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(54) DEVICE AND METHOD FOR PERFORMING TRANSFORM BY USING SINGLETON 
COEFFICIENT UPDATE

(57) The present invention provides a method for en-
coding a video signal, the method comprising: a step of
selecting a transform parameter set via an optimization
process for a target block, wherein the transform param-
eter set comprises a vertical transform set, a horizontal
transform set and a transform order parameter set; a step
of updating, on the basis of the selected transform pa-
rameter set, a transform block having a singleton coeffi-
cient, wherein the single ton coefficient represents a sin-
gle coefficient obtained on the basis of the transform or-
der parameter set; a step of obtaining a transform coef-
ficient for the target block on the basis of the updated
transform block; a step of quantizing the transform coef-
ficient; and a step of entropy encoding the quantized
transform coefficient.
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Description

[Technical Field]

[0001] The present invention relates to a method for encoding/decoding a video signal and, more particularly, to a
technique of performing transform using singleton coefficient update in an encoder and a technique of performing inverse
transform based on a transform to which a singleton coefficient update has been applied in a decoder.

[Background Art]

[0002] A compression encoding means a series of signal processing techniques for transmitting digitized information
through a communication line or techniques for storing the information in a form that is proper for a storage medium.
The media including a picture, an image, an audio, and the like may be the target for the compression encoding, and
particularly, the technique of performing the compression encoding targeted to the picture is referred to as a video image
compression
[0003] The next generation video contents are supposed to have the characteristics of high spatial resolution, high
frame rate and high dimensionality of scene representation. In order to process such contents, drastic increase of memory
storage, memory access rate and processing power will be resulted. Accordingly, it is required to design the coding tool
for processing the next generation video contents efficiently.
[0004] In particular, in the related art video coding, a separable 2D discrete cosine transform (2D DCT) is typically
used as block signals. A main disadvantage of using the 2D DCT is isotropic transform that cannot capture non-isotropic
features of block data. Actually, image/video blocks may have various statistical properties depending on a prediction
method such as inter/intra-prediction mode and video content. Thus, good compression gains may be achieved by using
different transforms that may be adapted to the non-isotropic statistical features of the data blocks. A solution to this
problem is to use non-separable transforms such as the Karhunen-Loeve transform (KLT). However, the KLT is not
highly effective because of its high complexity. Thus, there is a need to design non-separable but low-complexity trans-
forms derived by combining multiple transforms.

[Disclosure]

[Technical Problem]

[0005] An aspect of the present invention proposes a method for improving coding efficiency through a novel transform
design.
[0006] Another aspect of the present invention proposes a method for designing low-complexity and non-isotropic
transform.
[0007] Another aspect of the present invention proposes a method of designing transform using singleton update.
[0008] Another aspect of the present invention proposes a method for performing transform on each row and column
within a block according to specific transform order.
[0009] Another aspect of the present invention proposes a novel encoder/decoder structure for reflecting a new trans-
form design.

[Technical Solution]

[0010] The present invention provides a method for improving coding efficiency through a novel transform design.
[0011] The present invention provides a method of designing low-complexity and non-isotropic transforms using sin-
gleton updates.
[0012] The present invention provides a method for selecting a transform parameter set through an optimization
process for a target block.
[0013] The present invention provides a method for updating a transform block with a singleton coefficient based on
a transform parameter set.
[0014] The present invention provides a method for performing transform on each row and column within a block
according to specific transform order.
[0015] The present invention provides a novel encoder/decoder structure for reflecting a novel transform design.

[Advantageous Effects]

[0016] According to embodiments of the present invention, coding efficiency may be enhanced through a novel trans-
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form design.
[0017] Also, since better compression is performed by obtaining non-isotropic features of a data block and different
transform sets are applied to different portions of the block data in a separable manner, fast implementation with low
complexity may be performed in high-resolution video codec.

[Description of Drawings]

[0018]

FIG. 1 illustrates a schematic block diagram of an encoder for encoding a video signal, in accordance with one
embodiment of the present invention.
FIG. 2 illustrates a schematic block diagram of a decoder for decoding a video signal, in accordance with one
embodiment of the present invention.
FIG. 3 is a view illustrating a partition structure of a coding unit according to an embodiment to which the present
invention is applied.
FIG. 4 is a view illustrating an input/output relationship for cases of performing a vertical transform and a horizontal
transform on a data block according to an embodiment to which the present invention is applied.
FIGS. 5 and 6 are views illustrating a process of generating a transform coefficient by applying a vertical transform
and a horizontal transform according to specific transform order according to an embodiment to which the present
invention is applied.
FIG. 7 is a schematic internal block diagram of a directional transform unit which performs a vertical transform and
a horizontal transform according to an embodiment to which the present invention is applied.
FIG. 8 is a schematic internal block diagram of a directional transform unit using singleton coefficient update according
to an embodiment to which the present invention is applied.
FIG. 9 is a schematic internal block diagram of a singleton coefficient updating unit according to an embodiment to
which the present invention is applied.
FIG. 10 illustrates an input/output relationship for cases of performing singleton vertical coefficient updating and
singleton horizontal coefficient updating on a data block according to an embodiment to which the present invention
is applied.
FIG. 11 is a schematic internal block diagram of a directional transform unit using transform selected based on a
transform coefficient feedback according to an embodiment to which the present invention is applied.
FIG. 12 is a schematic internal block diagram of a directional transform unit using transform selected based on the
additional information of a reference block used in inter-prediction according to an embodiment to which the present
invention is applied.
FIG. 13 is a flow chart illustrating a method of performing transform using singleton coefficient update according to
an embodiment to which the present invention is applied.
FIG. 14 is a flow chart illustrating a method of determining a transform parameter set using an optimization process
according to an embodiment to which the present invention is applied.
FIG. 15 is a flow chart illustrating a method of performing inverse transform based on a transform to which a singleton
coefficient update has been applied according to an embodiment to which the present invention is applied.

[Best Modes]

[0019] The present invention provides a method for encoding a video signal, including: selecting a transform parameter
set via an optimization process for a target block, the transform parameter set including a vertical transform set, a
horizontal transform set and a transform ordering parameter set; updating a transform block with a singleton coefficient
based on the selected transform parameter set, the singleton coefficient indicating a single coefficient obtained by using
the transform ordering parameter set; obtaining a transform coefficient for the target block based on the updated transform
block; quantizing the transform coefficient; and entropy-encoding the quantized transform coefficient.
[0020] Also, in the present invention, the transform ordering parameter set may include at least one of a direction
parameter, a position index parameter or a frequency parameter.
[0021] Also, in the present invention, the transform ordering parameter set may be selected based on mode information
of the target block.
[0022] Also, in the present invention, if the mode information indicates a horizontal direction, a vertical transform may
be first applied, and if the mode information indicates a vertical direction, a horizontal transform may be first applied.
[0023] Also, in the present invention, the updating may further include updating the transform block based on another
transform ordering parameter set, wherein the transform coefficient may be obtained based on the updated transform
block.



