option (C) only,
or the selection of the first and the second listed options
(A and B) only, or the selection of the first and third listed
options (A and C) only, or the selection of the second
and third listed options (B and C) only, or the selection
of all three options (A and B and C). This may be extend-
ed, as readily apparent by one of ordinary skill in this and
related arts, for as many items listed.

[0051] Moreover, itis to be appreciated that while one
or more embodiments of the present principles are de-
scribed herein as advancements over (and with refer-
ence to) the MPEG-4 AVC standard, the present princi-
ples are not so limited and, thus, may be utilized with
respect to other video coding standards, recommenda-
tions, and extensions thereof, including extensions of the
MPEG-4 AVC standard, while maintaining the spirit of
the present principles.

[0052] As noted above, the present principles are di-
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rected to methods and apparatus for transform selection
in video coding. Recognizing that image and video con-
tent has data with varying statistics and properties, we
alsorecognize that there are potential compression gains
to be realized if several transforms could be used for
each block, selecting for each situation the most favora-
ble transform within a range of options. In at least one
embodiment, we propose to optimize/design a set of
transforms to given statistics or patterns and select from
the set the best transform for each region or block.
[0053] Thus, we propose a more general and broader
approach that includes alternatives not considered in the
prior art. In accordance with the present principles, we
describe using a set of transforms (two or more trans-
forms) and then encode an image or video choosing the
best transform of the set for each region, slice, block or
macroblock. The set of transforms may be optimized or
designedforarange of statistics orimage/video patterns.
The present principles also involve how to choose the
best transform and the proper signaling of the selected
transform, so that the image/video decoder can recover
the choice information efficiently.

[0054] There is no need to restrict the video encoder
and decoder to have only one possible transform. In an
embodiment, we propose that the video encoder can
choose from among different transforms for each block,
macroblock, or region to achieve the best performance.
Then, in an embodiment, we combine the set of trans-
forms in the encoder with a light syntax that does not
damage the potential gains.

[0055] Turning to FIG. 3, an exemplary video encoder
with transform selection is indicated generally by the ref-
erence numeral 300. The video encoder 300 includes a
frame ordering buffer 310 having an outputin signal com-
munication with a non-inverting input of a combiner 385.
An output of the combiner 385 is connected in signal
communication with an input of a transformer and quan-
tizer 1 325, an input of a transformer and quantizer 2 326,
and an input of a transformer and quantizer n 327. An
output of the transformer and quantizer 1 325 is connect-
ed in signal communication with afirstinput of a transform
selector 329. An output of the transformer and quantizer
2 326 is connected in signal communication with a sec-
ond input of the transform selector 329. An output of the
transformer and quantizer n 327 is connected in signal
communication with a third input of the transform selector
329. An output of the transform selector 329 is connected
in signal communication with a first input of an entropy
coder 345 and a first input of an inverse transformer and
inverse quantizer 350. An output of the entropy coder
345is connected in signal communication with a firstnon-
inverting input of a combiner 390. An output of the com-
biner 390 is connected in signal communication with a
first input of an output buffer 335.

[0056] A first output of an encoder controller 305 is
connected in signal communication with a second input
of the frame ordering buffer 310, a second input of the
inverse transformer and inverse quantizer 350, an input
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of a picture-type decision module 315, a first input of a
macroblock-type (MB-type) decision module 320, a sec-
ond input of an intra prediction module 360, a second
input of a deblocking filter 365, a first input of a motion
compensator 370, a first input of a motion estimator 375,
and a second input of a reference picture buffer 380.
[0057] A second output of the encoder controller 305
is connected in signal communication with a first input of
a Supplemental Enhancement Information (SEI) inserter
330, a second input of the entropy coder 345, a second
input of the output buffer 335, and an input of the Se-
quence Parameter Set (SPS) and Picture Parameter Set
(PPS) inserter 340.

[0058] An output of the SEl inserter 330 is connected
in signal communication with a second non-inverting in-
put of the combiner 390.

[0059] Afirstoutputofthe picture-type decision module
315 is connected in signal communication with a third
input of the frame ordering buffer 310. A second output
of the picture-type decision module 315 is connected in
signal communication with a second input of a macrob-
lock-type decision module 320.

