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POOCLS OF TRANSFORMS FOR LOCAL SELECTION OF A SET OF
TRANSFORMS IN VIDEO CODING

FIELD OF THE INVENTION

The present principles relate to video compression and more particularly to
performing video coding and decoding with block transforms.

BACKGROUND OF THE INVENTION

Many attempts have been already performed to improve the transforms of block-based

codecs. They can be classified into two categories.

A first category is a change of the transform itself. The most sophisticated methods
use learning of the transform on real content.

A second category is putting several transforms into competition at the local level, say
at a block level.

The combination of both types of transform changes has led to so-called “multiple
adaptive transforms” schemes. An exira syntax may be needed to identify which of the muitiple
fransforms is o be used by the block.

Despite the cost of the additional syntax, the local flexibility of the choice of the
transform has turned out to have a positive effect on the compression scheme.

In the prior art, the balance of 1) increasing the number of transforms to better adapt
to the local statistics of the content and 2) keeping the extra transform signaling syntax as fow
as possibie has been hard to find. Of course, more transforms lead to betier adaptability but
to more signaling. It has been shown that adding a few adaptive transforms is beneficial in
{erm of compression performance. However, adding many transforms can decrease the
performance because the exira signaling destroys all the gain obtained from better

compression of the transformed coefficients.

SUMMARY OF THE INVENTION

These and other drawbacks and disadvantages of the prior art are addressed by the

present described embodiments, which are directed to a method and apparatus to improve
the balance between the number of fransforms and the cost of transform signaling.
According to an aspect of the described embodiments, there is provided a method for
encoding a block in a video image. The method comprises selecting a set of transforms from
a plurality of sets of transforms, wherein the set of {ransforms is associated with a first index,
selecting a transform from among a plurality of transforms comprising the selected set of
transforms, wherein the selected transform is associated with a second index, transforming at
least a block in a region of the video image into transform coefficients using the selected
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transform, and encoding the transformed coefficients along with the first index and the second
index into a bitstream.

According to another aspect of the described embodiments, there is provided a method
for decoding a block in a video image. The method comprises decoding a video bitstream to
generate a first index and a second index, selecting a set of transforms associated with the
first index from a plurality of sets of transforms {o be used for decoding blocks within a region
of a video image, selecting a transform associated with the second index from among a
plurality of transforms comprising the selected set of transforms, to use in decoding a block in
the region of the video image, and inverse transforming coefficients of at least a block in the
region of the video image using the selected transform.

According to another aspect of the described embodiments, there is provided an
apparatus. The apparatus comprises a memory and a processor, which can be configured
to perform any aspect of the aforementioned methods for encoding and decoding a block in a
video image.

According to another aspect of the described embodiments, there is provided a non-
transitory computer readable medium containing data content generated according to any of
the encoding embodiments.

According to another aspect of the described embodiments, there is provided a signal
comprising video data generated according to any of the encoding embodiments.

According to another aspect of the described embodiments, there is provided a
computer program product comprising instructions which, when the program is executed by a
computer, cause the computer to carry out any of the encoding embodiments.

These and other aspects, features and advantages of the present principles will become
apparent from the following detailed description of exemplary embodiments, which is to be read
in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a illustrates general block-coding engine as used in many standard block-
based codecs.

Figure 1b shows an example HEVC coder in which the present embodiments can be
implemented.

Figure 1c shows an example HEVC decoder in which the present embodiments can
be implemented.

Figure 2 illustrates a block diagram for the encoding method of the proposed
embodiments, that uses a pool of sets of {ransforms.

Figure 3 illustrates a block diagram illustrating a typical offline transform learning
scheme.
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Figure 4 ilustrates one of the possible usage of adapted transforms and quantifier in
real time encoding.

Figure 5 shows another embodiment of a method for implementing adaptive
fransforms.

Figure 6 shows a further embodiment of a method for implementing adaptive
transforms using the described methods.

Figure 7 shows a diagram of frames at staggered times as in one embodiment of the
described methods.

Figure 8 shows one embodiment of a method for encoding a block in a video image
using the general aspects described herein.

Figure 9 shows one embodiment of a method for decoding a block in a video image
using the general aspects described herein.

Figure 10 shows one embodiment of an apparatus for encoding or decoding a block in
a video image using the general aspects described herein.

