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Method of Residue Differential Pulse-Code Modulation for HEVC Range

Extension

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  The present invention claims priority to U.S. Provisional Patent Application, Serial No.
61/890,365, filed on October 14, 2013, entitled “Unification and Harmonization of Residue
Differential Pulse-Code Modulation (RDPCM) with Transform-Skip and Residue Rotation for
HEVC Range Extension” and U.S. Provisional Patent Application, Serial No. 61/890,361, ﬁled on
October 14, 2013, entitled *Modifications to the Text Specification of HEVC Range Extension”.

FIELD OF THE INVENTION

[0002]  The present invention relates to RDPCM (Residue Differential Pulse-Code
Modulation) c‘oding for High Efficiency Video Coding (HEVC) Range Extension. In particular,
the present invention relates to Intra RDPCM coding, Intra-block copy (IntraBC) and Inter

RDPCM coding modes for HEVC Range Extension or similar applications.

BACKGROUND AND RELATED ART

[0003] In the current development of range extension (RExt) for High Efficiency Video

Coding (HEVC) standard, gseveral tools have been adopted due to their improvements in coding
efficiency for screen contents, In particular, the residue differential pulse-code modulation

(RDPCM) and residue rotation (RR) tools are utilized for video compression. These tools may be

CA 2923439 2017-08-28
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appled to lossless transform-quantization bypass blocks or lossy transform-skip (TS) blocks. The
“fransform skip” coding mode s a coding mode where the transform process is skipped so that the
residnal is directly quantized and entropy coded. While transform is skipped for a block, other

- processing for a transform-coded block is still applied to the block. Accordingly, scaling is still
applied to the TS block. The two-dimensional block residue needs to be converted into a
one-dimensiorial signal. Accordingly, scanning (e.g., vertical or horizontal scan) is applied to the
residue block. The scanning may also be applied before or after scaling, or after quantization. At
the decoder side, the Inverse TS (inv-TS) will be applied to a coded block. The inv-TS includes
inverse scaling. It is noted that the coding unit (CU) is a basic unit that the coding process’is
applied. The residue is formed for each CU, which is further divided mto blocks named transform
units (TUs) for transform process used in conventional coding process (1.e., non TS), Furthermore,
it is also possible to skip both the transform and the quantization processes to enable lossless

coding of CUs. In the case of lossless coding, loop filtering is also turned oif.

{0004]  For Intra blocks, Intra prediction 18 performed using prediction based on reconstructed
pixels from neighboring blocks. Intra prediction may select an Intra Mode from a set of Inira
Modes, which include a vertical mode, horizontal mode and various angular prediction modes. For
Intra blocks other than the blocks coded by Intra-block copy (IntraBC), the direction of RDPCM
processing depends on the Intra Mode of the underlying block. RDPCM is only applied to Intra
coded blocks using the horizontal and vertical modes along the respective horizontal and vertical
directions. For Inter and IntraBC blocks, the encoder decides whether to use RDPCM by signaling

a flag. The encoder also decides the RDPCM direction by signaling another flag. While RDPCM

for both Intra residue (other than IntraBC) and Inter residue uses horizontal DPCM or vertical

DPCM, there are some differences between Intra RDPCM processing and Inter RDPCM
processing. The selection of prediction direction (i.e., horizontal or vertical) for Intra RDPCM
processing is determined implicitly based on the Intra Mode for the block. On the other hand,

whether to use RDPCM and the prediction direction are determined at the encoder side and the

CA 2923439 2017-08-28
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decision 1s signaled explicitly. In this disclosure, RDPCM processing refers to the DPCM
(Differential Pulse-Code Modulation) procedure applied to a residue signal or processed residue
signal (¢.g., a residue signal processed by TS). RDPCM coding refers to coding method that

includes RDPCM processing.