[0060] An output of the Sequence Parameter Set
(SPS) and Picture Parameter Set (PPS) inserter 340 is
connected in signal communication with a third non-in-
verting input of the combiner 390.

[0061] An output of the inverse quantizer and inverse
transformer 350 is connected in signal communication
with a first non-inverting input of a combiner 319. An out-
put of the combiner 319 is connected in signal commu-
nication with a first input of the intra prediction module
360 and a first input of the deblocking filter 365. An output
of the deblocking filter 365 is connected in signal com-
munication with a first input of a reference picture buffer
380. An output of the reference picture buffer 380 is con-
nected in signal communication with a second input of
the motion estimator 375 and a third input of the motion
compensator 370. A first output of the motion estimator
375 is connected in signal communication with a second
input of the motion compensator 370. A second output
of the motion estimator 375 is connected in signal com-
munication with a third input of the entropy coder 345.
[0062] An output of the motion compensator 370 is
connected in signal communication with a first input of a
switch 397. An output of the intra prediction module 360
is connected in signal communication with a second input
of the switch 397. An output of the macroblock-type de-
cision module 320 is connected in signal communication
with a third input of the switch 397. The third input of the
switch 397 determines whether or not the "data" input of
the switch (as compared to the control input, i.e., the third
input) is to be provided by the motion compensator 370
or the intra prediction module 360. The output of the
switch 397 is connected in signal communication with a
second non-inverting input of the combiner 319 and an
inverting input of the combiner 385.

[0063] Afirstinputof the frame ordering buffer 310 and
an input of the encoder controller 305 are available as
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inputs of the encoder 300, for receiving an input picture.
Moreover, a second input of the Supplemental Enhance-
ment Information (SEI) inserter 330 is available as an
input of the encoder 300, for receiving metadata. An out-
put of the output buffer 335 is available as an output of
the encoder 300, for outputting a bitstream.

[0064] In an embodiment, the video encoder 300 se-
lects the best transform from a set of n transforms and
sends the side information of the selected transform.
Then, the inverse transform is performed for the selected
transform (denoted by i). In this embodiment, the trans-
forms are derived offline and available at the encoder
and decoder. In an embodiment, the entropy coding per-
formed by the entropy coder 345 is changed/modified to
accommodate the additional information of what trans-
form is being used, and also because each transform
may require different entropy coding (different scanning
order, different contexts, and so forth).

[0065] Turning to FIG. 4, an exemplary video decoder
with transform selection is indicated generally by the ref-
erence numeral 400. The video decoder 400 includes an
input buffer 410 having an output connected in signal
communication with a first input of the entropy decoder
445. A first output of the entropy decoder 445 is connect-
ed in signal communication with a firstinput of an inverse
transformer and inverse quantizer i 450. An output of the
inverse transformer and inverse quantizer i 450 is con-
nected in signal communication with a second non-in-
verting input of acombiner 425. An output of the combiner
425 is connected in signal communication with a second
input of a deblocking filter 465 and a first input of an intra
prediction module 460. A second output of the deblocking
filter 465 is connected in signal communication with a
first input of a reference picture buffer 480. An output of
the reference picture buffer 480 is connected in signal
communication with a second input of a motion compen-
sator 470.

[0066] A second output of the entropy decoder 445 is
connected in signal communication with a third input of
the motion compensator 470 and a first input of the de-
blocking filter 465. A third output of the entropy decoder
445 is connected in signal communication with an input
of a decoder controller 405. A first output of the decoder
controller 405 is connected in signal communication with
a second input of the entropy decoder 445. A second
output of the decoder controller 405 is connected in signal
communication with a second input of the inverse trans-
former and inverse quantizer i 450. A third output of the
decoder controller 405 is connected in signal communi-
cation with a third input of the deblocking filter 465. A
fourth output of the decoder controller 405 is connected
in signal communication with a second input of the intra
prediction module 460, a first input of the motion com-
pensator 470, and a second input of the reference picture
buffer 480.

[0067] An output of the motion compensator 470 is
connected in signal communication with a first input of a
switch 497. An output of the intra prediction module 460
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is connected in signal communication with a second input
of the switch 497. An output of the switch 497 is connect-
ed in signal communication with a first non-inverting input
of the combiner 425.