EP 3 334 163 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0024] Also, in the present invention, the updating may be performed repeatedly by the number of parameters included
in the transform parameter set.
[0025] Also, in the present invention, the optimization process may include: initializing the vertical transform set and
the horizontal transform set; fixing the vertical transform set, updating a subset of the horizontal transform set, fixing the
horizontal transform set, and subsequently updating a subset of the vertical transform set; and determining an optimized
transform parameter set via covariance-based modeling.
[0026] Also, in the present invention, the updating order for the vertical transform set and the horizontal transform set
may be selected based on mode information.
[0027] Also, the present invention provides a method for decoding a video signal, including: extracting at least one
transform index for a target block from the video signal; deriving a transform parameter set corresponding to the transform
index, the transform parameter set including a vertical transform set, a horizontal transform set and a transform ordering
parameter set; and performing inverse-transform on the target block based on the transform parameter set.
[0028] Also, the present invention provides an apparatus for encoding a video signal, including: a transform selection
unit configured to select a transform parameter set via an optimization process for a target block, the transform parameter
set including a vertical transform set, a horizontal transform set and a transform ordering parameter set; an updating
unit configured to update a transform block with a singleton coefficient based on the selected transform parameter set,
the singleton coefficient indicating a single coefficient obtained by using the transform ordering parameter set; a transform
performing unit configured to obtain a transform coefficient for the target block based on the updated transform block;
a quantization unit configured to quantize the transform coefficient; and an entropy-encoding unit configured to entropy-
encode the quantized transform coefficient.
[0029] Also, the present invention provides an apparatus for decoding a video signal, including: a parsing unit configured
to extract at least one transform index for a target block from the video signal; and an inverse-transform unit configured
to derive a transform parameter set corresponding to the transform index and perform inverse-transform on the target
block based on the transform parameter set, wherein the transform parameter set includes a vertical transform set, a
horizontal transform set and a transform ordering parameter set.

[Mode for invention]