[0005] Fig. 1 1llustrates an exemplary of lossless vertical RDPCM processing, where the
residue samples of an Intra coded block are subtracted with a vertical neighboring sample except
for the samples 1n the top row to further reduce the redundancy. For a block with N columns and M
rows of samples, let 7; Iz 0<i<M—-1,0< ;<N —1 be the prediction residue after Intra

prcdiction. Assumc that the transform and quantization arc skippced. Losslcss vertical RDPCM

processing 1S applied to the residual samples as follows:

r'

5 ;s =0, 0<j<(N -1 1
’f’J'_’ﬁ,j—r(i_l)J, 1<i<(M—1), 0<j<(N-1). (D

[0006] For RDPCM coding, the DPCM processed residue (1.¢. ) 1s further coded 1nstead

T
of the residue signal (1.e., 7; j) itself. For lossless horizontal RDPCM processing, the subtractions
are performed between a current sample and a left neighboring sample except for samples in the

first column. As for the lossy casc, the residuc differenecs arc subjected to quantization. Equation

(2) 1llustrates an example of lossy vertical RDPCM processing being applied to the residual

samples:

-

FZ.,‘]" iZO, OS]S(N—l) ,
I\ = Oy ) 1SiS(M=1), 0<j<(N-1) )

where, Q(’Zi—l), j) denotes a quantized version of residue sample, #;_y) ;. For Inter RDPCM

processing, residual DPCM 1s applied to Inter coded blocks. Equation (1) 1s also applicable to Inter

RDPCM processing, where the residue signal corresponds to the Inter prediction residue instead of



CA 02923439 2016-03-04

WO 2015/057438 PCT/US2014/059604

the Intra prediction residue for the case of Intra RDPCM. For lossless horizontal RDPCM
processing, the subtractions are performed between a current sample and a left neighboring sample
except for samples 1n the first column. As for the lossy case, the residue differences are subjected

to quantization.

[0007] As for residue rotation (RR), the residue block 1s rotated 180-degree so that 1t will be
likely to have the likely larger DPCM prediction residue 1 the bottom-right corner rotated to the
top-left corner. The rotated DPCM prediction residue will better fit for the entropy coder that was
originally designed for transtform coefficients. Fig. 2 illustrates an example of the RR processing,
whcre the DPCM prediction residuc has some non-zcro (NZ) samplcs 1in the bottom-right corncr.

The NZ samples are rotated to the top-left corner by the RR processing.

[0008] According to the existing RExt practice, the encoding and decoding processes for the
residue vary depending on Inter/Intra and lossy/lossless selections when both RDPCM and RR
processing are invoked. Following 1s the highlight of the corresponding encoding and decoding
processes for the residue signal. The notation “inv-TS” denotes the inverse transform-skip, and

“inv-RDPCM?” denotes the imnverse RDPCM.

|0009] Note that RDPCM 1s invoked only under transform-quantization (transquant) bypass,
or under transform-skip. Also note that Residue Rotation (RR) itself has a separate control flag,
which can be enabled independent from RDPCM. In other words, when RDPCM 1s used, RR can

be on or off; and when RR 1s used, RDPCM can be on or off.

[0010] Encoding process
Intra (excluding Intra-block-copy) encoding:
e [If CU 1s coded in transquant bypass: RDPCM - RR

e [IfTU is coded in transform-skip:  RDPCM - TS-2> RR - quantization

Inter and Intra-block-copy encoding:

o [fCU 1s coded in transquant bypass: RDPCM — RR
4
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e IfTU is coded in transform-skip: TS RR =2 RDPCM =2 quantization

[0011] Decoding process
Intra (excluding Intra-block-copy) decoding:
e IfCU is coded in transquant bypass: RR = inv-RDPCM
o IfTU is coded in transform-skip:  De-quantization = RR =2 inv-TS =2

inv-RDPCM

Inter and Intra-block-copy decoding:
e IfCU is coded in transquant bypass: RR = inv-RDPCM
o IfTU is coded in transform-skip:  De-quantization = inv-RDPCM - RR -

inv-TS

[0012] In the above encoding and decoding process, “‘transquant bypass™ refers to a specific
lossless coding mode, where a lossless coding means bypassing both the DCT transforms and
bypassing quantization is applied. The two processes as highlighted in bold, such as TS=2 RR and
RR -2 inv-TS§, indicates that they are bundled together. For software based implementation, RR
can be performed within the TS and inv-TS functions. The decoding process inconsistency
increases implementation difficulty. Therefore, 1t 1s desirable to harmonize and unify the decoding

process for the combinations of RDPCM and RR.