[0068] An input of the input buffer 410 is available as
an input of the decoder 400, for receiving an input bit-
stream. A first output of the deblocking filter 465 is avail-
able as an output of the decoder 400, for outputting an
output picture.

[0069] Techniques exist to derive an optimal set of
transforms when the data to be encoded is available or
there is an adequate training data set. For instance, a
training set of several sequences can be available and
these techniques can provide a set of transforms that
partition the data space such that each transform is the
best for its part of the data. Then, given a block, the en-
coder has to determine the type of data the block belongs
to and use the adequate transform. These techniques to
derive a set of transforms can be based on the common
KLT, on a sparsity objective function, and/or techniques
as known or readily derived by those of ordinary skill in
this and related arts. Presuming that we have such tech-
niques available, we now address how to use the set of
transforms in an efficient way, that is, how to select the
best transform and how to convey information from the
encoder to the decoder efficiently.

Determining the set of transforms

[0070] We now explain how to determine the set of
transforms that are used.

[0071] In one embodiment, the set of transforms is de-
rived offline employing a set of sequences as a training
data. As mentioned, KLT-based, sparsity-based, energy-
compaction or other methods can be used to derive the
set of transforms once a good training set is established.
[0072] There are methods to derive transforms based
on a priori design criterion (directionality, frequency, etc)
on the set of transforms. Also, the fourth prior art ap-
proach mentioned above proposes an off-line optimiza-
tion based on training data with an algebraic optimization
process. The process is driven by a cost function aiming
to obtain a suited set of transforms for the given data.
The cost function consists of two terms consistent with
compression purposes. The algorithm attempts to mini-
mize areconstruction error term, while maximizing a term
related to the sparsity of the transform coefficients rep-
resentation. In principle, more sparsity means less bit-
rate to convey the coefficients’ information. We also pro-
pose an approach that solves at least two deficiencies
of the above referenced prior art approach. First, we ex-
plicitly provide a weight to balance both terms of the cost
function. Second and more important, we propose to de-
rive optimal vertical and horizontal transforms instead of
single 2-D non-separable transforms. While our ap-
proach couples the joint optimization of both directions,
the advantages are important for practical applications
in that the computational complexity and memory re-
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quirements for a set of separable transforms are much
lower than the requirements for a set of non-separable
transforms. At the same time, allowing the transforms in
the vertical and horizontal directions to be different per-
mits the capture of the richness ofimage and video blocks
better than having a single kernel for both directions.
[0073] Note that when we say ’set of transforms’ each
of these transforms may be non-separable or separable.
If they are separable, each direction (vertical/horizontal)
may be equal or different.

[0074] In another embodiment, a subset of a family of
transforms can be selected, so that the subset has good
properties in order to encode the input data. As an ex-
ample, a subset of the WDCT could be determined for
the video data to encode. Also, a subset of the lapped
transforms could be determined. Once the subset is
fixed, the encoder only needs to convey the information
of what transform within the family subset is used.
[0075] In another embodiment, the subset of trans-
forms is selected according to the quality of the recon-
structed video. The quality of the output can be deter-
mined by the quantization step of the encoder, the quan-
tization parameter (QP), the goal bit-rate, the PSNR,
and/or any parameter of metric that indicates the desired
output video quality.

[0076] In another embodiment, the set of transforms
is derived online from the data already being encoded.
Two exemplary implementations of this embodiment are
provided as follows. In one exemplary implementation,
reconstructed data of previous frames is used as a train-
ing set to derive the set of transforms with any of the
available methods. In another exemplary implementa-
tion, reconstructed data is used to refine the transform
thatis being used, so that the transform is updated online
to match the ongoing data statistics.

[0077] In another embodiment, the set of transforms
is derived from the data to be encoded. Such data to be
encoded includes, but is not limited to, the original frame
or statistics drawn fromthe next frames to encode. There-
fore, the encoder analyzes the sequence or the next part
of the sequence to encode and determines with any of
the available methods the best set of transforms to use
or selects the best family of transforms to use. In this
case, the encoder needs to send as side information the
set of transforms that are going to be used. Several ex-
emplary implementation of this embodiment are provided
as follows. In a first exemplary implementation, the en-
coder finds the best set of transforms and sends all the
transforms to use. In a second exemplary embodiment,
the encoder finds the best set of transforms to use, and
the decoder tries to deduce the best set from previous
decoded data, so that the encoder only needs to send a
refinement of the transform deducted by the decoder (so
that there is no error or mismatch between the encoder
and decoder). In a third exemplary implementation, the
encoder selects from a variety of sets of transforms (avail-
able at both the encoder and decoder) the best set to
use, and signals the particular set to the decoder. In a
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fourth implementation, the encoder finds the particular
set of transforms from a family of transforms that is best
suited for the data. Then, the encoder conveys to the
decoder the particular subset of the family of transforms
that has been selected.