[0030] Hereinafter, exemplary elements and operations in accordance with embodiments of the present invention are
described with reference to the accompanying drawings, however, it is to be noted that the elements and operations of
the present invention described with reference to the drawings are provided as only embodiments and the technical
spirit and kernel configuration and operation of the present invention are not limited thereto.
[0031] Furthermore, terms used in this specification are common terms that are Furthermore, terms used in this
specification are common terms that are now widely used, but in special cases, terms randomly selected by the applicant
are used. In such a case, the meaning of a corresponding term is clearly described in the detailed description of a
corresponding part. Accordingly, it is to be noted that the present invention should not be construed as being based on
only the name of a term used in a corresponding description of this specification and that the present invention should
be construed by checking even the meaning of a corresponding term.
[0032] Furthermore, terms used in this specification are common terms selected to describe the invention, but may
be replaced with other terms for more appropriate analysis if such terms having similar meanings are present. For
example, a signal, data, a sample, a picture, a frame, and a block may be properly replaced and interpreted in each
coding process. Furthermore, partitioning, decomposition, splitting, division may also be properly replaced and interpreted
in each coding process.
[0033] FIG. 1 illustrates a schematic block diagram of an encoder for encoding a video signal, in accordance with one
embodiment of the present invention.
[0034] Referring to FIG. 1, an encoder 100 may include an image segmentation unit 110, a transform unit 120, a
quantization unit 130, an inverse quantization unit 140, an inverse transform unit 150, a filtering unit 160, a DPB (Decoded
Picture Buffer) 170, an inter-prediction unit 180, an intra-prediction unit 185 and an entropy-encoding unit 190.
[0035] The image segmentation unit 110 may divide an input image (or, a picture, a frame) input to the encoder 100
into one or more process units. For example, the process unit may be a coding tree unit (CTU), a coding unit (CU), a
prediction unit (PU), or a transform unit (TU).
[0036] However, the terms are used only for convenience of illustration of the present disclosure. The present invention
is not limited to the definitions of the terms. In this specification, for convenience of illustration, the term "coding unit" is
employed as a unit used in a process of encoding or decoding a video signal. However, the present invention is not
limited thereto. Another process unit may be appropriately selected based on contents of the present disclosure.
[0037] The encoder 100 may generate a residual signal by subtracting a prediction signal output from the inter-prediction
unit 180 or intra-prediction unit 185 from the input image signal. The generated residual signal may be transmitted to
the transform unit 120.
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[0038] The transform unit 120 may apply a transform technique to the residual signal to produce a transform coefficient.
The transform process may be applied to a pixel block having the same size of a square, or to a block of a variable size
other than a square.
[0039] The present invention provides a method for improving coding efficiency through a novel transform design. For
example, an encoder may design low-complexity and non-isotropic transform using singleton updating.
[0040] Further, the present invention may select a transform parameter set through an optimization process for a
target block and update a transform block with a singleton coefficient based on the transform parameter set. In this case,
transform may be performed on each row and column within the block in specific transform order. Specific embodiments
thereof will be described in detail.
[0041] The quantization unit 130 may quantize the transform coefficient and transmits the quantized coefficient to the
entropy-encoding unit 190. The entropy-encoding unit 190 may entropy-code the quantized signal and then output the
entropy-coded signal as bitstreams.
[0042] The quantized signal output from the quantization unit 130 may be used to generate a prediction signal. For
example, the quantized signal may be subjected to an inverse quantization and an inverse transform via the inverse
quantization unit 140 and the inverse transform unit 150 in the loop respectively to reconstruct a residual signal. The
reconstructed residual signal may be added to the prediction signal output from the inter-prediction unit 180 or intra-
prediction unit 185 to generate a reconstructed signal.
[0043] On the other hand, in the compression process, adjacent blocks may be quantized by different quantization
parameters, so that deterioration of the block boundary may occur. This phenomenon is called blocking artifacts. This
is one of important factors for evaluating image quality. A filtering process may be performed to reduce such deterioration.
Using the filtering process, the blocking deterioration may be eliminated, and, at the same time, an error of a current
picture may be reduced, thereby improving the image quality.
[0044] The filtering unit 160 may apply filtering to the reconstructed signal and then outputs the filtered reconstructed
signal to a reproducing device or the decoded picture buffer 170. The filtered signal transmitted to the decoded picture
buffer 170 may be used as a reference picture in the inter-prediction unit 180. In this way, using the filtered picture as
the reference picture in the inter-picture prediction mode, not only the picture quality but also the coding efficiency may
be improved.
[0045] The decoded picture buffer 170 may store the filtered picture for use as the reference picture in the inter-
prediction unit 180.
[0046] The inter-prediction unit 180 may perform temporal prediction and/or spatial prediction with reference to the
reconstructed picture to remove temporal redundancy and/or spatial redundancy. In this case, the reference picture
used for the prediction may be a transformed signal obtained via the quantization and inverse quantization on a block
basis in the previous encoding/decoding. Thus, this may result in blocking artifacts or ringing artifacts.
[0047] Accordingly, in order to solve the performance degradation due to the discontinuity or quantization of the signal,
the inter-prediction unit 180 may interpolate signals between pixels on a subpixel basis using a low-pass filter. In this
case, the subpixel may refer to a virtual pixel generated by applying an interpolation filter. An integer pixel means an
actual pixel existing in the reconstructed picture. The interpolation method may include linear interpolation, bi-linear
interpolation and Wiener filter, etc.
[0048] The interpolation filter may be applied to the reconstructed picture to improve the accuracy of the prediction.
For example, the inter-prediction unit 180 may apply the interpolation filter to integer pixels to generate interpolated
pixels. The inter-prediction unit 180 may perform prediction using an interpolated block composed of the interpolated
pixels as a prediction block.
[0049] Meanwhile, the intra-prediction unit 185 may predict a current block by referring to samples in the vicinity of a
block to be encoded currently. The intra-prediction unit 185 may perform a following procedure to perform intra-prediction.
First, the intra-prediction unit 185 may prepare reference samples needed to generate a prediction signal. Then, the
intra-prediction unit 185 may generate the prediction signal using the prepared reference samples. Thereafter, the intra-
prediction unit 185 may encode a prediction mode. At this time, reference samples may be prepared through reference
sample padding and/or reference sample filtering. Since the reference samples have undergone the prediction and
reconstruction process, a quantization error may exist. Therefore, in order to reduce such errors, a reference sample
filtering process may be performed for each prediction mode used for intra-prediction
[0050] The prediction signal generated via the inter-prediction unit 180 or the intra-prediction unit 185 may be used
to generate the reconstructed signal or used to generate the residual signal.
[0051] FIG. 2 illustrates a schematic block diagram of a decoder for decoding a video signal, in accordance with one
embodiment of the present invention.
[0052] Referring to FIG. 2, a decoder 200 may include a parsing unit (not shown), an entropy-decoding unit 210, an
inverse quantization unit 220, an inverse transform unit 230, a filtering unit 240, a decoded picture buffer (DPB) 250, an
inter-prediction unit 260 and an intra-prediction unit 265.
[0053] A reconstructed video signal output from the decoder 200 may be reproduced using a reproducing device.
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[0054] The decoder 200 may receive the signal output from the encoder as shown in FIG. 1. The received signal may
be entropy-decoded via the entropy-decoding unit 210.
[0055] The inverse quantization unit 220 may obtain a transform coefficient from the entropy-decoded signal using
quantization step size information.
[0056] The inverse transform unit 230 may inverse-transform the transform coefficient to obtain a residual signal.
[0057] A reconstructed signal may be generated by adding the obtained residual signal to the prediction signal output
from the inter-prediction unit 260 or the intra-prediction unit 265.
[0058] The filtering unit 240 may apply filtering to the reconstructed signal and may output the filtered reconstructed
signal to the reproducing device or the decoded picture buffer unit 250. The filtered signal transmitted to the decoded
picture buffer unit 250 may be used as a reference picture in the inter-prediction unit 260.
[0059] In the present specification, the embodiments described in the transform unit 120 and the respective functional
units of the encoder 100 may be equally applied to the inverse transform unit 230 and the corresponding functional units
of the decoder, respectively.
[0060] FIG. 3 is a diagram illustrating a partition structure of a coding unit according to an embodiment to which the
present invention is applied.
[0061] An encoder may partition a single image (or picture) in a coding tree unit (CTU) of a rectangle shape, and
encodes the CTU sequentially one by one according to a raster scan order
[0062] For example, a size of CTU may be determined by one of 64x64, 32x32 and 16x16, but the present invention
is not limited thereto. The encoder may select and use the size of CTU according to resolution of an input image or the
characteristics of the input image. The CTU includes a coding tree block (CTB) for a luma component and a CTB for
two chroma components corresponding thereto.
[0063] One CTU may be partitioned into a quad tree structure. For example, one CTU may be divided into four units
each having a square shape, the length of each side decreasing by half. Partitioning the QT structure may be performed
recu rsively.
[0064] Referring to FIG. 3, a root node of a quad tree may relate to a CTU. The quad tree (QT) may be partitioned
until it reaches a leaf node, and here, the leaf node may be referred to as a CU.
[0065] The CU may mean a basic unit of processing process of an input image, for example, the coding in which the
intra/inter-prediction is performed. The CU may include a coding block (CB) for a luma component and the CB for two
chroma components corresponding thereto. For example, a size of CU may be determined by any one of 64x64, 32x32,
16x16 and 8x8, but the present invention is not limited thereto and, in the case of a high-resolution image, the size of
the CU may be increased or diversified.
[0066] Referring to FIG. 3, a CTU corresponds to a root node and has a smallest depth value (i.e., depth=0). The CTU
may not be partitioned depending on characteristics of an input image, and in this case, the CTU corresponds to a CU
[0067] The CTU may be partitioned into a QT form, and as a result, lower nodes having a depth of level 1 are generated.
A node (i.e., a leaf node) which is not partitioned any further from the lower node having the depth of level 1 corresponds
to a CU. For example, in FIG. 3(b), CU(a), CU(b), and CU(j) corresponding to nodes a, b, and j have been once partitioned
from a CTU and have the depth of level 1.
[0068] At least any one of the nodes having the depth of level 1 may be partitioned into a quad tree form again. Also,
a node (i.e., leaf node) which cannot be partitioned any further from the lower node having a depth of level 2 corresponds
to a CU. For example, in FIG. 3(b), CU(c), CU(h), and CU(i) corresponding to nodes c, h, and i have been partitioned
twice and have the depth of level 2.
[0069] Also, at least any one of the nodes having the depth of level 2 may be partitioned again into a QT form. Also,
a node (i.e., leaf node) which cannot be partitioned any further from the lower node having a depth of level 3 corresponds
to a CU. For example, in FIG. 3(b), CU(d), CU(e), CU(f), and CU(g) corresponding to nodes d, e, f, and g have been
partitioned three times from the CTU and have the depth of level 3.
[0070] In an encoder, a maximum size or a minimum size of a CU may be determined according to the characteristics
of a video image (e.g., resolution) or in consideration of coding efficiency. Also, the information for this or the information
that may derive this may be included in a bit stream. The CU having the maximum size may be referred to as a largest
coding unit (LCU), and the CU having the minimum size may be referred to as a smallest coding unit (SCU).
[0071] In addition, the CU having a tree structure may be hierarchically partitioned with predetermined maximum depth
information (or maximum level information). Also, each partitioned CU may have the depth information. Since the depth
information represents a partitioned count and/or degree of a CU, the depth information may include the information of
a size of CU.
[0072] Since the LCU is partitioned in a QT form, the size of SCU may be obtained using a size of the LCU and the
maximum depth information. Or, conversely, the size of LCU may be obtained using a size of SCU and the maximum
depth information of the tree.
[0073] Regarding a single CU, information indicating whether a corresponding CU is partitioned may be transferred
to a decoder. For example, the information may be defined by a partition flag and may be expressed by a syntax element
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"split_cu_flat". The partition flag may be included in every CU excluding the SCU. For example, when a value of the
partition flag is ’1’, the corresponding CU may be further partitioned into four CUs, and when the value of the partition
flag is ’0’, the corresponding CU is not partitioned any further and a coding process for the corresponding CU may be
performed.
[0074] In the embodiment of FIG. 3, the process of partitioning a CU has been described as an example, and the QT
structure described above may also be applied to a process of partitioning a transform unit (TU) as a basic unit for
performing transform.
[0075] The TU may be hierarchically partitioned from the CU to a QT structure. For example, a CU may correspond
to a root node of a tree for a transform unit (TU).
[0076] Since the TU is partitioned into the QT structure, the TUs partitioned from the CU may be further partitioned
into smaller lower TUs. For example, a size of the TU may be determined to any one of 32x32, 16x16, 8x8, or 4x4, but
the present invention is not limited thereto. In the case of a high-resolution image, the size of the TU may further be
increased or diversified.
[0077] Regarding one TU, information indicating whether or not the TU is partitioned may be transmitted to the decoder.
For example, the information may be defined as a split transform flag and may be expressed as a syntax element
"split_transform_flag".
[0078] The split transform flag may be included in every TU excluding a TU having a minimum size. For example, if
a value of the split transform flag is ’1’, the corresponding TU is partitioned into four TUs again, and if the value of the
split transform flag is ’0’, the corresponding TU is not partitioned any further.
[0079] As described above, the CU is a basic unit of coding in which intra-prediction or inter-prediction is performed.
In order to more effectively code the input image, the CU may be partitioned into prediction unit (PU) units.
[0080] A PU is a basic unit for generating a prediction block, and even in one CU, different prediction blocks may be
generated in units of PU. The PU may be partitioned differently depending on whether the intra-prediction mode or the
inter-prediction mode is used as a coding mode of the CU to which the PU belongs.
[0081] FIG. 4 is a view illustrating an input/output relationship for cases of performing a vertical transform and a
horizontal transform on a data block according to an embodiment to which the present invention is applied.
[0082] The present invention discloses low-complexity, non-isotropic transforms. Embodiments of the present invention
may be used as a certain video codec which implements transform coding.
[0083] The present invention provides a method for designing low-complexity and non-isotropic transforms using
singleton updating.
[0084] The present invention may select a transform parameter set through an optimization process for a target block
and update the transform block with a singleton coefficient based on the transform parameter set. Here, the singleton
coefficient may refer to a single coefficient obtained based on a transform ordering parameter set.
[0085] Also, the present invention provides a method for performing a transform on each row and column within a
block according to specific transform order.
[0086] For example, an encoder may present methods for designing non-separable but low-complexity transforms
derived by combining multiple transforms, and here, each transform may be designed for a particular portion of the block.
The encoder may preferentially design two sets of transform regarding rows and columns of the block using an optimization
procedure. Also, transform may be performed by transforming each row and column of the block having the specific
transform order.
[0087] In this manner, a method of performing transform using singleton coefficient update in this disclosure will be
referred to as generalized incremental transforms with singleton updates (GITSU).
[0088] Hereinafter, vertical and horizontal transforms to be a basic formation block of the GITSU will be described.
The entire transform T (rows are basis vectors) may be derived based on a transform parameter set. The transform
parameter set may include at least one of a vertical transform set, a horizontal transform set, and a transform ordering
parameter set.

