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(57) Abstract: Methods and apparatus for cross-color LM (Linear Mode) Intra
prediction are disclosed. According to one method, when a current top area or a
current left area of the current block is across a restricted boundary, a current LM
parameter set is derived based on reduced neighboring reconstructed areas. The
reduced neighboring reconstructed areas comprise a reduced top area having less
than N top lines or less than N left lines if the current top area or the current left
area is across the restricted boundary. According to another method, if the current
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expanded top area is used for deriving LM parameter set. A method for multi-LM
mode is also disclosed for restricted boundaries.
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METHOD AND APPARATUS FOR RESTRICTED LINEAR MODEL PARAMETER
DERIVATION IN VIDEO CODING

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present invention claims priority to U.S. Provisional Patent Application, Serial No. 62/661,661,
filed on April 24, 2018 and U.S. Provisional Patent Application, Serial No. 62/699,015, filed on July 17, 2018.

The U.S. Provisional Patent Applications are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION
[0002] The present invention relates to video coding. In particular, the present invention relates to coding

techniques associated with Intra prediction using linear mode with restricted data.

BACKGROUND AND RELATED ART

[0003] Motion compensated inter-frame coding has been widely adopted in various coding standards, such
as MPEG-1/2/4 and H.261/H.263/H.264/AVC. While motion-compensated inter-frame coding can effectively
reduce bitrate for compressed video, Intra coding is required to compress the regions with high motion or scene
changes. Besides, Intra coding is also used to process an initial picture or to periodically insert I-pictures or
I-blocks for random access or for alleviation of error propagation. Intra prediction exploits the spatial correlation
within a picture or within a picture region. In practice, a picture or a picture region is divided into blocks and the
Intra prediction is performed on a block basis. Intra prediction for a current block can rely on pixels in
neighboring blocks that have been processed. For example, if blocks in a picture or picture region are processed
row by row first from left to right and then from top to bottom, neighboring blocks on the top and neighboring
blocks on the left of the current block can be used to form Intra prediction for pixels in the current block. While
any pixels in the processed neighboring blocks can be used for Intra predictor of pixels in the current block, very
often only pixels of the neighboring blocks that are adjacent to the current block boundaries on the top and on the
left are used.

[0004] The Intra predictor is usually designed to exploit spatial features in the picture such as smooth area
(DC mode), vertical line or edge, horizontal line or edge and diagonal line or edge. Furthermore, spatial
correlation often exists between the luminance (luma) and chrominance (chroma) components. Therefore,
reconstructed luma pixels can be used to derive the Intra chroma prediction. In the emerging High Efficiency
Video Coding (HEVC), a chroma Intra prediction mode based on the reconstructed luminance signal has been
considered. This type of chroma Intra prediction is termed as Linear Model (LM) prediction. Fig. 1 illustrates the
Intra prediction derivation for LM mode. First, the neighboring reconstructed pixels (indicated by circles) of a
collocated luma block(i.e., Y block) and the neighboring reconstructed pixels (indicated by circles) of a chroma
block (i.e., U or V block)in Fig. 1 are used to derive the linear model parameters between the blocks. The
predicted pixels of the chroma block are generated using the parameters and the reconstructed pixels of the luma
block. In the parameters derivation, the top reconstructed pixel row adjacent to the top block boundary of the
current luma block and the left reconstructed pixel column adjacent to the left block boundary of the current

luma block are used. It is noted that the second left reconstructed pixel column from the left boundary is used
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instead of the left column immediately adjacent to the left boundary in order to match the sampling locations of
the chroma pixels. The specific row and column of the luma block are used in order to match the 4:2:0 sampling
format of the chroma components. While Fig. 1 illustrates the example of LM chroma mode for the 4:2:0
sampling format, the LM chroma mode for other chroma sampling format may also derived similarly.

[0005] According to the LM prediction mode, the chroma values are predicted from reconstructed luma
values of a collocated block. The chroma components may have lower spatial resolution than the luma
component. In order to use the luma signal for chroma Intra prediction, the resolution of the luma signal may
have to be reduced to match with that of the chroma components. For example, for the 4:2:0 sampling format, the
U and V components only have half of the number of samples in vertical and horizontal directions as the luma
component. Therefore, 2:1 resolution reduction in vertical and horizontal directions has to be applied to the
reconstructed luma samples. The resolution reduction can be achieved by down-sampling process or
sub-sampling process.

[0006] In LM chroma mode, for a to-be-predicted chroma sampleV with its collocated reconstructed luma

sampleV,,,, the lincar model to generate LM predictor P is formulated as follows:
P=a'V_+b

[0007] In the above equation, a and b are referred as LM parameters. The LM parameters can be derived
from the neighboring reconstructed luma and chroma samples around the current block so that the parameters do
not need to be coded in the bitstream. After deriving the LM parameters, chroma predictors can be generated
from the collocated reconstructed luma samples in the current block according to the linear model. For example,
if the video format is YUV420, then there are one 8x8 luma block and two 4x4 chroma blocks for each 8x8
coding unit, as shown in Fig. 1.In Fig. 1, each small square corresponds to one pixel in the current coding unit
(2Nx2N for luma and NxN for chroma) to be coded. The LM parameters are derived first based on neighboring
reconstructed samples of the current coding unit, which are represented as circles in Fig. 1. Due to the YUV420
sampling format, the collocated chroma position is located between two corresponding vertical luma samples.
An average value between two corresponding vertical luma samples is used to derive the LM parameters. For
neighboring pixels above the top block boundary, the average value is replaced by the closest sample in the
vertical direction in order to reduce the line buffer requirement. The neighboring pixels (as shown 1n circles) of
the currently luma (Y) and chroma (U or V) coding units are used to derive the LM parameters for the respective
chroma component as shown in Fig. 1. After the LM parameters arc derived, the chroma predictors are generated
based on the linear model and the collocated luma reconstructed samples. According to the video format, an
average luma value may be used instead of the corresponding luma sample.