Conveying the selected transform

[0078] We now describe how to indicate the selected
transform to the decoder so that the encoder and decoder
match.

[0079] In one embodiment, the encoder can send the
selected transform to the decoder with a flag included in
the syntax at the slice, macroblock, or block level. In one
embodiment, at the encoder, the best transform for each
block is determined with a rate-distortion cost function.
[0080] In another embodiment, the selected transform
can be conveyed with a quad-tree or other types of trees
that allow specifying explicitly and flexibly the selected
transform for different regions in the frame. In this way,
the region of a transform can be more arbitrary than the
simple block shape of the previous embodiment.
[0081] In another embodiment, the selected transform
can be sent by hiding the flag (that indicates which trans-
form is to be used) within the transforms coefficients
themselves. A possible embodiment of this alternative is
explained in the following. Presume that there are only
two transforms in the set of transforms. Then, if transform
1 is selected, then the encoder enforces the sum of the
transform coefficients to be even. If transform 2 is select-
ed, then the encoder enforces the sum of the transform
coefficients to be odd. At the decoder, the transform co-
efficients are recovered and the parity of their sum com-
puted. If the parity is even, then the inverse transform to
apply is that of transform 1. If the parity is odd, then the
inverse transform to apply is that of transform 2. In this
way, the flag can be hidden in the transform coefficients
and it is recoverable at the decoder side so both the en-
coder and decoder are in synchrony. Obviously, hiding
the flag in the coefficients is not limited to having two
transforms. Such technique can be straightforward ex-
tended to any number of transforms.

[0082] In another embodiment, the explicitinformation
of the selected transform is not sent. In this case, it can
be deduced from the data already decoded. This infor-
mation has to be available at both the encoder and de-
coder and the way to extract the selected transform from
the data has to be the same in both so they are in syn-
chrony. There is a variety of information from which the
transform can be selected. In the following, 5 particular
embodiments of this implicit signaling are provided. Of
course, the present principles are not limited to the fol-
lowing embodiments relating to implicit signaling and,
given the teachings of the present principles provided
herein, one of ordinary skill in this and related arts will
contemplate these and other implementations, while
maintaining the spirit of the present principles.

[0083] In afirstembodiment, the inter prediction mode
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employed is used to implicitly signal the transform(s). In
one implementation of this embodiment, if it is a direct
mode, transform 1 is used. Otherwise, transform 2 is
used.

[0084] In a second embodiment, the motion vector is
used to implicitly signal the transform(s). The transform
to be used can depend on the motion vector of the block
(its size, direction, reference picture, and so forth).
[0085] In a third embodiment, the transform depends
on the residue of previous encoded blocks. Then, the
statistics of the residue of the previous encoded blocks
determines what transform within the set is used.
[0086] In a fourth embodiment, the transform choice
depends on the predicted data for the block. There is
some correlation between the residue and the predicted
data that can be exploited in the choice of the best trans-
form. As an example, if the prediction has a directional
component, then this directionality is usually also evident
in the residue. Then, the use of a directional transform
for that given direction gives a better performance be-
cause directional transforms can take advantage of the
directional component of the residue in a way that non-
directional transforms can not.

[0087] In afifth embodiment, the transform choice can
be dependent on the transform selections of the neigh-
boring reconstructed blocks, which are available at both
the encoder and decoder.

The System

[0088] The present principles may be considered to
involve two parts, namely how to select the set of trans-
forms and how to convey the selected transform within
the set for each particular block. Several alternatives are
proposed for each of these two parts. The proposed ap-
proaches can combine any of the proposed alternatives
for each of the parts. Also, note that each transform may
need its particular quantization process, as well as a dif-
ferent scanning order of the coefficients prior to entropy
encoding. Also, each scanning order may be done adap-
tive to the statistics of each transform. In one embodi-
ment, the scanning order of each transform can be adap-
tive to the number of times a particular coefficient position
has been previously encoded as significant. The present
principles consider the following extensions of the trans-
form: quantization process of the transform; scanning or-
der of the transform; and potential adaptivity of this scan-
ning order.