[0013] In the existing RExt of HEVC, the Inter-RDPCM 1s applied only to Inter blocks. The
IntraBC residue 1s formed between a current block and a reterence block m the same picture 18
rcgardcd as an Intra block. Therctore, Intcr-RDPCM 1s not applicd to blocks proccssed by IntraBC
prediction mode. On the other hand, the blocks coded 1n IntraBC prediction mode doesn’t use
horizontal or vertical Intra Mode, theretore these blocks are not processed by Intra RDPCM either.
It 18 desirable to develop coding scheme to improve performance for blocks processed by IntraBC

prediction mode.
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BRIEF SUMMARY OF THE INVENTION

[0013a] According to an embodiment, there is provided a method of RDPCM (Residue
Differential Pulse-Code Modulation) coding for a block of a picture, the method comprising:
receiving input data associated with a current block; determining a prediction mode for the
current block, wherein the prediction mode is selected from a first group comprising an Intra
prediction mode and at least one of an Inter prediction mode and an IntraBC (Intra-block
copy) prediction mode; determining a coding mode for the current block, wherein the coding
mode is selected from a second group comprising a transquant bypass mode (transform-
quantization bypass mode) and a TS mode (transform-skip mode); and applying first RDPCM
encoding or decoding to the current block when the current block 1s coded using the Intra
prediction mode, and applying second RDPCM encoding or decoding to the current block
when the current block is coded using the Inter prediction mode or the IntraBC prediction
mode, wherein the first RDPCM encoding and the second RDPCM encoding use same
encoding steps applied in a same encoding processing order, and the tirst RDPCM decoding
and the second RDPCM decoding use same decoding steps applied in a same decoding

processing order.

[0014] A method of RDPCM (Residue Differential Pulse-Code Modulation) coding
incorporating unified Intra and Inter RDPCM coding according to the present invention 1s
disclosed. A prediction mode for the current block 1s determined, where the prediction mode 1s
selected from a first group comprising an Intra prediction mode and at least one of an Inter
prediction mode and an IntraBC mode (Intra-block copy mode). A coding mode 1s also
determined for the current block, where the coding mode is selected from a second group
comprising a transquant bypass mode (transform-quantization bypass mode) and a TS
(transform-skip) coding mode. One embodiment of the present invention unifies the RDPCM
coding process between the Intra mode and Inter/IntraBC prediction mode. Accordingly, when
the current block is coded using the Intra prediction mode, first RDPCM encoding or decoding
1s applied to the current block. When the current block 1s coded using the Inter prediction mode
or the IntraBC prediction mode, second RDPCM encoding or decoding 1s applied to the current
block. The first RDPCM encoding and the second RDPCM encoding use same encoding steps

CA 2923439 2017-08-28
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applied in the same encoding processing order. Also, the first RDPCM decoding and the

sccond RDPCM decoding use same decoding steps applied in the same decoding processing

order.

[0015]  For the transquant bypass mode, the same encoding steps may comprise RR
(residue rotation) processing and RDPCM processing, and the same decoding steps may
comprise the RR processing and inverse RDPCM processing. The encoding processing order
may correspond to the RR processing followed by the RDPCM processing, and the decoding
processing order may correspond to the inverse RDPCM processing followed by the RR

processing.

[0016]  For the TS coding mode, the same encoding steps may comprise TS processing, RR
(residue rotation) processing, RDPCM processing and quantization processing, and the same
decoding steps may comprise de-quantization processing, inverse RDPCM processing, the RR

processing and inverse TS processing. The encoding processing order may correspond to the

6a
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RDPCM processing followed by the TS processing and the RR processing in order, and the
decoding processing order corresponds to the RR processing followed by the inverse TS
processing and the inverse RDPCM processing m order. In another embodiment, the encoding
processing order may correspond to the TS processing followed by the RDPCM processing and
the RR processing in order, and the decoding processing order may correspond to the RR

processing followed by the inverse RDPCM processing and the inverse TS processing in order.

[0017] In another embodiment, Inter RDPCM coding 1s extended to blocks coded in the
IntraBC prediction mode. In other words, the IntraBC residue 1s treated as 1f 1t were Inter
prcdiction residuc and Intcr RDPCM processing with vertical or horizontal prediction dircction 1s

applied to IntraBC residue or processed IntraBC residue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 illustrates an example of RDPCM (Residue Differential Pulse-Code Modulation)

processing in the vertical direction.

[0019] Fig. 2 1llustrates an example of the residue rotation processing that rotates the likely

large residue at the lower right corner to the upper left corner.

[0020] Fig. 3 illustrates a flowchart of an exemplary system incorporating an embodiment of
the present invention to unify RDPCM coding among Intra prediction, Inter prediction and

Intra-block copy modes.