DETAILED DESCRIPTION

Many block-based video and image codecs have been developed in the last decades
{MPEG2, h2864/AVC, HEVC, VP8, VP9, the future h2686, etc.) and most of them are based on
a similar block-coding engine as depicted in Error! Reference source not found..

The technical problem solved by the following described embodiments is to improve
the capability of transforms used in block-based codecs, to compact the information contained
in transformed coefficients such that the compression capability of the codec is increased, i.e.
the same quality for lower bit-rate.

The image is segmented in square or rectangular blocks, then atransform T (DCT, DST,
etc.) is applied fo the pixels of each block fo obtain fransformed coefficients. A quantizer Q
then quantizes the coefficients to obtain quantized coefficients which are encoded by an
entropy coder, such as VLC, arithmetic coder, CABAC, for example.

In order to improve the compression capability, a block can be predicted from already
encoded blocks to obtain a residual. This prediction can be performed from spatially
neighboring blocks (intra prediction) or a portion of a temporally different encoded frame (inter
prediction}. The information contained in the residual block is usually smaller than the
information in the original block, thus leading to better compression performance.

The choice of

« the prediction (intra vs. inter, direction)

¢ the block topology (position and size, usually driven by a quad-tree or a binary tree

with pruning)
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is driven by a Rate Distortion Optimization {RDO) which tfries {o minimize the coding cost
expressed as the sum
C=D+AR

where C is the cost, D is the distortion of the coded block compared to the original reference
block, and R is the rate (= the number of bits} needed to encode the mode. Usually, the
distortion D is expressed as a mean square difference between pixels and the rate R is a
composite, essentially comprised of the sum of

+ the rate Rc needed to encode the quantized coefficients by the entropy coder

+ the rate R; needed o encode the block topology and the prediction mode

Therefore, the RDO leads to an optimal topology in term of coding cost. The parameter
A drives the quality of the compression. For exireme values, A=0 put all the cost on the
distortion and leads to a lossless coding; on the other hand, A>>1 put all the cost on the rate
and leads to coding with very low bit rates. All in all, the quality, in term of distortion, of
compression increases as A decreases.

The described embodiments focus on the improvement of the fransform T to obtain
better coding performance compared to other coding schemes.

The embodiments describe a new scheme and syntax for deciding which transform {o
be used in a block. The main approach is to spiit the transform signaling syntax in two levels
as follows:

. select at a region level, from a pool of sets of transforms, which set of
transforms to be used for this region
. decide at a local area level, from the selected set of transforms, which
transform to be used for one or a group of blocks. It is understood that one region can
contain several local areas.
Such an approach is advantageous because it allows maintaining the usage of many
fransforms to keep high adaptability to the content, while at the same time reducing the
transform signaling by putting a common part of the signaling into a region level.

One embadiment of the encoding method of the described embodiments is as depicted
in Figure 2. The choice of the transforms from the pool is performed in an RDO loop that adds
a dedicated syntax to the bitstream. As shown in the block diagram in Figure 2, a video signal
is first split into regions where each region is further spiit into blocks or sub-regions. For a
region, a first element P, (i.e. a set of transforms) is selected from the pool of sets of

transforms. Then, for each block inside the region, a second element (i.e. fransform from a set
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of transforms) Tji is selected from the above selected first element P;. This second element

{transform) is then used to transform the block into coefficients. These coefficients are
quantized to obtain quantized coefficients that are then coded in the bit-stream together with
the index identifying the second element at decoder. The cost of encoding all the blocks inside
the region is accumulated. Finally, an index identifying the first element i.e. pool index is coded
in the bit-stream and the overall cost is updated.

At the region level, a set of transform P, with minimum coding cost is selected {o
encode that region. The coded regions can be used for predicting the next regions stil {o be
coded in a picture.

The study of efficient transforms for image and video coding has always been an active
research area. Many sophisticated approaches have been developed in the past and can be
categorized into two main approaches.

One approach uses systematic transforms, i.e., already known transforms, {o achieve
better compression. Some recent work involves use of mulliple systematic transforms
obtained from the family of sinusoidal transforms, namely, DCT-lI, DCT-V, DCT-VII, DST-I,
DST-VIII, for example, in an adaptive way to compress the video signal.