[0089] Turning to FIG. 5, an exemplary method for
transform selection in a video encoder is indicated gen-
erally by the reference numeral 500. The method 500
includes a start block 505 that passes control to a function
block 510. The function block 510 receives a video se-
quence for encoding, commences encoding the video
sequence, and passes control to a function block 515.
The function block 515 determines one or more of training
data, one or more sets of transforms with each set rep-
resenting a respective family of transforms, data already
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encoded, and data to be encoded, and passes control to
a function block 520. The function block 520 selects a
transform i depending on one or more of the training data,
one or more subsets of transforms with each subset rep-
resenting a respective portion of a family of transforms,
the data already encoded, and the data to be encoded,
and passes control to a function block 525. The function
block 525 transforms using selected transform i and
quantizes block residue data for a block in a picture of
the video sequence, and passes control to a function
block 530. The function block 530 outputs quantized co-
efficients, and passes control to an end block 599.
[0090] It is to be appreciated that one or more of the
training data and the one or more sets of transforms may
be determined on-line (i.e., during the encoding of the
video sequence) or off-line (e.g., prior to encoding the
video sequence).

[0091] Turning to FIG. 6, an exemplary method for
transform selection in a video decoder is indicated gen-
erally by the reference numeral 600. The method 600
includes a start block 605 that passes control to afunction
block 610. The function block 610 receives a bitstream
for decoding, commences decoding the bitstream, and
passes control to afunction block 615. The function block
615 determines one or more of training data, one or more
sets of transforms with each set representing a respec-
tive family of transforms, data already decoded, and data
to be decoded, and passes control to a function block
620. The function block 620 selects atransform i depend-
ing on one or more of the training data, one or more sub-
sets of transforms with each subset representing a re-
spective portion of afamily of transforms, the data already
decoded, and the datato be decoded, and passes control
to a function block 625. The function block 625 inverse
transforms and inverse quantizes quantized coefficients
for a block in a picture of the video sequence using se-
lected transform i, and passes control to a function block
630. The function block 630 outputs block residue data,
and passes control to an end block 699.

[0092] It is to be appreciated that one or more of the
training data and the one or more sets of transforms may
be determined on-line (i.e., during the decoding of the
video sequence) or off-line (e.g., prior to decoding the
video sequence).

[0093] Turning to FIG. 7, an exemplary method for
transform selection and conveyance in a video encoder
is indicated generally by the reference numeral 700. The
method 700 includes a start block 705 that passes control
to a function block 710. The function block 710 receives
aninputframe for encoding, and passes control to a func-
tion block 715. The function block 715 trains one or more
sets of transforms, and passes control to a function block
765 and a loop limit block 720. The function block 765
outputs the set of transforms to be used in the frame, and
passes control to a function block 770. The loop limit
block 720 performs a loop over the blocks over the input
frame, and passes control to a function block 725. The
function block 725 gets the block residue, and passes

10

15

20

25

30

35

40

45

50

55

10

control to a loop limit block 730. The loop limit block 730
performs a loop over the one or more sets of transforms,
and passes control to a function block 735. The function
block 735 performs a rate distortion analysis with respect
to the transforms in the one or more sets of transforms,
and passes control to a loop limit block 740. The loop
limit block 740 ends the loop over the transforms, and
passes control to a function block 745. The function block
745 determines the best transform for the current block,
and passes control to a loop limit block 750. The loop
limit block 750 ends the loop over the blocks, and passes
control to a function block 755 and a function block 760.
The function block 755 outputs quantized coefficients for
each of the blocks, and passes control to a function block
770. The function block 760 outputs the selected trans-
form for each block, and passes control to the function
block 770. The function block 770 transmits the quantized
coefficients, the set of transforms to be used in the frame
(or a refinement on the set) and the selected transform
for each block in the frame, with the set of transforms to
be used in the frame (or the refinement on the set) and/or
the selected transform for each block in the frame being
transmitted either explicitly or implicitly, and passes con-
trol to an end block 799. It is to be appreciated that with
respect to function block 770, in the case of the set of
transforms to be used in the frame (or the refinement on
the set) and/or the selected transform for each block in
the frame being sent implicitly, information indicating the
set of transforms to be used in the frame (or the refine-
ment on the set) and/or the selected transform for each
block in the frame may be sent in place of the actual
transforms. In such a case, the decoder can then derive
the transforms from the implicit information. Moreover,
the set of transforms to be used in the frame (or the re-
finement on the set), the selected transform for each
block in the frame, and/or information representing at
least one of the preceding may be sent as side informa-
tion with respect to a bitstream. Further, the set of trans-
forms to be used in the frame (or the refinement on the
set), the selected transform for each block in the frame,
and/or information representing at least one of the pre-
ceding may be sentusing one or more flags and/or syntax
elements.