• Vertical transform set: (v1,v2,...,vN}

• Horizontal transform set: {H1,H2,..., HN}

• Transform ordering parameter set: s = {0,1}

[0089] The transform parameter set may be selected or determined based on an optimization procedure (to be de-
scribed hereinafter) in this disclosure. In another embodiment, the encoder may define a transform index corresponding
to the transform parameter set and transmit the same to a decoder.
[0090] The transform ordering parameter set refers to a set of pieces of information indicating transform order, and in
the case of actually indicating transform order, any one of the transform ordering parameter sets may be used. In this
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case, the any one value may be referred to as a transform order parameter. For example, when the transform ordering
parameter set is expressed as S, S may have a value of 0 or 1, and when S=1, it may refer to order of first applying a
vertical transform and subsequently applying a horizontal transform, and when S=0, it may refer to order of first applying
a horizontal transform and subsequently applying a vertical transform. The present invention is not limited thereto and
the inverse case may also be applied. Alternatively, the transform ordering parameter set may be defined by three or
more values.
[0091] Assuming that the vertical transform set and the horizontal transform set are given, FIG. 4 illustrates a process
of outputting a vertical transform coefficient or a horizontal transform coefficient by applying the vertical transform set
or the horizontal transform set to an input data block B.
[0092] For example, referring to FIG. 4(a), it may be seen that the vertical transform set is applied to the input data
block B to generate a vertical transform coefficient Cv(l,k). This may be expressed by Equation 1 below. 

[0093] Here, k = 1,... , N and l = 1,... , N. Referring to FIG. 4(a), the vertical transform Vk may be applied to a kth column.
[0094] Referring to FIG. 4(b), it may be seen that the horizontal transform set is applied to the input data block B to
generate a horizontal transform coefficient Ch(k,l). This may be expressed by Equation 2 below. 