[0008] It is desirable to develop improved method that may further improve the performance and/or reduce

the buffer requirement of chroma Intra prediction.

BRIEF SUMMARY QOF THE INVENTION
[0009] Method sand apparatus for cross-color Intra prediction based on reconstructed pixels of another
color using a linear model (referred as LM mode or LM Intra mode)are disclosed. An LM coded block normally
uses neighboring reconstructed areas comprising a top area and a left area of the LM coded block to derive an

LM parameter set of the LM coded block associated with a linear model relating luma pixels and chroma pixels
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of the LM coded block. The top area of the LM coded block comprises N top lines of top neighboring
reconstructed luma samples and the left area of the LM coded block comprises N left lines of left neighboring
reconstructed luma samples. N is an integer sclected from a range including a value greater than 1. According to
one method, when a current top area or a current left area of the current block is across a restricted boundary, a
current LM parameter set is derived for the current block based on the luma pixels and the chroma pixels in
reduced neighboring reconstructed areas. A cross-color Intra predictor is generated for the chroma pixels of the
current block according to the luma pixels of the current block and the current LM parameters and the chroma
pixels of the current block are encoded or decoded using the cross-color Intra predictor. The reduced neighboring
reconstructed areas comprise a reduced top area having less than N top lines of top neighboring reconstructed
luma samples if the current top area is across the restricted boundary or the reduced neighboring reconstructed
arcas comprise a reduced left area having less than N left lines of left neighboring reconstructed luma samples if
the current left area is across the restricted boundary.

[0010] The restricted boundary corresponds to a CTU (coding tree unit) boundary, slice boundary, tile
boundary, tile group boundary, or picture boundary. In one example, N is equal to 2 and the reduced top arca
includes 1 top line if the current top area is across the restricted boundary or the reduced left area includes 1 left
line if the current left area is across the restricted boundary.

[0011] In another case, an LM coded block normally uses neighboring reconstructed areas comprising a
top area and a left area of the LM coded block to derive an LM parameter set of the LM coded block associated
with a linear model relating luma pixels and chroma pixels of the LM coded block. According to another method,
when a current top arca or a current left arca of the current block is across a restricted boundary, a current LM
parameter set is derived for the current block based on the luma pixels and the chroma pixels in a modified
neighboring reconstructed region. A cross-color Intra predictor is generated for the chroma pixels of the current
block according to the luma pixels of the current block and the current LM parameters and the chroma pixels of
the current block are encoded or decoded using the cross-color Intra predictor. The modified neighboring
reconstructed region comprises only left neighboring reconstructed pixels of the current block if the current top
area 1s across the restricted boundary or only top neighboring reconstructed pixels of the current block if the
current left area is across the restricted boundary.

[0012] Inone embodiment, said only left neighboring reconstructed pixels of the current block corresponds
to an expanded left arca having additional left lines than the left area of the current block or said only top
neighboring reconstructed pixels of the current block corresponds to an expanded top area having additional top
lines than the top area of the current block. In another embodiment, only left neighboring reconstructed pixels of
the current block corresponds to the left area of the current block or said only top neighboring reconstructed
pixels of the current block corresponds to the top arca of the current block. In yet another embodiment, the top
area of the current block corresponds to an above arca, an above and above-right area, or an above-right area of
the current block, and the left arca of the current block corresponds to a left area, a left and left-bottom area, or a
left-bottom area of the current block.

[0013] Inyet another case, cross-color Intra prediction with multi-LM modes based on reconstructed pixels
using multi-LM modes is used. The multi-LM modes comprise a Left-only mode using only left neighboring

reconstructed pixels of a multi-LM modes coded block, a Top-only mode using only top neighboring
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reconstructed pixels of the multi-LM modes coded block, and a Left+Top mode using both the left neighboring
reconstructed pixels and the top neighboring reconstructed pixels of the multi-LM modes coded block.
According to yet another method, when current left neighboring reconstructed pixels or current top neighboring
reconstructed pixels of the current block are across the restricted boundary, a set of reduced multi-LM modes is
derived by excluding the Left-Only mode implicitly if the current left neighboring reconstructed pixels of the
current block are across the restricted boundary. The set of reduced multi-LM modes 1s derived by excluding the
Top-Only mode implicitly if the current top neighboring reconstructed pixels of the current block are across the

restricted boundary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 illustrates an example of derivation of chroma Intra prediction for LM mode based on
reconstructed luma pixels according to a conventional method for a 4:2:0 sampling format.

[0015] Fig. 2A illustrates an example for a luma block and chroma block at the top boundary of a slice, a
tile, a tile group, or a picture, where the top neighboring samples are across the restricted boundary (i.c.,
non-accessible).

[0016] Fig. 2B illustrates another example for a luma block and chroma block at the left boundary of a
slice, a tile, a tile group, or a picture, where the left neighboring samples are across a restricted boundary (i.c.,
non-accessible).

[0017] Fig. 3A illustrates an example of deriving the LM parameter set using only left neighboring
reconstructed samples of the current block if the top neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible) according to an embodiment of the present invention.