[0021] Figs. 4A-4C 1llustrate unified RDPCM decoding corresponding to three embodiments

of the present invention.

10022] Fig. 5 1llustrates a flowchart of an exemplary encoding system incorporating an
cmbodiment of the present invention to cxtend Intcr RDPCM coding to blocks coded using the

Intra-block copy mode.
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10023 ] Fig. 6 1llustrates a flowchart of an exemplary decoding system incorporating an

embodiment of the present invention to extend Inter RDPCM coding to blocks coded using the

Intra-block copy mode.

DETAILED DESCRIPTION OF THE INVENTION

[0024] In order to reduce the complexity due to processing dependency on Inter/Intra and
lossy/lossless modes for residue differential pulse-code modulation (RDPCM) coding,

embodiments according to the present invention use unified RDPCM coding process for

Intcr/Intra and lossy/losslcss modcs.

[0025] First Embodiment - Modifying Inter/IntraBC lossy process to align with other

Cases

[0026] Based on the decoding process described earlier, i1t 1s noted that the Inter/IntraBC
lossy (1.¢., transform-skip mode) process 1s a special case, where inv-RDPCM 1s performed before
RR and inv-TS. Accordingly, the first embodiment 1s to modity only this case to be unified with

other cases, as the following:

Unificd RDPCM coding, Mcthod 1:
e Encode: If TU is coded using transform-skip: RDPCM - TS =2 RR = quantization

e Decode: If TU is coded using transform-skip: De-quantization 2 RR =2 inv-TS -

mmv-RDPCM

[0027]  Note that Residue Rotation (RR) 1tself has a separate control flag, which 18 not bundled

with RDPCM.

|0028] Accordingly, inv-RDPCM will always be the last step 1in the decoding process of the
rcsiduc signal rcgardless of Inter/Intra or lossy/losslcss. This will simplify the decoding proccess.
As for the encoder, RDPCM will always be performed first, followed by TS (if lossy case), which

8
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applies left-shift (1.¢., scaling) to the residue and applies rotation and quantization afterward.

10029] Second Embodiment - Harmonizing all cases towards Inter/IntraBC lossy process

[0030] An alternative approach to the first Embodiment 1s to harmonize all other cases with
the Inter/IntraBC lossy process. In other words, in the residue decoding process, RR and inv-TS

are moved to affer mv-RDPCM. In the encoder side, TS and RR are moved to before RDPCM.

The corresponding processes are shown as follows:

Unitied RDPCM coding, Method 2:

e Encoding process
- If CU 18 coded using transquant bypass: RR = RDPCM
- If TU 158 coded using transform-skip: TS 2 RR - RDPCM = quantization

e Deccoding process

- If CU 1s coded using transquant bypass: mv-RDPCM - RR
- If TU 1s coded using transtorm-skip: De-quantization = inv-RDPCM - RR

- inv-TS

[0031] Notc that Rcsiduc Rotation (RR) 1tsclf has a scparatc control flag, which 18 not bundlcd

with RDPCM.

[0032] In the second Embodiment of unified RDPCM processing, since TS (left-shift)
operation 18 performed first at the encoder side for the residue block, the subsequent row-by-row /
column-by-column RDPCM and quantization will operate on a higher precision domain.
Theretore, the second Embodiment may lead to improved coding etficiency in terms of BD-rate

which 1s a well-known performance measure for video coding.

[0033] Third Embodiment - Decoding process with RR =2 inv-RDPCM -2 inv-TS

(encoder: TS 2 RDPCM -2 RR)
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10034] While placing TS before RDPCM at the encoder side may provide better coding
ctficiency, the third Embodiment further considers the impact of RR with RDPCM especially on
Intra blocks. The effectiveness of Intra RDPCM comes from the exploiting redundancy in the
residue along the Intra prediction direction. For example, the Intra RDPCM vertical mode exploits
the vertical redundancy by subtracting residues row-by-row. The bottom row 18 likely to have
larger largest residue. If RR 1s performed before RDPCM at the encoder side, the likely largest
residue at the bottom row will be rotated to the top row. This could not benefit from RDPCM.
Thus, 1n the third Embodiment, the bundling of TS>RR and RR—=2>1nv-T8 1s separated, which
leads to encoding/decoding process with RDPCM/inv-RDPCM in between TS>RR and

RR=21mv-TS respectively. The corresponding processes are as shown as follows:
Unified RDPCM coding, Method 3:

e Encoding process
- If CU 18 coded using transquant bypass: RDPCM = RR
- If TU 1s coded using transform-skip: TS - RDPCM - RR -2 quantization

e Decoding process
- 1f CU 1s coded using transquant bypass: RR = inv-RDPCM
- If TU 1s coded using transtorm-skip: De-quantization 2 RR =2 inv-RDPCM

-2 1nv-TS

[0035] Note that Residue Rotation (RR) itself has a separate control flag, which 18 not bundled

with RDPCM.