[0095] Here, k = 1,... , N and l = 1,... , N. Referring to FIG. 4(b), the horizontal transform Hk may be applied to a kth row.
[0096] Through this process, the entire transform T may be generated by applying the vertical transform and the
horizontal transform based on the specific transform order. For example, the specific transform order may refer to a
case of applying the vertical transform first and then applying the horizontal transform or a case of applying the horizontal
transform first and then applying the vertical transform. The specific transform order may correspond to the transform
ordering parameter set and may be determined by the transform ordering parameter set, for example.
[0097] Specific embodiments thereof will be described in more detail hereinafter with reference to FIGS. 5 to 6.
[0098] FIGS. 5 to 6 are diagrams illustrating a process of generating a transform coefficient by applying a vertical
transform and a horizontal transform according to specific transform order according to embodiments to which the present
invention is applied.
[0099] Referring to FIG. 5, the present invention illustrates an embodiment of generating a transform coefficient by
applying a vertical transform set first and then applying a horizontal transform set. For example, it may refer to a case
where a value of the transform parameter set is S=1.
[0100] When an input data block B is given and a vertical transform set {V1,..., , VN} is applied, a vertical transform
coefficient Cv(l,k) may be generated by Equation 3 below.

[0101] Here, k = 1,... , N, l = 1,... , N. Referring to FIG. 5, the vertical transform Vk may be applied to the kth column.
[0102] The vertical transform coefficient Cv(l,k) calculated by Equation 3 may be an input value for applying a horizontal
transform. When the horizontal transform set {H1, ..., HN} is applied to the vertical transform coefficient Cv(l,k), the
vertical/horizontal transform coefficient Cvh(k,l) may be generated by Equation 4. In this disclosure, a transform coefficient
calculated by applying the horizontal transform after the vertical transform will be referred to as a vertical/horizontal
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transform coefficient and the reverse case will be referred to as a horizontal/vertical transform coefficient. 

[0103] Here, k = 1,... , N, l = 1,... , N. Referring to FIG. 5, the horizontal transform Hk may be applied to the kth row.
[0104] Referring to FIG. 6, the present invention illustrates an embodiment of generating a transform coefficient by
first applying a horizontal transform set and then applying a vertical transform set to generate transform coefficients. For
example, it may refer to a case where a value of the transform parameter set is S=0.
[0105] In case where an input data block B is given and a horizontal transform set {H1, ..., HN}, the horizontal transform
coefficient Ch(k,l) may be generated by Equation 5 below.

[0106] Here, k = 1,... , N, l = 1,... , N. Referring to FIG. 6, the horizontal transform Hk may be applied to the kth row.
[0107] The horizontal transform coefficient Ch(k,l) calculated by Equation 5 may be an input value for applying the
vertical transform. When the vertical transform set {V1, ..., VN} is applied to the horizontal transform coefficient Ch(k,l),
the horizontal/vertical transform coefficient Chv(l,k) may be generated by Equation 6 below. 

[0108] Here, k = 1,... , N, l = 1,... , N. Referring to FIG. 6, the vertical transform Vk may be applied to the kth column.
[0109] Generally, Cvh in Equation 4 and Chv in Equation 6 are not the same. That is, when different transforms are
applied to rows and columns of an input block, different orders of the vertical and horizontal transforms may produce
different transforms.
[0110] For example, in case where vertical and horizontal transforms are set to one-dimensional (1D) DCT, the em-
bodiments of FIGS. 5 to 6 may represent a separable two-dimensional (2D) DCT.
[0111] FIG. 7 is a schematic internal block diagram of a directional transform unit that performs a vertical transform
and a horizontal transform according to an embodiment to which the present invention is applied.
[0112] Referring to FIG. 7, the encoder to which the present invention is applied may include a directional transform
unit 700. The directional transform unit 700 may be included in or replaced with the transform unit 120 of FIG. 1 described
above, but the present invention is not limited thereto and the directional transform unit 700 may be provided as a
separate functional unit.
[0113] The directional transform unit 700 may include at least one of a transform selection unit 710 and a transform
performing unit 720.
[0114] The directional transform unit 700 may perform a transform based on directional property of an image or a
residual image.
[0115] In an embodiment, the transform selection unit 710 may select a corresponding transform based on a prediction
mode. For example, when the prediction mode indicates an intra-directional mode, a horizontal transform set and a
vertical transform set corresponding to the intra-directional mode may be selected. Here, the encoder and the decoder
may already know the horizontal and/or vertical transform set corresponding to each prediction mode through training.
Thus, the horizontal transform set and/or the vertical transform set may each correspond to any one of the predetermined
transform sets.
[0116] In another example, the transform selection unit 710 may determine or select at least one of a transform order
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parameter, a vertical transform set, or a horizontal transform set based on additional information. For example, different
vertical and horizontal transform sets may be selected for each intra-prediction mode.
[0117] Also, the transform order parameter may be selected based on the intra-prediction mode. For example, in case
where the intra-prediction mode is 2, 3,... , 17, the transform order parameter S may be 1. That is, the transform order
parameter may indicate the order in which the horizontal transform is applied after the vertical transform.
[0118] In the case of the intra-prediction mode, since a data variation is large in the vertical direction, preferential
application of the vertical transforms may acquire a lot of energy, which may be good in terms of non-linear approximation
performance.
[0119] In another example, in the case of the intra-prediction mode 18, .. , 34, the transform order parameter S may
be 0. That is, the transform order parameter may indicate the order in which the vertical transform is applied after the
horizontal transform.
[0120] As described above, when the transform order parameter, the vertical transform set, and the horizontal transform
set are determined or selected, the transform performing unit 720 may perform a transform by applying the vertical
transform set and the horizontal transform set according to the transform order parameter.
[0121] For example, when S=1, first, the vertical transform unit 721 may output the vertical transform coefficient Cv
by performing a vertical transform on the input data B. The horizontal transform unit 722 may output the vertical/horizontal
transform coefficient Cvh by performing a horizontal transform on the vertical transform coefficient Cv.
[0122] In another example, when S=0, first, the horizontal transform unit 723 may output the horizontal transform
coefficient Ch by performing a horizontal transform on the input data B. The vertical transform unit 724 may output the
horizontal/vertical transform coefficient Chv by performing a vertical transform on the horizontal transform coefficient Ch.
[0123] FIG. 8 is a schematic internal block diagram of a directional transform unit using singleton coefficient update
according to an embodiment to which the present invention is applied.
[0124] Referring to FIG. 8, the encoder to which the present invention is applied may include a directional transform
unit 800. The directional transform unit 800 may be included in or replaced with the transform unit 120 of FIG. 1, but the
present invention is not limited thereto and the directional transform unit 800 may be provided as a separate functional unit.
[0125] The directional transform unit 800 may include at least one of a transform selection unit 810 and a singleton
coefficient updating unit 820.
[0126] The directional transform unit 800 may perform a transform based on directional properties of an image or a
residual image.
[0127] In an embodiment, the transform selection unit 810 may determine or select at least one of a transform order
parameter, a vertical transform set, or a horizontal transform set based on additional information. For example, different
vertical transform set and horizontal transform set may be selected for each intra-prediction mode. The embodiments
described in FIG. 7 may be applied to the transform selection unit 810, and a redundant description thereof will be omitted.
[0128] The singleton coefficient updating unit 820 may update a singleton coefficient and perform a transform based
on the updated singleton coefficient. Here, the singleton coefficient may refer to a single coefficient obtained based on
the transform ordering parameter set.
[0129] The present invention provides a method for designing generalized incremental transforms with singleton up-
dates (GITSU).
[0130] For example, regarding a data block B ∈ RN3N, GITSU T ∈ RN23N2 may be defined by the following transform
parameter set.