Another approach involves learning offline a dictionary of transforms on a large training
set which is then made available on both an encoder and a decoder of a video codec. Many
different learning approaches have been proposed in the literature. A typical learning scheme
is shown in Figure 3 and is described below:

Let ¢ (where j = 1...J) be the | residual in a training set. Each of the residuals can be
transformed using K different transforms T« (where k = 1...K). These transforms can either be
initialized by randomiy splitting the fraining set into K different classes and then, learning a

ey Loave Tra 2 {KLTY on each of these classes or be initialized with a set of

oriented DCT-like separable transforms.

The algorithm is split into two parts: a classification of the residual biocks, and a
generation of a new set of transforms. The first step classifies the residual blocks into K
different classes (S4...S«) based on the equation below which shows the Rate-Distortion (R-
D) cost of coding a residual block r using a transform T and further labels the residual with

the transform index that provides minimum R-D cost.

R-D Cost Cp = |/ — #||* + Allgcllo

label {r} = argmin(j,
K

where, # = T,Q7Y(¢,) is the reconstructed residual obtained after inverse quantization Q!
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and inverse fransformation Tk of the quantized coefficient block &,.

In the second step, a new transform 7, is obtained for each class k using
minimization of the reconstruction error for that class and is obtained by solving the equation
below.

: 02
Ty = argmin z r/ - H«:I{,“2 s.t. H'H=1, ke{l,..,K}
H JESk

Typically, Singular Value Decomposition (SVD) is used to generate an orthogonal set of
transforms. The above two steps are iterated until convergence of the solution or a stop
criterion is reached. As seen in the block diagram in Figure 3, the input to the system is a
training set consisting of large collections of residuals along with some initial set of transforms
(T, ...Ty). The system outputs a set of learned transforms (T ... T};) after the iterative fearning
scheme.

Next, different methods {o generate a set of transforms are briefly described. Given a
training set, a setf of K transforms can be generated using an offline learning scheme. However,
an un-biased training set is constructed by extracting residuals from different video sequences
that are diverse in terms of their content, resolution, bit-depth or other factors. Therefore, the
transforms learned on this general training set are not biased towards a particular content type
or resolution type and are generic.

Also, another approach is to split the training set into multiple smaller training sets
where the residuals in each of the training set are exiracted from video sequences or images
that are highly correlated to each other. An example is illustrated in Figure 4 where a coliection
of sequences taken from Rolland Garros, ice hockey and a forest are taken to generate three
separate training sets. Each fraining set is used to generate a set of transforms. These sels
are finally pooled together {o be used for real-time encoding.

For real-time encoding, a picture inside a video sequence is split into mutltiple regions
where each region uses a set of {ransforms from a pool of more than one sets of transforms
learned on different sequences. Within each region, each block, obtained through a typical
tree-based spliting, is coded using a single transform from the set of transforms chosen for
that region.

One may perform a brute-force test on each region by testing every set of transforms
in the pool on a region and then, select the set that provides minimum R-D cost. Therefore, at
region level, an index is coded to signal the choice of the set of transforms from the pool of
sets of transforms. Within the region, at a more local level, such as a block or a group of blocks,
for example, another index is coded to signal the choice of transform within the set that is used

to code at that local level.
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In an exemplary encoding embodiment, a pool of sets of transforms is computed offline
using methods described in the previous sections and is made available at both encoder and

decoder sides of a video codec. The following steps are performed by the encoder:

1} A video picture is split into regions which are fed to the encoder along with the pool of sets
of transforms P; where { €[0;N-1] where N is the total number of sets of transforms within a

pool

2) For each region,
a. aset of transforms P is selected from the sets of transforms.
b. For each block (or group of blocks), obtained using tree-based splitting, within a
region:
i. atransform Tji , where je[0;K-1] and K is the number of transforms in the

selected set of transforms P, is chosen from the above selected set of
transforms P
ii. for each transform and block:
1. a prediction {intra or inter) is performed from already reconstructed
samples
2. a residual block is obtained by computing pixel-wise difference
between the original block and the predicted block

3. the residual block is transformed into coefficients using Tj"

4. the coefficients are quantized using a quantizer Q 1o generate
quantized coefficients

5. the bit-rate of quantized coefficients is estimated using a virtual
entropy coder (like CABAC or context-free coder)

6. the bit-rate of the index, identifying the transform used for this block,
is estimated

7. the estimated rate R, as the number of bits required to code the
quantized coefficients and the index, is estimated

8. inverse quantization and inverse transform are applied o the
quantized coefficients to generate the reconstructed residual block

g. the prediction is added to generate reconstructed block

10. distortion D is computed as a8 mean square error between the
original block and the reconstructed block