[0036] In order to improve the performance for blocks coded by the IntraBC prediction mode,

another aspect of the present invention extends the Inter-RDPCM to blocks coded by the IntraBC

prediction mode.

10037] Fourth Embodiment - Extending Inter-RDPCM to IntraBC blocks

10
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|003%] In order to extend Inter-RDPCM coding process to IntraBC predicted blocks for the
Range Extension of HEVC, parsing of syntax RDPCM On/Oft flags and RDPCM direction flags
need to be included for IntraBC blocks. Furthermore, the RDPCM processing needs to be invoked.

An example of syntax modification to support the fourth Embodiment is shown i Table 1.

Table 1

residual coding( x0, y0, log2TratoSize, cldx ) { Descrip. | Note

if( transform skip enabled flag && !cu transquant bypass flag &&
( log2TratoSi1zc <= Log2MaxTransformSkipSizc ) )

transform_skip flag[ x0 ][ y0 ][ cldx ] ac(V)

it( ( ( CuPredMode[x0][y0] == MODE INTER && (1)
esidual dpcm inter enabled flag) || ( CuPredModef x0 ][ y0] == MODE INTRA
&& intra be flagf x0 [[ y0 ] && residual dpcm intra enabled flag ) ) &&
( transform_skip flag[ x0 ][ yO ][ cIdx ] || cu_transquant bypass tlag) ) {

inter rdpem flag[ x0 ][ yO ][ cldx ] ae(v)

if( inter rdpecm flag[ x0 ][ yO ][ cldx ] )

inter rpdcm_dir flag[ x0 ][ y0 ][ cldx ] ae(v)

l
J

1f( cu transquant bypass flag
| ( CuPredMode[ xC ][ yC ] == MODE INTRA &&
residual dpcm intra enabled flag && transform skip flag[x0][y0][cldx] &&
( predModeIntra == 10 || predModeIntra == 26 ))
|| ( CuPrcdModc| xC ][ yC ] == MODE INTER &&
residual dpcm inter enabled flag && inter rdpem flag[ x0 |[ yO ][ cldx ])
|| ( CuPredModel xC [[ yC ] == MODE INTRA && (2)
intra_bc flag{ x0 ][ y0] && inter rdpcm flagf x0 ][ y0 ][ cldx ]) )

signHidden = 0

else

signHidden = ( lastSigScanPos — firstSigScanPos > 3 )

ac(v)

11
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|0039] As shown in Note (1) of Table 1, additional texts (1in Bold Italic) have been added to the
syntax to extend Inter RDPCM to blocks coded by IntaBC mode. In particular, the new text,
“(CuPredMode[ x0 ][ yY0 ] == MODE INTRA && intra bc flag[ x0 ][ y0 ] &&

residual dpem intra enabled flag )” is related to extending the Inter RDPCM coding to IntraBC
predicted mode, where MODE INTRA having a value of 1 indicates the block 1s coded in Intra
prediction mode, intra bc flag[ x0 ][ y0 ] having a value of 1 indicates the block is IntaBC coded,
and residual dpcm intra enabled flag having a value of 1 indicates that RDPCM 1s enabled for
Intra prediction mode. As shown 1n Note (2) of Table 1, additional texts (in Bold Italic) have been
added to the syntax to extend Inter RDPCM coding to blocks coded by IntaBC mode. In particular,
the new text, “( CuPredMode[ xC ][ yC ] == MODE INTRA && intra bc flag] x0 ][ y0 ] &&
inter rdpecm_flag| x0 ][ yO ][ cldx ])” 1s related to extending the Inter-RDPCM coding to IntraBC
prediction mode, where inter rdpem  flag[ x0 ][ yO ][ cldx | having a value of 1 indicates that

RDPCM 1s enabled for Intra prediction mode.