• Vertical transform set: {v1,v2,...,vN}
• Horizontal transform set: {H1,H2,...,HN}
• Transform ordering parameter set: {(o,k,f)}n = (o1,k1,f1),..., (on,kn,fn)

[0131] As illustrated in FIG. 8, in the present invention, input data and additional information may be used to determine
global transform by selecting the vertical transform set {v1,v2,...,vN}, the horizontal transform set {H1,H2,...,HN}, and the
transform ordering parameter set {(o,k,f)}n, which are transform parameter sets for transform T.
[0132] The transform ordering parameter set may be determined by a series of triplets (i.e., {(o,k,f)}n) having a legnth
n, and for exmaple, the triplet (o,k,f) may be defined by at lesat one of an orientation, a frequency, and a position index.
Here, the triplet (o,k,f) may be defined by an orientation ∈{0,1}, a frequency f ∈{1,2,..,N}, and a position index k ∈{1,2,..,N}.
[0133] The triplet (o,k,f) may be determined by an optimziation process, and in this case, the GITSU transform T may
be defined by n number of cascaded singleton coefficient update steps (SCUSs).
[0134] FIG. 9 is a schematic internal block diagram of a singleton coefficient updating unit to which the present invention
is applied.
[0135] Referring to FIG. 9, the encoder to which the present invention is applied may include a singleton coefficient
updating unit 900. The singleton coefficient updating unit 900 may be included in or replaced with the transform unit 120
of FIG. 1 described above, but the present invention is not limited thereto and the singleton coefficient updating unit 900
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may be provided as a separate functional unit.
[0136] The singleton coefficient updating unit 900 may include at least one of a first updating unit 910, a second
updating unit 920, and an Nth updating unit 930. For example, the GITSU transform T may be generated by cascaded
singleton coefficient update procedures (SCUSs).
[0137] Referring to FIG. 9, updating units cascaded according to the transform order parameter {(o,k,f)}n are illustrated.
Here, the updating units may each refer to a singleton coefficient update step (SCUS). The SCUS may correspond to
either a singleton vertical coefficient update (SVCU) or a singleton horizontal coefficient update (SHCU) depending on
a direction parameter o.
[0138] The first updating unit 910 may perform updating on the singleton vertical coefficient update (SVCU) or the
singleton horizontal coefficient update (SHCU) according to a direction parameter o1 with respect to input data S0=B.
For example, in case where the direction parameter o1=0, the first updating unit 910 may perform the singleton horizontal
coefficient update (SHCU), and in case where the direction parameter o1=1, the first updating unit 910 may perform the
singleton vertical coefficient update (SVCU). The first updating unit 910 may output S1 according to the SHCU or the SVCU.
[0139] The second updating unit 920 may perform updating on the SVCU or the SHCU according to the direction
parameter o2 with respect to the input data S1.
[0140] As described above, through the update procedure for N number of times, the singleton coefficient updating
unit 900 may obtain a transform coefficient C=Sn.
[0141] FIG. 10 illustrates an input/output relationship for cases of performing a singleton vertical coefficient update
and a singleton horizontal coefficient update on a data block according to an embodiment to which the present invention
is applied.
[0142] FIG. 10(a) illustrates a singleton input/output relationship according to the vertical coefficient updating unit
1010, and FIG. 10(b) illustrates a singleton input/output relationship according to the horizontal coefficient updating unit
1020.
[0143] Referring to FIG. 10(a), the vertical coefficient updating unit 1010 may apply a vertical transform Vk to input
data Si and update only one coefficient in a kth column using a basis vector Vk(f,:) at a frequency f. This may be expressed
by Equation 7 below. 

[0144] Here, si+1(f,j) = si (f,j), for all j ≠ k.
[0145] In another embodiment, the vertical coefficient updating unit 1010 may use a subset of basis vectors for multiple
frequency update at a position k of each step, instead of applying a single basis vector.
[0146] Referring to FIG. 10(b), the horizontal coefficient updating unit 1020 may apply the horizontal transform Hk to
the input data Si and update only one coefficient in a kth row using the basis vector Hk(f,:) at the frequency f. This may
be expressed by Equation 8 below.