[0018] Fig. 3B illustrates an example of deriving the LM parameter set using only top neighboring
reconstructed samples of the current block if the left neighboring reconstructed samples are across a restricted
boundary (i.¢., inaccessible) according to an embodiment of the present invention.

[0019] Fig. 4A illustrates examples of deriving the LM parameter set using more additional neighboring
reconstructed samples from only above, above + above-left, or only above-left region for the LM parameter
derivation of access restricted LM model.

[0020] Fig. 4B illustrates examples of deriving the LM parameter set using more additional neighboring
reconstructed samples from only left, left + left-bottom, or only left-bottom region for the LM parameter
derivation of access restricted LM model.

[0021] Fig. SA illustrates an example of Left+Top LM mode for a luma block and a chroma block.

[0022] Fig. 5B illustrates an example of Left LM mode for a luma block and a chroma block.

[0023] Fig. 5C illustrates an example of Top LM mode for a luma block and a chroma block.

[0024] Fig. 6A illustrates an example of the first candidate (i.¢., the first left line) in the case that two left
neighboring reconstructed samples are allowed.

[0025] Fig. 6B illustrates an example of the second candidate (i.c., the second left line) in the case that two
left neighboring reconstructed samples are allowed.

[0026] Fig. 6C illustrates an example of the second candidate (i.c., both the first and the second left lines)

in the case that two left neighboring reconstructed samples are allowed.
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[0027] Fig. 7A illustrates an example of the first candidate (i.e., the first top line) in the case that two top
neighboring reconstructed samples are allowed.

[0028] Fig. 7B illustrates an example of the second candidate (i.e., the second top line) in the case that two
top neighboring reconstructed samples are allowed.

[0029] Fig. 7C illustrates an example of the second candidate (i.e., both the first and the second top lines) in
the case that two top neighboring reconstructed samples are allowed.

[0030] Fig. 8 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring
reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention.

[0031] Fig. 9 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring
reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention.

[0032] Fig. 10 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring

reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The following description is of the best-contemplated mode of carrying out the invention. This
description is made for the purpose of illustrating the general principles of the invention and should not be taken
in a limiting sense. The scope of the invention is best determined by reference to the appended claims.

[0034] In the linear mode, the chroma predictor uses top and left neighboring reconstructed samples to
denive LM parameters between cross-color components, as shown in Fig. 1. However, in some circumstances,
the top and/or left neighboring reconstructed samples may not be available. In the present invention, various
methods are disclosed to address the issue of unavailable neighboring samples.

[0035] Additional Accessible Neighboring Reconstructed Samples for LM Parameter Derivation

[0036] In some cases, especially at slice or picture boundary, only top or left neighboring samples are
accessible in LM parameter derivation. For example, Fig. 2A illustrates an example for a luma block 210 and
chroma block 220 at the top boundary of a slice or a picture, where the top neighboring samples are across the
restricted boundary (i.e., inaccessible). Fig. 2B illustrates another example for a luma block 230 and chroma
block 240 at the left boundary of a slice or a picture, where the left neighboring samples are across a restricted
boundary (i.e., inaccessible). The inaccessible neighboring samples may induce an issue that the derived LM
parameters arc not accurate enough to characterize the relations between cross-color components. Therefore,
according to one method of the present invention, when left or top neighboring reconstructed samples are not
accessible for the current block, additional neighboring reconstructed samples from the accessible above-side or
accessible left-side of the current block are used in LM parameter derivation. In some embodiments, if at least
some of left neighboring reconstructed samples are not accessible for the current block, the left neighboring
reconstructed samples are determined to be not accessible for the current block. In some embodiments, if at least
some of top neighboring reconstructed samples are not accessible for the current block, the top neighboring
reconstructed samples are determined to be not accessible for the current block. The restricted boundary
mentioned in this invention can be a CTU boundary, slice boundary, tile boundary, tile group boundary, picture
boundary, or any other boundary that causes the limitation or shortage to reference the neighboring reconstructed

samples (i.c., if the limitation or shortage to the neighboring reconstructed samples occurs, the neighboring
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samples are determined to be across a restricted boundary where the limitation or shortage occurs).

[0037] In one embodiment, if one line of top and left neighboring reconstructed samples are normally used
in LM parameter derivation and only top neighboring reconstructed samples are across a restricted boundary
(i.e., inaccessible) for the current block, then two lines of left neighboring reconstructed samples are used in the
LM parameter derivation, as shown in Fig. 3A. In still another embodiment, if only the top neighboring
reconstructed samples are across restricted boundary, then only two or more lines of left neighboring
reconstructed samples are used in the LM parameter derivation.

[0038] In another embodiment, if one line of top and left neighboring reconstructed samples are normally
used in the LM parameter derivation, and only left neighboring reconstructed samples are across a restricted
boundary, then two lines of top neighboring reconstructed samples arc used in the LM parameter derivation, as
shown 1 Fig. 3B. In still another embodiment, if only the left neighboring reconstructed samples are across
restricted boundary, then only two or more lines of top neighboring reconstructed samples are used in the LM
parameter derivation.

[0039] In still another embodiment, if K lines of top and left neighboring reconstructed samples are
normally used in the LM parameter derivation and only top neighboring reconstructed samples are accessible for
the current block, then (K + L) lines of top neighboring reconstructed samples are used in the LM parameter
derivation, where K and L are equal to or larger than 1.

[0040] In still another embodiment, if K lines of top and left neighboring reconstructed samples are
normally used in the LM parameter derivation and only left neighboring reconstructed samples are accessible for
current block, then (K + L) lines of left neighboring reconstructed samples are used in the LM parameter
derivation, where K and L are equal to or larger than 1.