[0094] Turning to FIG. 8, an exemplary method for
transform conveyance and selection in a video decoder
is indicated generally by the reference numeral 800. The
method 800 includes a start block 805 that passes control
to a function block 810, a function block 815, and a func-
tion block 820. The function block 810 receives, either
explicitly or implicitly, a set of transforms to be used for
a current frame to be decoded or a refinement on the set,
and passes control to a function block 830. The function
block 815 receives quantized coefficients for each block
in the current frame, and passes control to a loop limit
block 825. The function block 820 receives, either explic-
itly or implicitly, the selected transform for each block in
the current frame, and passes control to the function
block 830. The loop limit block 825 performs a loop over
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the blocks in the current frame, and passes control to the
function block 830. The function block 830 determines
the inverse transform for a current block, and passes
control to a function block 835. The function block 835
applies the determined inverse transform for the block,
and passes control to a loop limit block 840. The loop
limit block 840 ends the loop, and passes control to a
function block 845. The function block 845 outputs a block
residue for each of the blocks, and passes control to an
end block 899.

[0095] Itis to be appreciated that with respect to func-
tion blocks 810 and 820, in the case of the set of trans-
forms to be used in the frame (or the refinement on the
set) and/or the selected transform for each block in the
frame being sent implicitly, information indicating the set
of transforms to be used in the frame (or the refinement
on the set) and/or the selected transform for each block
in the frame may be received in place of the actual trans-
forms. In such a case, the decoder can then derive the
transforms from the implicit information (e.g., by function
block 830). Moreover, the set of transforms to be used
in the frame (or the refinement on the set), the selected
transform for each block in the frame, and/or information
representing at least one of the preceding may be re-
ceived as side information with respect to the bitstream.
[0096] Turning to FIG. 9, another exemplary method
for transform selection and conveyance in a video en-
coder is indicated generally by the reference numeral
900. The method 900 includes a start block 905 that pass-
es control to a function block 910. The function block 910
inputs a frame to be encoded, and passes control to a
function block 915. The function block 915 trains one or
more sets of transforms, and passes control to a function
block 970 and a loop limit block 920. The loop limit block
920 performs a loop over the blocks in the frame, and
passes control to afunction block 925. The function block
925 gets a block residue for a current block, and passes
control to a loop limit block 930. The loop limit block 930
performs a loop over the one or more sets of transforms,
and passes control to a function block 935. The function
block 935 transforms and quantizes coefficients for the
current block, and passes control to a function block 940.
The function block 940 embeds a flag in the coefficients,
and passes control to a function block 945. The function
block 945 performs a rate-distortion (RD) analysis, and
passes control to a loop limit block 950. The loop limit
block 950 ends the loop over the transforms, and passes
control to a function block 955. The function block 955
determines the best transform for the current block, and
passes control to a function block 960. The function 960
outputs quantized coefficients for each of the blocks, and
passes control to a loop limit block 965. The loop limit
block ends the loop over the blocks, and passes control
to an end block 999.