[0147] Here, si+1(j,f) = si (j,l), for all j ≠ k.
[0148] In another embodiment, the horizontal coefficient updating unit 1020 may use a subset of basis vectors for
multiple frequency updates at position k of each step, instead of applying a single basis vector.
[0149] In another embodiment, a length of the sequence of transform order parameters {(o,k,f)}n may be arbitrarily
selected, and here, n may be an order of N3 to enable sufficient singleton update performance.
[0150] FIG. 11 is a schematic internal block diagram of a directional transform unit using transform selected based
on transform coefficient feedback according to an embodiment to which the present invention is applied.
[0151] Referring to FIG. 11, the encoder to which the present invention is applied may include a directional transform
unit 1100. The directional transform unit 1100 may be included in or replaced with the transform unit 120 of FIG. 1
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described above, but the present invention is not limited thereto and the directional transform unit 1100 may be provided
as a separate functional unit.
[0152] The directional transform unit 1100 may include at least one of a transform selection unit 1110 and a singleton
coefficient updating unit 1120.
[0153] The directional transform unit 1100 may perform a transform based on at least one of additional information
and transform coefficient feedback information.
[0154] In an embodiment, the transform selection unit 1110 may determine or select at least one of a transform order
parameter, a vertical transform set, or a horizontal transform set based on at least one of additional information and
transform coefficient feedback information. Here, the transform coefficient feedback information may include at least
one of an updated singleton coefficient and transform coefficient pattern information, and the additional information may
include at least one of a prediction mode or block feature information.
[0155] For example, the transform selection unit 1110 may determine or select at least one of a transform order
parameter, a vertical transform set, and a horizontal transform set based on the transform coefficient pattern information
so as to allow a more flexible transform selection.
[0156] Alternatively, the transform selection unit 1110 may determine or select at least one of the transform order
parameter, the vertical transform set, and the horizontal transform set based on the block characteristic information
extracted from the reference blocks through low-level processing (e.g., a boundary detection, etc.).
[0157] The singleton coefficient updating unit 1120 may update the singleton coefficient and perform a transform based
on the updated singleton coefficient. Here, the embodiments described with reference to FIGS. 8 to 10 may be applied,
and a redundant description will be omitted.
[0158] Also, the embodiments described in this disclosure may be applied to the embodiment of FIG. 11.
[0159] FIG. 12 illustrates a schematic internal block diagram of a directional transform unit using transform selected
based on additional information of a reference block used in inter-prediction according to an embodiment to which the
present invention is applied.
[0160] Referring to FIG. 12, the encoder to which the present invention is applied may include a directional transform
unit 1200. The directional transform unit 1200 may be included in or replaced with the transform unit 120 of FIG. 1, but
the present invention is not limited thereto and the directional transform unit 1200 may be provided as a separate
functional unit.
[0161] The directional transform unit 1200 may include at least one of a transform selection unit 1210 and a singleton
coefficient updating unit 1220.
[0162] The directional transform unit 1200 may perform a transform based on at least one of the additional information
or transform coefficient feedback information.
[0163] In an embodiment, the transform selection unit 1210 may determine or select at least one of a transform order
parameter, a vertical transform set, or a horizontal transform set based on at least one of additional information and
transform coefficient feedback information.
[0164] For example, the transform coefficient feedback information may include at least one of an updated singleton
coefficient and transform coefficient pattern information, and the additional information may include at least one of a
prediction mode, reference block information used for inter-prediction, and feature information.
[0165] For example, the prediction mode may indicate an intra-prediction mode or an inter-prediction mode, and the
reference block information may include at least one of a reference index, a motion vector, and transform information
of a reference block. The transform information of the reference block may include at least one of transform unit size
information, transform coefficient information, and a transform parameter set.
[0166] FIG. 13 is a flow chart illustrating a method of performing transform using singleton coefficient update according
to an embodiment to which the present invention is applied.
[0167] The present invention provides a method for improving coding efficiency through a novel transform design, and
further provides a method for designing low-complexity, non-isotropic transforms using singleton update.
[0168] In an embodiment, the present invention provides a method for updating a transform block with a singleton
coefficient based on a transform parameter set.
[0169] In another embodiment, the present invention provides a method of performing transform on each row and
column within a block according to specific transform order.
[0170] First, the encoder may select a transform parameter set through an optimization process for a target block
(S1310). Here, the transform parameter set may include at least one of a vertical transform set, a horizontal transform
set, or a transform ordering parameter set. In an embodiment, the transform ordering parameter set may be selected
based on mode information of a target block. For example, in case where the mode information indicates the horizontal
direction, the vertical transform is applied first, and in case where the mode information indicates the vertical direction,
the horizontal transform may be applied first.
[0171] The encoder may update the transform block with a singleton coefficient based on the selected transform
parameter set (S1320). Here, the singleton coefficient represents a single coefficient obtained based on the transform
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ordering parameter set.
[0172] In another example, the transform block may be updated based on another transform ordering parameter set.
[0173] In another example, the updating step S1320 may be repeatedly performed by the number of parameters
included in the transform parameter set.
[0174] The encoder may obtain a transform coefficient for the target block based on the updated transform block
(S1330).
[0175] The encoder may quantize the transform coefficients (S1340), and entropy-encodes the quantized transform
coefficients (S1350).
[0176] FIG. 14 is a flow chart illustrating a method for determining a transform parameter set using an optimization
process, to which the present invention is applied.
[0177] The present invention provides a method for determining or selecting a transform parameter set through an
optimization process for a target block. For example, the optimization process may refer to rate-distortion optimization.
[0178] The encoder may first initialize a vertical transform set and a horizontal transform set (S1410).
[0179] The encoder may fix the vertical transform set and update a subset of the horizontal transform set, and then
fix the horizontal transform set and update a subset of the vertical transform set (S1420).
[0180] Also, the encoder may determine an optimized transform parameter set via covariance-based modeling (S1430).
Here, update order of the vertical transform set and the horizontal transform set may be selected based on mode
information.
[0181] Hereinafter, an optimization framework will be described as an embodiment of the present invention. In order
to determine the vertical transform set {V1, V2, ... , VN} and the horizontal transform set {H1, H2, ... , HN}, the present
invention may use optimization issues having different metrics.
[0182] For example, it is assumed that there are L number of different block data classes modeled as zero-mean multi-
variance Gaussian random vectors having covariances K1, K2, ... , KL. The goal is to find an optimal transform T from
a rate-distortion perspective. For a single model having a covariance K, one typical measurement is based on how well
the transform T (where the rows are the basis vectors) diagonalizes covariance K. One commonly used metric may be
referred to as a coding gain generated as expressed by Equation 9 below. 

[0183] Here, det(K) is a determinant of K and ddiag(K) operator generates a diagonal matrix based on diagonal
elements of K. Intuitively, a greater coding gain metric may refer to a better transform T. In order to search for an optimal
transform for the multiple (L) covariance model, a maximization problem of Equation 10 below may be solved under
orthogonality constraint TTt = I. 

[0184] Here, the metric may measure log-sum coding gains regarding every Ki, i= 1,2, ..., L.
[0185] In an embodiment, a graph-based modeling (e.g., Gaussian Markov Random Fields) may be generated by
replacing the covariance-based models with models parameterized by graphical Laplacian. For example, when a set of

graph Laplacians  (i.e., graph-based models) is given, covariances such as  may be defined, and

here, L+ represents pseudo-inverse of L.
[0186] Equation 10 is for optimizing a global transform matrix T, and the following procedures may be repeatedly
performed to design transform sets.
[0187] First, the vertical transform set and the horizontal transform set may be initialized based on predetermined
information or using a unit matrix.
[0188] Second, the vertical transform set may be fixed and a subset of the horizontal transform set may be updated.
[0189] Third, the horizontal transform set may be fixed and a subset of the vertical transform set may be updated.
[0190] Fourth, the process, starting from the second step, may be repeatedly performed until converged (based on
the coding gain metric defined above).
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[0191] In an embodiment, the second and third steps may be exchanged. The exchange may induce updating the
vertical transform set first and then updating the horizontal transform set. In this manner, it is important to determine the
update order of the transform sets.
[0192] In an embodiment, the update order may be selected or determined based on additional information or input
data. For example, since the image model has a sharp horizontal boundary (i.e., a large vertical change) and most of
the energy will be concentrated on the vertical coefficients, it is effective to start the vertical transform update first in this
case. That is, it is more effective to optimize the vertical transform first and then update the horizontal transforms.
[0193] In an embodiment, the optimization procedure may be used to approximate a non-separable basis O by min-
imizing a squared error as expressed by Equation 11 below.