[0041] In another embodiment, if N lines of top and left neighboring reconstructed luma samples are used
in LM parameter derivation, and the top neighboring reconstructed samples are across a restricted boundary,
then & lines of top neighboring luma reconstructed samples are used in LM parameter derivation, where N>k> 0.

[0042] In still another embodiment, if N lines of top and left neighboring reconstructed luma samples are
used in LM parameter derivation, and the left neighboring reconstructed samples are across a restricted
boundary, then % lines of left neighboring luma reconstructed samples are used in the LM parameter derivation,
where N>k> 0.

[0043] In still another embodiment, if the top or left neighboring reconstructed samples are across a
restricted boundary, then the top or left neighboring reconstructed samples are from the unfiltered reconstructed
sample buffer of loop filtering.

[0044] In still another embodiment, if any of neighboring reconstructed samples used in the LM parameter
derivation are across a restricted boundary, then the LM chroma mode is implicitly or explicitly not used.

[0045] Furthermore, if top and left neighboring reconstructed samples are normally used in the LM
parameter derivation, and only top neighboring reconstructed samples are accessible for the current block, then
additional top neighboring reconstructed samples are used in the LM parameter derivation. The additional top
neighboring reconstructed samples can be from only above (410), above + above-right (420), or only above-right
regions (430) of the current block, as located in the dots-filled regions in Fig. 4A.

[0046] Furthermore, if top and left neighboring reconstructed samples are normally used in LM parameter
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denvation, and only left neighboring reconstructed samples are accessible for current block, then more left
neighboring reconstructed samples are used in LM parameter derivation. The additional left neighboring
reconstructed samples can be from only left (440), left + left-bottom (450), or only left-bottom regions (460) of
the current block, as located in the dots-filled regions in Fig. 4B.

[0047] In the above examples, the YUV420 color sub-sampling format has been used to illustrate the LM
parameter derivation process. Nevertheless, the present invention is not restricted to the YUV420 color
sub-sampling format. The present invention may also be applied to other color sub-sampling formats such as
YUV444 and YUV422,

[0048] Neighboring Reconstructed Samples Selection for LM Parameter Derivation in Multi-LM
Chroma Mode

[0049] Multi-LM chroma mode includes Left-Only, Top-Only, Left+Top, and other LM-based chroma
modes, where Left-Only or Top-Only LM mode uses only left or top neighboring reconstructed samples in the
LM parameter derivation, and Left+Top LM mode uses both left and top neighboring reconstructed samples in
the LM parameter derivation. Fig. 5A illustrates an example of Left+Top LM mode for a luma block 510 and a
chroma block 520. Fig. 5B illustrates an example of Left LM mode for a luma block 530 and a chroma block
540. Fig. 5C illustrates an example of Top LM mode for a luma block 550 and a chroma block 560. If left
neighboring reconstructed samples are acrossa restricted boundary (i.e., in accessible) for the current block, then
Left-Only LM mode is implicitly not used in chroma mode decision. The boundary may correspond to a CTU,
slice, tile, tile group, or picture boundary. If top neighboring reconstructed samples arc acrossa restricted
boundary (i.c., inaccessible) for current block, then Top-Only LM mode is implicitly not used in chroma mode
decision. In some embodiments, if at least some of left neighboring reconstructed samples are not accessible for
the current block, the left neighboring reconstructed samples are determined to be not accessible for the current
block. In some embodiments, if at least some of top neighboring reconstructed samples are not accessible for the
current block, the top neighboring reconstructed samples are determined to be not accessible for the current
block.

[0050] In one embodiment, when left or top neighboring reconstructed samples are not accessible for the
current block, then both Left-Only and Top-Only LM modes are not used in chroma mode decision. In this case,
Left+TopLM mode implicitly uses two lines of left neighboring reconstructed samples in the LM parameter
derivation if top neighboring reconstructed samples are not accessible, and two lines of top neighboring
reconstructed samples are used in the LM parameter derivation if left neighboring reconstructed samples are not
accessible.

[0051] In another embodiment, if left neighboring reconstructed samples are not accessible or available for
the current block, then Left-Only LM mode 1s implicitly not used in Multi-LM chroma mode decision, and no
indicator is used to indicate whether Left-Only LM mode is used or not.

[0052] In one embodiment, when left neighboring reconstructed samples cross a restricted boundary, then
both Left-Only and Top-Only LM modes are not used in chroma mode decision. In addition, Left+TopLM mode
implicitly uses more than one lines of top neighboring reconstructed samples in the LM parameter derivation.

[0053] In another embodiment, when top neighboring reconstructed samples cross a restricted boundary,

then both Left-Only and Top-Only LM modes are not used in chroma mode decision. In addition, Left+TopLM
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mode implicitly uses more than one lines of left neighboring reconstructed samples in the LM parameter
derivation.

[0054] In still another embodiment, if left neighboring reconstructed samples cross a restricted boundary,
then Left-Only LM mode is implicitly not used in Multi-LM chroma mode decision, and no indicator is used to
indicate whether Left-Only LM mode is used or not.

[0055] In still another embodiment, if top neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible)for the current block, then Top-Only LM mode is implicitly not used in Multi-LM
chroma mode decision, and no indicator is used to indicate whether Top-Only LM mode is used or not.