11.the cost C,, = D + AR is estimated for coding the current block
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iii. Repeat step (i) for each transform Tj" within the set of transforms P; and

choose the transform with minimum R-D Cost Cy,
¢. Repeat step (b) for each block (or group of blocks) m and sum up the cost C,, of
coding all the blocks in a region to get cost C per region
d. estimating the bit-rate of the index identifying the set of transforms P; in the sets of
transforms used in this region.
e. Repeat from step (2) for each set of transforms P; within sets of transforms and

choose the set of transforms with minimum R-D Cost C
3} Encode the region with the determined P; and Tj"

For decoding, the following steps can be performed:

1) Obtain from the bit-stream a first index identifying the set of fransforms P;, from the

sets of transforms, for a region to be decoded

2) Within said region, for each block (or group of blocks},
a. Decoding the quantized coefficients

b. Decoding a second index identifying the transform Tj" in the above selected

set of transforms
¢. Inverse quantizing and inverse transforming said quantized coefficients to
obtain the residual block
d. Computing the prediction block from the already reconstructed regions
e. Adding prediction block to the residual block {o generate the reconstructed
block
3) Repeat (2) for each block (or group of blocks)
4) Repeat (1) for each region

There are additional embodiments that can be implemented, such as a method for
encoding a picture characterized in that the method comprises, for at least a first set of blocks,
first, selecting an element from a superset (or group or pool) of second sets of at least two
transforms. Then, selecting a transform, for at least fwo subsets of the first sef, from the
selected second set of at least two transforms and transforming at least one block, for each of
the at least two subsets, into coefficients using the selected transform. Finally, encode, into
at least one bitstream, at least an index identifying the selected element, indexes identifying

the selected transforms, and the coefficients.
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Additional embodiments can have the following characteristics. A block can be a
picture block or residual block. A set of blocks, subsets of blocks are determined using trees,
such as quadtrees, or binary trees. In addition, subsets of blocks can be children of the set
of blocks in the tree structure. Also, as a set of transforms, the set can be defined as the
largest coding unit (LCU) or equivalently as Coding Tree Unit (CTU). A subset can be defined
as a Transform Unit (TU) or Coding Unit (CU} or as any child node in the tree.

In an embodiment, a default pool of transforms is defined and always activated. The
default pool is then complemented by sub-pools, that can be adaptively selected. The
selection can be typically made at the picture, slice, CTU, or CU level.

The simplified syntax decoding process for this embodiment is iliustrated in the flow
chart below. A default pool is defined and is systematically used for coding the considered unit
to be coded, the unit being, for example, a CTU, a CU, or a slice. From the start of the process,
a first step “identification of complementary pool” identifies the index of the complementary
poot {0 be used for the considered unit to be coded. Then a second step identifies the index
of the transform to be used among the set of fransforms made of the transforms of the defauit
pool, and of the transform of the selected complementary pool. This provides a fransform
index for the transform to be applied to the considered unit. The transform selection process
ends after this step. This concept can be generalized to more than two levels of pools.

In another embodiment, the complementary pool is signaled at a higher syntax level,
such as at the SPS or slice level, than the considered unit. For instance, the complementary
poot signaling is made at the SPS level, and the transform signaling is done at the considered
unit level.

The concept can also be generalized to more than two levels of pools. An example is
given below. Compared {o the previous embodiment, one additional step of identification of
the set of complementary pools is inserted as a first step of the transform selection process.
This step in this example applies at the SPS or PPS {evel. The second step of selecting the
complementary pool among the selected set of complementary pools is done at the slice level.
And the third step of selecting the transform among the default pool and a selected
complementary pool is done at the considered unit level, such as the CTU or the CU level.

According to a further embodiment, a separate set of candidate pools of transforms is
considered for each temporal level in the video sequence o encode.

According to a further embodiment, the set of candidate pools associated with a higher
temporal level is a truncated version of the set of candidate pools of transforms associated io
a lower temporal level.

The concept is illustrated in the Figure 7, which shows the pictures for three temporal
levels, and for each temporal level, a set of pools is enabled. in this example, the set of pools
for temporal level 1 is a subset of the set of pools for temporal level 0, and the set of poois for
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temporal level 2 is a subset of the set of pools for temporatl fevel 1.