[0097] Turning to FIG. 10, another exemplary method
for transform conveyance and selection in a video de-
coder is indicated generally by the reference numeral
1000. The method 1000 includes a start block 1005 that
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passes control to a function block 1010 and a loop limit
block 1015. The function block 1010 receives, either ex-
plicitly or implicitly, a set of transforms to be used for a
current frame to be decoded, and passes control to a
function block 1030. The loop limit block 1015 performs
a loop over the blocks in the current frame, and passes
control to a function block 1020. The, function block 1020
receives quantized coefficients for each of the blocks in
the current frame and passes control to a function block
1025. The function block 1025 extracts an embedded
flag(s) from the coefficients, and passes control to the
function block 1030. The function block 1030 determines
an inverse transform to apply to the current block based
on the embedded flag(s), and passes control to a function
block 1035. The function block 1035 inverse transforms
the block using the determined inverse transform, and
passes control to a function block 1040. The function
block 1040 outputs a block residue, and passes control
to a loop limit block 1045. The loop limit block 1045 ends
the loop, and passes control to an end block 1099.
[0098] A description will now be given of some of the
many attendant advantages/features of the present in-
vention, some of which have been mentioned above. For
example, one advantage/feature is an apparatus having
a video encoder for encoding at least a block in a picture
by selecting a transform to apply to a residue of the block
from a set of two or more available transforms. The trans-
form is selected based on at least one of an inter predic-
tion mode used to predict at least one reference for the
block, one or more values corresponding to a motion vec-
tor, a value of a residue of one or more previously en-
coded blocks, a value of prediction data for the block,
one or more transform selections of one or more neigh-
boring reconstructed blocks, and a quantization step ap-
plied to transform coefficients for the residue of the block.
[0099] Another advantage/feature is the apparatus
having the encoder as described above, wherein the set
of transforms is determined off-line.

[0100] Yetanotheradvantage/feature isthe apparatus
having the encoder wherein the set of transforms is de-
termined off-line as described above, wherein the set of
transforms is determined at least one of using training
data and by choosing a subset of a family of transforms.
[0101] A further advantage/feature is the apparatus
having the encoder as described above, wherein the
transforms in the set are any of separable or non-sepa-
rable, and horizontal and vertical directions of the trans-
forms are capable of being different when the transforms
are separable.

[0102] Still another advantage/feature is an apparatus
having a video encoder for encoding at least a block in
a picture by selecting a transform to apply to a residue
of the block from a set of two or more available trans-
forms. The video encoder sends information describing
the selected transform by at least one of sending the
information explicitly using one or more flags, sending
the information using a tree structure in a bitstream, em-
bedding the information within transform coefficients cor-
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responding to the selected transform, and allowing a cor-
responding decoder to infer the selected transform from
already decoded data.

[0103] Moreover, another advantage/feature is the ap-
paratus having the video encoder as described above,
wherein the set of transforms is determined at least one
of using training data and by choosing a subset of a family
of transforms.

[0104] Further, another advantage/feature is an appa-
ratus having a video encoder for encoding at least a block
in a picture in a video sequence by selecting a transform
to apply to a residue of the block from a set of two or
more available transforms. The set of transforms is at
least one of determined and refined using reconstructed
data from one or more previous pictures in the video se-
quence.

[0105] Also, another advantage/feature is an appara-
tus having a video encoder for encoding at least a block
in a picture by selecting a transform to apply to a residue
of the block from a set of two or more available trans-
forms. The set of transforms is determined from data to
be encoded for the block.

[0106] Additionally, another advantage/feature is the
apparatus having the video encoder as described above,
wherein the video encoder determines the set of trans-
forms and sends the set of transforms to a corresponding
decoder as side information.

[0107] Moreover, another advantage/feature is the ap-
paratus having the video encoder as described above,
wherein the video encoder determines the set of trans-
forms, determines a refinement on the set of transforms
that allows a corresponding decoder to predict the set of
transforms from the refinement and from previously de-
coded data in order to derive a same set of transforms
as said video encoder, and sends the refinement to the
corresponding decoder.

[0108] Further, another advantage/feature is the ap-
paratus having the video encoder as described above,
wherein the video encoder determines the set of trans-
forms from a plurality of sets of transforms and sends the
set of transforms as side information.

[0109] Also, another advantage/feature is the appara-
tus having the video encoder as described above, where-
in the video encoder determines the set of transforms
from a family of transforms, the set of transforms repre-
senting a subset of the family of transforms, and wherein
the video encoder sends only the subset of the family of
transforms.

[0110] 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 proc-
essors, or combinations thereof.