[0056] In still another embodiment, when left or top neighboring reconstructed samples are across a
restricted boundary (i.¢., inaccessible)for the current block, then both Left-Only and Top-Only LM modes are
implicitly not used in Multi-LM chroma mode decision, and no indicator is used to indicate whether Left-Only or
Top-Only modes 1s used or not.

[0057] In still another embodiment, when left neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible)for the current block, then Left-Only LM mode is not used in chroma mode decision.
Besides, Top-Only LM mode uses additional top neighboring reconstructed samples than Left+TopLM mode in
LM parameter derivation.

[0038] In still another embodiment, when top neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible)for the current block, then Top-Only LM mode is not used in chroma mode decision.
Besides, Left-Only LM mode uses additional left neighboring reconstructed samples than Left+TopLM mode in
the LM parameter derivation.

[0059] Any of the foregoing proposed methods can be implemented in encoders and/or decoders. For
example, any of the proposed methods can be implemented in an Inter/Intra/Prediction module of an encoder,
and/or anlnter/Intra/Prediction module of a decoder. Alternatively, any of the proposed methods can be
implemented as a circuit coupled to the Inter/Intra/Prediction module of the encoder and/or the
Inter/Intra/Prediction module of the decoder, so as to provide the information needed by the
Inter/Intra/Prediction module.

[0060] Again, in the above examples, the YUV420 color sub-sampling format has been used to illustrate
the LM parameter derivation process. Nevertheless, the present invention is not restricted to the YUV420 color
sub-sampling format. The present mnvention may also be applied to other color sub-sampling formats such as
YUV444 and YUV422.

[0061] Boundary Restrictions for LM parameter derivation when multiple reference lines are
allowed

[0062] When two or more lines of top and left neighboring reconstructed samples are allowed to be used
for deriving LM parameters between cross-color components, and if the above side or left side of the current
block is across a restricted boundary (e.g., CTU, slice, tile, tile group, or picture boundary), the lines of
neighboring reconstructed samples used for linear model derivation should be constrained. In some
embodiments, if at least some of left neighboring reconstructed samples are not accessible for the current block,
the left neighboring reconstructed samples are determined to be not accessible for the current block. In some

embodiments, if at least some of top neighboring reconstructed samples are not accessible for the current block,
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the top neighboring reconstructed samples are determined to be not accessible for the current block.

[0063] In one embodiment, if the top neighboring reconstructed samples are across a restricted boundary
(1.e., mnaccessible), then all the left neighboring reconstructed samples are used in LM parameter derivation.

[0064] In another embodiment, if the top neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible), then all the top neighboring reconstructed samples are implicitly not used in the
LM parameter derivation.

[0065] In still another embodiment, if N lines of top and left neighboring reconstructed luma samples are
used in the LM parameter derivation, and the top neighboring reconstructed samples are across restricted
boundary (i.c., not accessible or not available), then % lines of top neighboring luma reconstructed samples are
jointly used in the LM parameter derivation, where N>k> 0.

[0066] In still another embodiment, if N lines of top and left neighboring reconstructed chroma samples are
used in the LM parameter derivation, and the top neighboring reconstructed samples are across a restricted
boundary (i.c., inaccessible), then & lines of top neighboring chroma reconstructed samples are jointly used in the
LM parameter derivation, where N>k> (.

[0067] In still another embodiment, if the top neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible), then a syntax is used to indicate which left line samples or all left line samples are
used in the LM parameter derivation. For example, if two left neighboring reconstructed line samples are
allowed, a syntax is used to indicate the selection of left line sample candidates, as shown in Fig. 6A for the first
candidate (610 and 620), Fig. 6B for the second candidate (630 and 640), and Fig. 6C for the third candidate (650
and 660).

[0068] In still another embodiment, if the left neighboring reconstructed samples are across a restricted
boundary (i.c., inaccessible), then all the top neighboring reconstructed samples are used in the LM parameter
derivation.

[0069] In still another embodiment, if the left neighboring reconstructed samples are across restricted
boundary (i.e., inaccessible), then all the left neighboring reconstructed samples are implicitly not used in the
LM parameter derivation.

[0070] In still another embodiment, if N lines of top and left neighboring reconstructed luma samples are
used in the LM parameter derivation, and the left neighboring reconstructed samples are across a restricted
boundary (i.¢., inaccessible), then & lines of left neighboring luma reconstructed samples are jointly used in the
LM parameter derivation, where N>k> (.

[0071] In still another embodiment, if N lines of top and left neighboring reconstructed chroma samples are
used in the LM parameter derivation, and the left neighboring reconstructed samples are across a restricted
boundary (i.¢., inaccessible), then £ lines of left neighboring chroma reconstructed samples are jointly used in the
LM parameter derivation, where N>k> 0.

[0072] In still another embodiment, if the left neighboring reconstructed samples are across a restricted
boundary (i.e., inaccessible), then a syntax is used to indicate which top line samples or all top line samples are
used in the LM parameter derivation. For example, if two top neighboring reconstructed line samples are
allowed, a syntax is used to indicate the selection of top line sample candidates, as shown in Fig. 7A for the first

candidate (710 and 720), Fig. 7B for the second candidate (730 and 740), and Fig. 7C for the third candidate (750
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and 760).

[0073] Note that, the top neighboring reconstructed samples mentioned in this invention can from the
above 410, above-right 430, and above + above-right 420, as indicated by the dots-filled regions in 4A. The left
neighboring reconstructed samples can be from the left 440, left-bottom 460, and left + left-bottom 450, as
indicated by the dots-filled regions in 4B.