In another embodiment, the pools themselves are temporal-level dependent. For
instance, a pool is enabled for temporal level 0 (noted Pool0). Fortemporal level 1, a subset
of this pool is enabled (noted Pool1). In Pool1, only some of the transforms from PoolD are
included. Fortemporal level 1, a subset of this pool is enabled {noted Pool2). in Pooi2, only
some of the transforms from PoolC are included. Pool2 can be a subset of Pool1.

One advantage of the described embodiments over the prior art is an improvement in
compression compared to the prior art with only one set of transforms.

One embodiment of a method 800 for encoding a block in a video image is shown in
Figure 8. The method commences at Start block 801 and proceeds to block 810 for selecting
a set of transforms from a plurality of sets of transforms, wherein the set of transforms is
associated with a first index. The method proceeds from block 810 to block 820 for selecting
a transform from among a plurality of transforms comprising the selected set of transforms
from block 810, wherein the selected transform is associated with a second index. Control
then proceeds from block 820 to block 830 for transforming at least a block in a region of the
video image into transform coefficients using the selected transform. Control proceeds from
block 830 to block 840 for encoding the transformed coefficients along with the first index and
the second index into a bitstream.

One embodiment of a method 800 for decoding a block in a video image is shown in
Figure 9. The method commences at Start block 901 and control proceeds to block 910 for
decoding a video bitstream to generate a first index and a second index. Control proceeds
from biock 910 to block 920 for selecting a set of transforms associated with the first index
from a plurality of sets of transforms to be used for decoding blocks within a region of a video
image. Control proceeds from block 920 to block 830 for selecting a transform associated
with the second index from among a plurality of transforms comprising the selected set of
transforms, to use in decoding a block in the region of the video image. Control proceeds
from block 930 to block 940 for inverse transforming coefficients of at least a block in the
region of the video image using the selected transform.

One embodiment of an apparatus 1000 for encoding or decoding a block in & video
image is shown in Figure 10. The apparatus comprises a Processor 1010 and a Memory
1020. The Processor 1010 is configured, for encoding, to perform the steps of Figure 8, that
is selecting a set of transforms from among a plurality of sets of transforms to be used for
encoding blocks within a region of a video image, wherein the selected set of transforms is
associated with a first index; selecting a transform from among a plurality of transforms
comprising the selected set of transforms associated with the first index to use for encoding a
block, wherein the selected transform is associated with a second index; transforming at least
a block in the region of the video image using the selected transform into transformed
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coefficients, and encoding the transformed coefficients along with the first index and the
second index into a bitstream.

When Processor 1010 is configured for decoding, it performs the steps of Figure 9,
that is, decoding a video bitstream to generate a first index and a second index; selecting a
sef of transforms associated with the first index from among a plurality of sets of transforms to
be used for decoding blocks within a region of a video image,; selecting a transform associated
with the second index from among a plurality of transforms comprising the selected set of
transforms, associated with the first index, to use for decoding a block within the region of the
video image, and inverse transforming coefficients of at ieast a block in the region of the video
image using the selected transform.

The functions of the various elements shown in the figures may be provided through
the use of dedicated hardware as well as hardware capable of executing software in
association with appropriate software. When provided by a processor, the functions may be
provided by a single dedicated processor, by a single shared processor, or by a plurality of
individual processors, some of which may be shared. Moreover, explicit use of the term
“processor” or “controlter” should not be construed to refer exclusively to hardware capable of
executing software, and may implicitly include, without limitation, digital signal processor
{(“‘DSP") hardware, read-only memory (*ROM") for storing software, random access memory
{“RAM"), and non-volatile storage.

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

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
scope.

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 tc be construed as being without
limitation to such specifically recited examples and conditions.

Moreover, all statements herein reciting principles, aspects, and embodiments of the
present principles, as well as specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, itis 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.
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Thus, for example, it will be appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views of illustrative circuitry embodying the
present principles. Similarly, it will be appreciated that any flow charts, flow diagrams, state
transition diagrams, pseudocode, and the like represent various processes which may be
substantially represented in computer readable media and so executed by a computer or
processor, whether or not such computer or processor is explicitly shown.

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 o 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, 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 af least
one embodiment of the present principles. Thus, the appearances of the phrase “in one
embaodiment” or “in an embodiment”, as well any other variations, appearing in various places
throughout the specification are not necessarily all referring to the same embodiment.