[0111] Most preferably, the teachings of the present
principles are implemented as a combination of hardware
and software. Moreover, the software may be implement-
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ed 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 imple-
mented on a computer platform having hardware such
as one or more central processing units ("CPU"), a ran-
dom access memory ("RAM"), and input/output ("l/O")
interfaces. The computer platform may also include an
operating system and microinstruction code. The various
processes 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 ex-
ecuted by a CPU. In addition, various other peripheral
units may be connected to the computer platform such
as an additional data storage unit and a printing unit.
[0112] Itisto befurtherunderstoodthat, because some
of the constituent system components and methods de-
picted in the accompanying drawings are preferably im-
plemented in software, the actual connections between
the system components or the process function blocks
may differ depending upon the manner in which the
present principles are programmed. Given the teachings
herein, one of ordinary skill in the pertinent art will be able
to contemplate these and similarimplementations or con-
figurations of the present principles.

[0113] Although the illustrative embodiments have
been described herein with reference to the accompany-
ing drawings, it is to be understood that the present prin-
ciples is not limited to those precise embodiments, and
that various changes and modifications may be effected
therein by one of ordinary skill in the pertinent art without
departing from the scope or spirit of the present princi-
ples. All such changes and modifications are intended to
be included within the scope of the present principles as
set forth in the appended claims.

Claims
1. An apparatus, comprising:

a video encoder for encoding at least a block in
a picture by selecting a transform to apply to a
residue of the block from a set of two or more
transforms,

wherein the transform is selected responsive to
an inter prediction mode used to predict at least
one reference for the block.

2. The apparatus of claim 1, wherein the set of two or
more transforms is derived from reconstructed video
data from one or more previous pictures.

3. The apparatus of claim 2, wherein the set of trans-
forms is determined by at least one of:

(i) using training data, and
(i) choosing a subset of a family of transforms.



10.

1.

12.

13.

14.
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The apparatus of claim 1, wherein the transforms in
the set are any of separable or non-separable, and
horizontal and vertical directions of the transforms
are capable of being different when the transforms
are separable.

The apparatus of claim 1, wherein information de-
scribing the selected transform is explicitly signaled
only for block sizes greater than a threshold block
size.

The apparatus of claim 1, wherein a flag describing
the selected transform is embedded in coefficients
of the transform when block sizes are less than a
threshold block size.

In a video encoder, a method, comprising:

encoding atleastablock in a picture by selecting
a transform to apply to a residue of the block
from a set of two or more transforms,

wherein the transform is selected responsive to
an inter prediction mode used to predict at least
one reference for the block.

The method of claim 7, wherein the set of two or
more transforms is derived from reconstructed video
data from one or more previous pictures.

The method of claim 8, wherein the set of transforms
is determined by at least one of:

(i) using training data, and
(ii) choosing a subset of a family of transforms.

The method of claim 7, wherein the transforms in the
set are any of separable or non-separable, and hor-
izontal and vertical directions of the transforms are
capable of being different when the transforms are
separable.

The method of claim 7, wherein information describ-
ing the selected transform is explicitly signaled only
for block sizes greater than a threshold block size.

The method of claim 7, wherein a flag describing the
selected transform is embedded in coefficients of the
transform when block sizes are less than a threshold
block size.

The apparatus of claim 7, wherein information de-
scribing the selected transform is explicitly signaled
only for block sizes greater than a threshold block
size.

The apparatus of claim 7, wherein a flag describing
the selected transform is embedded in coefficients
of the transform when block sizes are less than a
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threshold block size.

15. An apparatus, comprising:

a video decoder for decoding at least a block in
a picture by determining an inverse transform to
apply to quantized coefficients of the block from
a set of two or more inverse transforms,

wherein the inverse transform is determined re-
sponsive to aninter prediction mode used to pre-
dict at least one reference for the block.

16. In a video decoder, a method, comprising:

decoding at least a block in a picture by deter-
mining an inverse transform to apply to quan-
tized coefficients of the block from a set of two
or more inverse transforms,

wherein the inverse transform is determined re-
sponsive to aninter prediction mode used to pre-
dict at least one reference for the block.

17. A storage media having video signal data encoded

thereupon, comprising:

data corresponding to at least one block in a
picture encoded by selecting a transform to ap-
ply to a residue of the block from a set of two or
more transforms,

wherein the transform is selected responsive to
an inter prediction mode used to predict at least
one reference for the block.
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