[0074] In the above examples, the YUV420 color sub-sampling format has been used to illustrate the LM
parameter derivation process. Nevertheless, the present invention i1s not restricted to the YUV420 color
sub-sampling format. The present invention may also be applied to other color sub-sampling formats such as
YUV444 and YUV422,

[0075] Fig. 8 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring
reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention. In a
normal LM mode, an LM coded block uses neighboring reconstructed areas comprising a top area and a left arca
of the LM coded block to derive an LM parameter set of the LM coded block, which is associated with a lincar
model relating luma pixels and chroma pixels of the LM coded block. The top area of the LM coded block
comprises N top lines of top neighboring reconstructed luma samples and the left arca of the LM coded block
comprises N left lines of left neighboring reconstructed luma samples, and N is an integer greater than 1. The
steps shown in the flowchart may be implemented as program codes executable on one or more processors (¢.g.,
one or more CPUs) at an encoder side or decoder side. The steps shown in the flowchart may also be
implemented based hardware such as one or more electronic devices or processors arranged to perform the steps
in the flowchart. According to this method, input data is received at an encoder side or a decoder side in step 810,
where the input data comprise pixel data associated with a current block to be encoded at the encoder side or
compressed data associated with the current block to be decoded at the decoder side. Whether a current top area
or a current left area of the current block is across a restricted boundary is checked in step 820. If the current top
arca or the current left arca of the current block is across a restricted boundary (i.e., the “yes” path from step
820), then steps 830 through 850 are performed. Otherwise (i.¢., the “no” path from step 820), steps 830 through
850 are skipped. In step 830, a current LM parameter set is derived for the current block based on the luma pixels
and the chroma pixels in reduced neighboring reconstructed areas. The reduced neighboring reconstructed arcas
comprise a reduced top arca having less than N top lines of top neighboring reconstructed luma samples if the
current top arca is across the restricted boundary or a reduced left area having less than N left lines of left
neighboring reconstructed luma samples if the current left arca is across the restricted boundary. In step 840, a
cross-color Intra predictor is generated for the chroma pixels of the current block according to the luma pixels of
the current block and the current LM parameters. In step 850, the chroma pixels of the current block are encoded
or decoded using the cross-color Intra predictor.

[0076] Fig. 9 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring
reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention. In a
normal LM mode, an LM coded block normally uses neighboring reconstructed areas comprising a top area and
a left area of the LM coded block to derive an LM parameter set of the LM coded block associated with a linear
model relating luma pixels and chroma pixels of the LM coded block. According to this method, mput data is

received at an encoder side or a decoder side in step 910, where the input data comprise pixel data associated
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with a current block to be encoded at the encoder side or compressed data associated with the current block to be
decoded at the decoder side. Whether a current top arca or a current left arca of the current block 1s across a
restricted boundary is checked n step 920. If the current top area or the current left area of the current block is
across a restricted boundary (i.e., the “ves” path from step 920), then steps 930 through 950 are performed.
Otherwise (i.e., the “no” path from step 920), steps 930 through 950 are skipped. In step 930, a current LM
parameter set is derived for the current block based on the luma pixels and the chroma pixels in a modified
neighboring reconstructed region. The modified neighboring reconstructed region comprises only left
neighboring reconstructed pixels of the current block if the current top area is across the restricted boundary or
only top neighboring reconstructed pixels of the current block if the current left area is across the restricted
boundary. In step 940, a cross-color Intra predictor 1s generated for the chroma pixels of the current block
according to the luma pixels of the current block and the current LM parameters. In step 950, the chroma pixels
of the current block are encoded or decoded using the cross-color Intra predictor.

[0077] Fig. 10 illustrates an exemplary flowchart for LM Intra mode using restricted neighboring
reconstructed pixels for deriving the LM parameters according to an embodiment of the present invention. In a
normal multi-LM mode, the multi-LM modes comprise a Left-only mode using only left neighboring
reconstructed pixels of a multi-LM modes coded block, a Top-only mode using only top neighboring
reconstructed pixels of the multi-LM modes coded block, and a Left+Top mode using both the left neighboring
reconstructed pixels and the top neighboring reconstructed pixels of the multi-LM modes coded block.
According to this method, input data is received at an encoder side or a decoder side i step 1010, where the input
data comprise pixel data associated with a current block to be encoded at the encoder side or compressed data
associated with the current block to be decoded at the decoder side. Whether current left neighboring
reconstructed pixels or current top neighboring reconstructed pixels of the current block are across a restricted
boundary is checked in step 1020. If the current left neighboring reconstructed pixels or current top neighboring
reconstructed pixels of the current block are across a restricted boundary (i.e., the “yes” path from step 1020),
then steps 1030 through 1040 are performed. Otherwise (i.¢., the “no” path from step 1020), steps 1030 through
1040 are skipped. In step 1030, a set of reduced multi-LM modes is derived by excluding the Left-Only mode if
the current left neighboring reconstructed pixels of the current block are across the restricted boundary or
excluding the Top-Only mode if the current top neighboring reconstructed pixels of the current block are across
the restricted boundary. In step 1040, the chroma pixels of the current block are encoded or decoded using the set
of reduced multi-LM modes.

[0078] The flowcharts shown above are intended to illustrate examples of improved LM chroma mode for
a video encoder and a decoder incorporating embodiments of the present invention. A person skilled in the art
may modify each step, re-arranges the steps, split a step, or combine the steps to practice the present invention
without departing from the spirit of the present invention.