In conclusion, improved methods and apparatus for improving the performance of
video encoders and decoders involves selecting a set of transforms from among a plurality of
sets of transforms that can be used for coding blocks in a region of a video image. Within a
region, selection of a particular transform from among a plurality of transforms comprising the
selected set of transforms is used to encoder or decode at least one block in the region.
Associated indices representing the set of transforms to be used within a region and the
selected transform for a block can be sent in a bitstream. In an alternate embodiment, a
default set of transforms is complemented by selection of an additional set of transforms on a

block or region basis.
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CLAIMS

1. A method, comprising:

selecting a set of transforms from among a plurality of sets of transforms {o be used
for encoding blocks within a region of a video image, wherein said selected set of transforms
is associated with a first index;

selecting a transform from among a plurality of transforms comprising the selected set
of transforms associated with said first index to use for encoding a block, wherein said selected
transform is associated with a second index;

transforming at least a block in said region of the video image using said selected
transform into transformed coefficients; and

encoding said transformed coefficients along with said first index and said second

index into a bitstream.

2. A method, comprising:

decoding a video bitstream o generate a first index and a second index;

selecting a set of transforms associated with the first index from among a plurality of
sets of transforms {o be used for decoding blocks within a region of a video image;

selecting a transform associated with the second index from among a plurality of
transforms comprising the selected set of transforms, associated with said first index, to use
for decoding a block within the region of the video image; and

inverse transforming coefficients of at least a block in said region of the video image

using said selected transform.

3. An apparatus, comprising:
a memory, and
a processor, configured o perform:
selecting a set of transforms from among a plurality of sets of transforms to be used
for encoding blocks within a region of a video image, wherein said selected set of transforms
is associated with a first index;
selecting a transform from among a plurality of fransforms comprising the selected set
of transforms associated with said first index to use for encoding a block, wherein said selected
transform is associated with a second index;
transforming at least a block in said region of the video image using said selected
transform into transformed coefficients; and
encoding said transformed coefficients along with said first index and said second

index into a bitstream.
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4, An apparatus, comprising:
a memory, and
a processor, configured to perform:
decoding a video bitstream to generate a first index and a second index;
selecting a set of transforms associated with the first index from among a plurality of
sets of transforms {o be used for decoding blocks within a region of a video image;
selecting a transform associated with the second index from among a plurality of
transforms comprising the selected set of transforms, associated with said first index, to use
for decoding a block within the region of the video image; and
inverse transforming coefficients of at least a block in said region of the video image

using said selected transform.

5. The method of Claim 1 or 2, or the apparatus of Claim 3 or 4, wherein said first

index and said second index are signaled at different levels of a video coding hierarchy.

6. The method of Claim 1 or 2, or the apparatus of Claim 3 or 4, further comprising,
adding said selected set of transforms o a default set of transforms before selecting a

transform to use for encoding said block.

7. The method or the apparatus of Claim 5 or Claim 6, wherein a level in a video
coding hierarchy in which said first index is signaled is higher than a level in said video coding
hierarchy in which said second index is signaled.

8. The method of Claim 1 or 2, or the apparatus of Claim 3 or 4, further comprising,
adding said selected set of transforms {o a default set of transforms at one or more video
coding levels before selecting a transform {o use for encoding said block.

g. The method or the apparatus of Claim 8, wherein an amount of transforms in a
set of transforms at a particular video coding level is less than an amount of transforms in a

higher video coding level.

10. The method or the apparatus of Claim 8, wherein a separate set of transforms

is considered at the respective video coding evels.

11. The method or the apparatus of Claims 1 or 2, or the apparatus of Claim 3 or

4, wherein said plurality of sets of transforms are derived by an offline transform learning
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scheme.

12. The method or the apparatus of Claim 1 or 2, or the apparatus of Claim 3 or 4,
wherein said plurality of sets of transforms comprise systematic transforms of sinusocidal
transform families.

13. A non-transitory computer readable medium containing data content generated
according to the method of any one of claims 1 and 5 to 12, or by the apparatus of any one of
claims 3 and 5 to 12, for playback using a processor.

14. A signal comprising video data generated according to the method of any one
of claims 1 and 5 to 12, or by the apparatus of any one of claims 3 and 5 fo 12, for playback

using a processor.

16. A computer program product comprising instructions which, when the program
is execuied by a computer, causes the computer to carry out the method of any one of claims
2and 5to 12.
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