[0194] Here, the subscript F represents the Frobenius norm.
[0195] FIG. 15 is a flow chart illustrating a method of performing inverse transform based on a transform to which a
singleton coefficient update has been applied according to an embodiment to which the present invention is applied.
[0196] The decoder may extract at least one transform index regarding a target block from a video signal (S1510).
[0197] The decoder may derive a transform parameter set corresponding to the transform index (S1520). Here, the
transform parameter set may include at least one of a vertical transform set, a horizontal transform set, or a transform
ordering parameter set.
[0198] In another embodiment, the decoder may derive the transform ordering parameter set based on mode infor-
mation of the target block, without extracting the transform index.
[0199] The decoder may perform inverse transform on the target block based on the transform parameter set (S1530).
Here, the transform applied during the inverse transform may be transform to which the update of the singleton coefficient
has been applied. Here, the singleton coefficient represents a single coefficient obtained based on the transform ordering
parameter set.
[0200] As described above, the embodiments explained in the present invention may be implemented and performed
on a processor, a micro-processor, a controller or a chip. For example, functional modules explained in FIG. 1, FIG. 2
and FIGS. 6∼11 may be implemented and performed on a computer, a processor, a microprocessor, a controller or a chip.
[0201] Also, the decoder and the encoder to which the present invention is applied may be included in a multimedia
broadcasting transmission/reception apparatus, a mobile communication terminal, a home cinema video apparatus, a
digital cinema video apparatus, a surveillance camera, a video chatting apparatus, a real-time communication apparatus,
such as video communication, a mobile streaming apparatus, a storage medium, a camcorder, a VoD service providing
apparatus, an Internet streaming service providing apparatus, a three-dimensional 3D video apparatus, a teleconference
video apparatus, and a medical video apparatus and may be used to code video signals and data signals.
[0202] Furthermore, the decoding/encoding method to which the present invention is applied may be produced in the
form of a program that is to be executed by a computer and may be stored in a computer-readable recording medium.
Multimedia data having a data structure according to the present invention may also be stored in computer-readable
recording media. The computer-readable recording media include all types of storage devices in which data readable
by a computer system is stored. The computer-readable recording media may include a BD, a USB, ROM, RAM, CD-
ROM, a magnetic tape, a floppy disk, and an optical data storage device, for example. Furthermore, the computer-
readable recording media includes media implemented in the form of carrier waves, e.g., transmission through the
Internet. Furthermore, a bit stream generated by the encoding method may be stored in a computer-readable recording
medium or may be transmitted over wired/wireless communication networks.

[Industrial Applicability]

[0203] The exemplary embodiments of the present invention have been disclosed for illustrative purposes, and those
skilled in the art may improve, change, replace, or add various other embodiments within the technical spirit and scope
of the present invention disclosed in the attached claims.
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Claims

1. A method for encoding a video signal, comprising:

selecting a transform parameter set via an optimization process for a target block, the transform parameter set
including a vertical transform set, a horizontal transform set and a transform ordering parameter set;
updating a transform block with a singleton coefficient based on the selected transform parameter set, the
singleton coefficient indicating a single coefficient obtained by using the transform ordering parameter set;
obtaining a transform coefficient for the target block based on the updated transform block;
quantizing the transform coefficient; and
entropy-encoding the quantized transform coefficient.

2. The method of claim 1,
wherein the transform ordering parameter set is comprised of at least one of a direction parameter, a position index
parameter or a frequency parameter.

3. The method of claim 1,
wherein the transform ordering parameter set is selected based on mode information of the target block.

4. The method of claim 3,
wherein if the mode information indicates a horizontal direction, a vertical transform is first applied, and
if the mode information indicates a vertical direction, a horizontal transform is first applied.

5. The method of claim 1,
wherein the updating step further comprises :

updating the transform block based on another transform ordering parameter set,
wherein the transform coefficient is obtained based on the updated transform block.

6. The method of claim 1,
wherein the updating step is performed repeatedly as a number of parameters included in the transform parameter set.

7. The method of claim 1,
wherein the optimization process comprises :

initializing the vertical transform set and the horizontal transform set;
fixing the horizontal transform set and updating a subset of the vertical transform set, after fixing the vertical
transform set and updating a subset of the horizontal transform set; and
determining an optimized transform parameter set via a covariance-based modeling.

8. The method of claim 7,
wherein the updating order for the vertical transform set and the horizontal transform set is selected based on mode
information.

9. A method for decoding a video signal, comprising:

extracting at least one transform index for a target block from the video signal;
deriving a transform parameter set corresponding to the transform index, the transform parameter set including
a vertical transform set, a horizontal transform set and a transform ordering parameter set; and
performing an inverse-transform for the target block based on the transform parameter set.

10. The method of claim 9,
wherein the transform ordering parameter set is comprised of at least one of a direction parameter, a position index
parameter and a frequency parameter.

11. The method of claim 9,
wherein the transform ordering parameter set is selected based on mode information of the target block.
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12. The method of claim 11,
wherein if the mode information indicates a horizontal direction, a vertical transform is firstly applied, and
if the mode information indicates a vertical direction, a horizontal transform is firstly applied.

13. An apparatus for encoding a video signal, comprising:

a transform selection unit configured to select a transform parameter set via an optimization process for a target
block, the transform parameter set including a vertical transform set, a horizontal transform set and a transform
ordering parameter set;
an updating unit configured to update a transform block with a singleton coefficient based on the selected
transform parameter set, the singleton coefficient indicating a single coefficient obtained by using the transform
ordering parameter set;
a transform performing unit configured to obtain a transform coefficient for the target block based on the updated
transform block;
a quantization unit configured to quantize the transform coefficient; and
an entropy-encoding unit configured to entropy-encode the quantized transform coefficient.

14. An apparatus for decoding a video signal, comprising:

a parsing unit configured to extract at least one transform index for a target block from the video signal; and
an inverse-transform unit configured to derive a transform parameter set corresponding to the transform index,
and perform an inverse-transform for the target block based on the transform parameter set,
wherein the transform parameter set includes a vertical transform set, a horizontal transform set and a transform
ordering parameter set.
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