[0040] The practice of extending Inter-RDPCM coding to IntraBC blocks according to the

present invention can be applied to the luminance residual blocks as well as chrominance residual

blocks.

10041] Fifth Embodiment - Simplifying CU-level transquant bypass signalling with an
PPS tlag

[0042] In the current HEVC range extension specification, an encoding parameter from the
configuration file 1s used for lossless coding conditions. When the lossless conditions are asserted,
all CUs 1n the associated picture/slice will be coded using the transquant bypass mode. At the
decoder side, a flag, cu transquant bypass flag is parsed for each CU even though the coding

conditions already force every CU to be coded using the transquant bypass mode.

[0043] An cmbodiment of the present invention overcomes the 1ssuc by avoiding the
redundant parsing process using a picture level flag. When such lossless coding conditions are
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asscrted, the following changes are made to the CU-level parsing of cu transquant bypass flag
according to an embodiment of the present invention as shown in Table 2. In addition, a PPS
(picture parameter set) flag (1.¢., force cu transquant bypass flag)is used to indicate that all CUs

in the associated picture are coded using the transquant bypass mode as shown 1in Table 3.

Table 2
coding unit( x0, y0, log2CbSiz¢ ) { Descriptor
if( transquant bypass enabled flag && !force cu transquant bypass flag )
cu transquant bypass flag ae(v)
1
s
Table 3
pic_parameter set rbsp() Descriptor
u(l)
transquant bypass enabled flag u(l)

if(transquant_bypass enabled flag)

force cu transquant bypass flag u(l)

o’

10044] As shown 1n Table 2, the flag, cu transquant bypass flag is parsed only when both the
transquant bypass mode 1s enabled (1.¢., transquant bypass enabled flag == 1) and the CU 1s not
forced to use the transquant bypass mode (1.€., force cu transquant bypass flag == 0).

Accordingly, the redundant syntax element parsing for cu transquant bypass flag can be avoided.

[0045]  As shown in Table 3, a flag (i.e., force cu transquant bypass tlag) is present in the
PPS to indicate whether all CUs 1n the associated picture are coded using the transquant bypass
mode. This flag 1s present when the transquant bypass mode 1s enabled as indicated by
transquant bypass e¢nabled flag. When force cu transquant bypass flag equals to 1,

cu transquant bypass flagisnot present and cu transquant bypass flagis inferred to be 1. When
force cu transquant bypass flag equals to 0, cu transquant bypass flag 1s present. If

force cu transquant bypass flag 1s not present, it 1s inferred to be equal to 0.
13
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10046 ] The performance of a system incorporating the fourth Embodiment of the present
invention 1S compared to that of a conventional system. Table 4 1llustrates the performance
comparison conducted under the test condition specified in document JCTVC-N1123 (Ankur
Saxena, et al., “HEVC Range Extensions Core Experiment 3 (RCE3): Intra Prediction
techniques’”, Jomt Collaborative Team on Video Coding (JCT-VC) of ITU-T SG 16 WP 3 and
ISO/IEC JTC 1/SC 29/WG 11, 14th Meeting: Vienna, Austria, 25 Jul. — 2 Aug. 2013, Document:
JCTVC-N1123). In the performance comparison, the software base 1s HM-12.0 (HEVC Test
Model, version 12.0). The reference 1s with Inter-RDPCM extended to IntraBC blocks as
reterence. The test data disallows Inter-RDPCM to IntraBC blocks. The comparisons are
performed based on various test materials as listed in column 1. The improvement in bitrate
according to an embodiment of the present invention over the conventional approach 1s shown for
various system configurations including All Intra HE (High Efficiency) Main-tier, All Intra HE
High-tier, and All Intra HE Super High-tier. As shown in Table 4, when Inter-RDPCM 18
disallowed for IntraBC blocks, the bitrate increase 1s more noticeable for screen content test

materials (1.¢., SC(444) GBR and SC(444) YUV), where the increase is up to 5.2%. The encoding and

decoding times are about the same.