[0079] The above description is presented to enable a person of ordinary skill in the art to practice the
present invention as provided in the context of a particular application and its requirement. Various
modifications to the described embodiments will be apparent to those with skill in the art, and the general
principles defined herein may be applied to other embodiments. Therefore, the present invention 1s not intended

to be limited to the particular embodiments shown and described, but is to be accorded the widest scope
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consistent with the principles and novel features herein disclosed. In the above detailed description, various
specific details are illustrated in order to provide a thorough understanding of the present mmvention.
Nevertheless, it will be understood by those skilled in the art that the present invention may be practiced.

[0080] Embodiment of the present invention as described above may be implemented in various hardware,
software codes, or a combination of both. For example, an embodiment of the present invention can be a circuit
integrated into a video compression chip or program code integrated into video compression software to perform
the processing described herein. An embodiment of the present invention may also be program code to be
executed on a Digital Signal Processor (DSP) to perform the processing described herein. The invention may
also involve a number of functions to be performed by a computer processor, a digital signal processor, a
microprocessor, or field programmable gate array (FPGA). These processors can be configured to perform
particular tasks according to the invention, by executing machine-readable software code or firmware code that
defines the particular methods embodied by the invention. The software code or firmware code may be
developed in different programming languages and different formats or styles. The software code may also be
compiled for different target platforms. However, different code formats, styles and languages of software codes
and other means of configuring code to perform the tasks in accordance with the invention will not depart from
the spirit and scope of the invention.

[0081] The invention may be embodied in other specific forms without departing from its spirit or essential
characteristics. The described examples are to be considered in all respects only as illustrative and not restrictive.
The scope of the invention is therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.
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CLAIMS

1.A method of cross-color Intra prediction based on reconstructed pixels, wherein an LM coded block
normally uses neighboring reconstructed arcas comprising a top area and a left area of the LM coded block to
derive an LM parameter set of the LM coded block associated with a linear model relating luma pixels and
chroma pixels of the LM coded block, and the top area of the LM coded block comprises N top lines of top
neighboring reconstructed luma samples and the left arca of the LM coded block comprises N left lines of left
neighboring reconstructed luma samples, and N is an integer selected from a range including a value greater than
1, the method comprising:

receiving input data at an encoder side or a decoder side, wherein the input data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side;

when a current top area or a current left area of the current block is across a restricted boundary:

deriving a current LM parameter set for the current block based on the luma pixels and the chroma pixels in
reduced neighboring reconstructed areas, wherein the reduced neighboring reconstructed areas comprise a
reduced top arca having less than N top lines of top neighboring reconstructed luma samples if the current top
area 1s across the restricted boundary or a reduced left area having less than N left lines of left neighboring
reconstructed luma samples if the current left arca is across the restricted boundary;

generating a cross-color Intra predictor for the chroma pixels of the current block according to the luma
pixels of the current block and the current LM parameters; and

encoding or decoding the chroma pixels of the current block using the cross-color Intra predictor.

2.The method of Claim 1, wherein the restricted boundary corresponds to a CTU (coding trec unit)
boundary, slice boundary, tile boundary, tile group boundary, or picture boundary.

3.The method of Claim 1, wherein N is equal to 2 and the reduced top arca includes 1 top line if the current
top arca is across the restricted boundary or the reduced left area includes 1 left line if the current left arca 1s
across the restricted boundary.

4.The method of Claim 1, wherein reconstructed samples in the reduced top area or the reduced left arca
correspond to unfiltered reconstructed samples without loop filtering.

5.The method of Claim 1, wherein deriving a current LM parameter set for the current block based on the
luma pixels and the chroma pixels in reduced neighboring reconstructed arcas, wherein the reduced neighboring
reconstructed areas comprise a reduced top area having less than N top lines of top neighboring reconstructed
luma samples if the current top area is across the restricted boundary or a reduced left area having less than N left
lines of left neighboring reconstructed luma samples if the current left area is across the restricted boundary.

6.An apparatus for cross-color Intra prediction based on reconstructed pixels in a video encoder or decoder,
wherein an LM coded block normally uses neighboring reconstructed areas comprising a top arca and a left arca
of the LM coded block to derive an LM parameter set of the LM coded block associated with a linear model
relating luma pixels and chroma pixels of the LM coded block, and the top area of the LM coded block comprises
N top lines of top neighboring reconstructed luma samples and the left area of the LM coded block comprises N
left lines of left neighboring reconstructed luma samples, and N is an integer selected from a range including a

value greater than 1, the apparatus comprising one or more electronics or processors arranged to:
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receive input data at an encoder side or a decoder side, wherein the mput data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side;

when a current top area or a current left area of the current block is across a restricted boundary:

derive a current LM parameter set for the current block based on the luma pixels and the chroma pixels in
reduced neighboring reconstructed areas, wherein the reduced neighboring reconstructed areas comprise a
reduced top area having less than N top lines of top neighboring reconstructed luma samples if the current top
area is across the restricted boundary or a reduced left area having less than N left lines of left neighboring
reconstructed luma samples if the current left area is across the restricted boundary;

generate a cross-color Intra predictor for the chroma pixels of the current block according to the luma pixels
of the current block and the current LM parameters; and

encode or decode the chroma pixels of the current block using the cross-color Intra predictor.