Table 4
All Intra HE All Intra HE All Intra HE
Mai-tier High-tier Super-High-tier
Y U V Y U V Y U A%

Class F 0.5% 03% 03% | 04% 0.3% 0.1% | 03% 03%  0.3%
Class B 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0%  0.0%
SC RGB 444 1.1% 1.1% 1.1% | 1.3% 13% 02% | 1.3% 12% 1.2%
Animation RGB 444 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
SC YUV 444 09% 08% 08% | 0.9% 0.8% 03% | 09% 0.8%  0.8%
Animation YUV 444 0.0% 0.1% 00% | 0.0% 0.1% 0.0% | 0.0% 0.0%  0.0%
RangeExt 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0%  0.0%
SC(444) GBR Optional | 3.9% 4.1% 4.2% | 4.7% 51% 01%|51% 5.2% 5.1%
SC(444) YUV Optional | 2.9% 2.7% 2.8% | 3.2% 3.2% 02% | 3.5% 3.7% 3.5%

Enc Time[%] 99% 99% 99%

Dec Time[%] 100% 100% 100%
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10047 ] The performance of systems incorporating two embodiments of the present invention
for unified Intra and Inter coding 1s compared to cach other. The first system corresponds to the
first embodiment and the second system corresponds to the third embodiment. Tables 5-7 1llustrate
the performance comparison conducted under the test condition specified in document
JCTVC-N1123. The first embodiment 18 used as an anchor system for performance comparison
and a negative value 1n the table implies the second system performs better than the first system.
Table 5 1llustrates the results for various system configurations including All Intra HE (High
Efficiency) Main-tier, All Intra HE High-tier, and All Intra HE Super High-tier. The third
embodiment shows slight improvement 1n bitrate over the first embodiment. Table 6 illustrates the
results for Random Access HE Main-tier and Random Access HE High-tier. The third
embodiment shows slight improvement in bitrate over the first embodiment. Table 7 1llustrates the
results for Low-delay B HE Main-tier and Low-delay B HE High-tier. The third embodiment
shows slight improvement in bitrate over the first embodiment. The encoding and decoding times

are about the same for all cases.

Table S
All Intra HE All Intra All Intra HE
Main-tier HE High-tier Super-High-tier
Y U \Y Y U \Y Y U \Y
Class F 0.0% 0.0% -0.1% 1| 0.0% 0.0% -0.1% | 0.0% 0.0% -0.1%
Class B 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% ().0%
SC RGB 444 0.0% 0.0% 0.0% | 0.0% -0.1% -0.1% | -0.2% -0.2% -0.2%
nimation RGB 444 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
SC YUYV 444 -0.1% 0.0% 0.0% | -0.1% -0.1% -0.1% | -0.2% -0.2% -0.1%
nimation YUV 444 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
RangeExt 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%

SC(444) GBR Optional | -0.1% -0.1% -0.1% | -0.2% -0.3% -0.3% | -0.7% -0.5% -0.5%
SC(444) YUV Optional| 0.0% 0.0% -0.2% | -0.1%  0.0% -0.3% | -0.3% -0.3% -0.4%

Enc Time[%] 99% 99% 09%
Dec Time[%] 98% 99% 08%
Table 6
Random Access HE Random Access HE
Main-tier High-tier
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Y U V Y U V

Class F 0.0%  0.0% -0.1%]| 0.0% 0.0% -0.1%
Class B 0.0% 0.0% 0.0% ] 0.0% 0.0% 0.0%
SC RGB 444 -0.2% -03% 0.0% | -0.2% -0.3% -0.2%
Animation RGB 444 0.0% 0.0% 00% | 00% 0.0% 0.0%
SC YUV 444 -04% -03% 0.0% | -0.4% -0.3% -0.3%
Animation YUV 444 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
RangeExt 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0%
SC(444) GBR Optional -0.4% -04% -0.1%| -0.4% -0.5% -0.4%
SC(444) YUV Optional 0.0% -03% -0.2%]| -0.1% -0.4% -0.3%

Enc Time[% 100% 100%

Dec Time[%] 100% 100%

Table 7
Low-delay B HE Low-delay B HE
Main-tier High-tier
Y U \Y Y U A%

Class F 0.1% 0.3%  0.2% 0.1% 02% 0.1%
Class B 0.0% 02% -02% | 0.0% 0.1%  0.0%
SC RGB 444 0.1%  0.0%  0.0% | -0.1% 0.0% -0.1%
Animation RGB 444 0.0% 0.0%  0.0% 0.0%  0.0%  0.0%
SC YUV 444 -0.4% -0.6% -0.5% | -0.6% -0.8% -0.6%
Animation YUV 444 0.0% 0.1%  0.0% 0.0%  0.0% -0.1%
RangeExt 0.0% 0.0%  0.0% 0.0% 0.0%  0.0%
SC(444) GBR Optional 1.3%  1.3% 1.2% 0.6% 0.7%  0.6%
SC(444) YUV Optional | 1.5%  1.7% 1.5% 2.1% 22%  2.2%