7.A method of cross-color Intra prediction based on reconstructed pixels of another color component,
wherein an LM coded block normally uses neighboring reconstructed areas comprising a top arca and a left area
of the LM coded block to derive an LM parameter set of the LM coded block associated with a linear model
relating luma pixels and chroma pixels of the LM coded block, the method comprising;

receiving input data at an encoder side or a decoder side, wherein the input data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side; and

when a current top area or a current left area of the current block is across a restricted boundary:

deriving a current LM parameter set for the current block based on the luma pixels and the chroma pixels in
a modified neighboring reconstructed region, wherein the modified neighboring reconstructed region comprises
only left neighboring reconstructed pixels of the current block if the current top area is across the restricted
boundary or only top neighboring reconstructed pixels of the current block if the current left arca is across the
restricted boundary;

generating a cross-color Intra predictor for the chroma pixels of the current block according to the luma
pixels of the current block and the current LM parameters; and

encoding or decoding the chroma pixels of the current block using the cross-color Intra predictor.

8.The method of Claim 7, wherein said only left neighboring reconstructed pixels of the current block
corresponds to an expanded left area having additional left lines than the left area of the current block; or said
only top neighboring reconstructed pixels of the current block corresponds to an expanded top area having
additional top lines than the top area of the current block.

9.The method of Claim 7, wherein said only left neighboring reconstructed pixels of the current block
corresponds to the left area of the current block; or said only top neighboring reconstructed pixels of the current
block corresponds to the top area of the current block.

10.The method of Claim 9, wherein if said only left neighboring reconstructed pixels of the current block or
said only top neighboring reconstructed pixels of the current block comprise multiple lines, a syntax is signaled
to indicate which line or which lines of said only left neighboring reconstructed pixels of the current block or

said only top neighboring reconstructed pixels of the current block are used for said deriving the current LM
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parameter set for the current block.

11.The method of Claim 7, wherein the top area of the current block corresponds to an above area, an above
and above-right area, or an above-right area of the current block, and the left arca of the current block
corresponds to a left area, a left and left-bottom area, or a left-bottom area of the current block.

12.The method of Claim 7, wherein the restricted boundary corresponds to a CTU (coding tree unit)
boundary, slice boundary, tile boundary, tile group boundary, or picture boundary.

13.An apparatus for cross-color Intra prediction based on reconstructed pixels of another color component
in a video encoder or decoder, wherein an LM coded block normally uses neighboring reconstructed areas
comprising a top area and a left area of the LM coded block to derive an LM parameter set of the LM coded block
associated with a lincar model relating luma pixels and chroma pixels of the LM coded block, the apparatus
comprising one or more electronics or processors arranged to:

receive input data at an encoder side or a decoder side, wherein the input data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side; and

when a current top area or a current left area of the current block is across a restricted boundary:

derive a current LM parameter set for the current block based on the luma pixels and the chroma pixels in a
modified neighboring reconstructed region, wherein the modified neighboring reconstructed region comprises
only left neighboring reconstructed pixels of the current block if the current top area is across the restricted
boundary or only top neighboring reconstructed pixels of the current block if the current left area 1s across the
restricted boundary;

generate a cross-color Intra predictor for the chroma pixels of the current block according to the luma pixels
of the current block and the current LM parameters; and

encode or decode the chroma pixels of the current block using the cross-color Intra predictor.

14.A method of cross-color Intra prediction based on reconstructed pixels using multi-LM modes, wherein
the multi-LM modes comprise a Left-only mode using only left neighboring reconstructed pixels of a multi-LM
modes coded block, a Top-only mode using only top neighboring reconstructed pixels of the multi-LM modes
coded block, and a Left+Top mode using both the left neighboring reconstructed pixels and the top neighboring
reconstructed pixels of the multi-LM modes coded block, the method comprising:

receiving input data at an encoder side or a decoder side, wherein the input data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side;

when current left neighboring reconstructed pixels or current top neighboring reconstructed pixels of the
current block are across a restricted boundary:

deriving a set of reduced multi-LM modes by excluding the Left-Only mode if the current left neighboring
reconstructed pixels of the current block are across the restricted boundary or excluding the Top-Only mode if
the current top neighboring reconstructed pixels of the current block are across the restricted boundary; and

encoding or decoding chroma pixels of the current block using the set of reduced multi-LM modes.

15.The method of Claim 14, wherein the set of reduced multi-LM modes further excludes the Top-Only

mode if the current left neighboring reconstructed pixels of the current block are across the restricted boundary
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and excludes the Left-Only mode if the current top neighboring reconstructed pixels of the current block are
across the restricted boundary.

16.The method of Claim 14, wherein said excluding the Left-Only mode or said excluding the Top-Only
mode is indicated implicitly without signaling an indicator.

17.An apparatus for cross-color Intra prediction based on reconstructed pixels using multi-LM modes in a
video encoder or decoder, wherein the multi-LM modes comprise a Left-only mode using only left neighboring
reconstructed pixels of a multi-LM modes coded block, a Top-only mode using only top neighboring
reconstructed pixels of the multi-LM modes coded block, and a Left+Top mode using both the left neighboring
reconstructed pixels and the top neighboring reconstructed pixels of the multi-LM modes coded block, the
apparatus comprising one or more electronics or processors arranged to:

receive input data at an encoder side or a decoder side, wherein the mput data comprise pixel data
associated with a current block to be encoded at the encoder side or compressed data associated with the current
block to be decoded at the decoder side;

when current left neighboring reconstructed pixels or current top neighboring reconstructed pixels of the
current block are across a restricted boundary:

derive a set of reduced multi-LM modes by excluding the Left-Only mode if the current left neighboring
reconstructed pixels of the current block are across the restricted boundary or excluding the Top-Only mode if
the current top neighboring reconstructed pixels of the current block are across the restricted boundary; and

encode or decode chroma pixels of the current block using the set of reduced multi-LM modes.
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