Enc Time[%] 100% 100%

Dec Time[%] 100% 100%

[0048] The performance of systems incorporating two embodiments of the present invention

for unified Intra and Inter coding 1s compared to each other. The first system corresponds to the

tirst embodiment without residue rotation and the second system corresponds to the third

embodiment without residue rotation. Tables 8-10 1llustrate the performance comparison

conducted under the test condition specified in document JCTVC-N1123. The first embodiment

without residue rotation 1s used as an anchor system for performance comparison. Table

illustrates the results for various system configurations including All Intra HE (High Efficiency)

Main-tier, All Intra HE High-tier, and All Intra HE Super High-tier. The third embodiment without

residue rotation shows slight improvement 1n bitrate over the first embodiment without residue
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rotation. Table 9 1llustrates the results for Random Access HE Main-tier and Random Access HE
High-tier. The third embodiment without residue rotation shows slight improvement 1n bitrate over
the first embodiment without residue rotation. Table 10 illustrates the results for Low-delay B HE

Main-tier and Low-delay B HE High-tier. The third embodiment without residue rotation shows
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slight improvement 1n bitrate over the first embodiment without residue rotation. The encoding

and decoding times are about the same for all cases.

Table 8
All Intra HE All Intra HE All Intra HE
Main-tier High-tier Super-High-tier
Y U V Y U V Y U V
Class F 0.0% 0.0% 0.0% 0.0% 0.0% -0.1910.0% 0.0% -0.1%
Class B 0.0% 0.0% 0.0% 0.0% 0.0%  0.0% [0.0% 0.0% 0.0%
SC RGB 444 0.0% 0.0% 0.0% -0.1% -0.1% -0.1% |-0.2% -0.2% -0.2%
nimation RGB 444 0.0% 0.0% 0.0% 0.0% 0.0%  0.0% [|0.0% 0.0% 0.0%
SC YUV 444 -0.1% 0.0% 0.0% -0.1% -0.1% -0.1% [-0.2% -0.2% -0.1%
nimation YUV 444 0.0% 0.0% 0.0% 0.0% 0.0%  0.0% 10.0% 0.0% 0.0%
angcExt 0.0% 0.0% 0.0% 0.0% 0.0%  0.0% 10.0% 0.0% 0.0%
SC(444) GBR Optional |-0.1% -0.2% -0.2% | -0.3% -0.3% -0.3% |-0.7% -0.5% -0.5%
SC(444) YUV Optional|-0.1% 0.0% -0.1% | -0.1% 0.0% -0.2%}-0.3% -0.3% -0.3%
Enc Time[%] 101% 101% 101%
Dec Time[%] 101% 101% 100%
Table 9
Random Access HE Random Access HE
Main-tier High-tier
Y U V Y V

Class F 0.0% -0.1% -0.1%] 0.0% 0.0%  0.0%

Class B 0.0% 0.1% 0.1% | 0.0% 0.1%  0.0%

SC RGB 444 -0.1% -0.1% -0.1%] 0.0% -0.1% -0.1%

Animation RGB 444 0.0% 0.0% 00% | 00% 0.0%  0.0%

SC YUV 444 -0.1% 0.0%  0.0% | -0.1% 0.0%  0.0%

Animation YUV 444 0.0% -0.1% 0.0% | 0.0% -0.1% 0.0%

RangeExt 0.0% 0.0% 0.0% | 0.0% 0.0%  0.0%

SC(444) GBR Optional | -0.3% -0.3% -0.2%] -0.4% -04% -0.3%

SC(444) YUV Optional | 0.0%  0.0%  0.0% | -0.1% -02% -0.2%

Enc Time[%] 102% 102%
Dec Time([%] 105% 105%
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Table 10
Low-delay B HE Low-delay B HE
Main-tier High-tier
Y U V Y U Vv

Class F 0.1% 0.0% -0.1% | 0.0%  0.1% -0.2%
Class B 0.0% 0.0% 0.2% 0.0%  0.0% 0.0%
SC RGB 444 0.2% 0.1% 0.0% 0.0% -0.1% -0.1%
Animation RGB 444 0.0% -0.1%  -0.1% | 0.0%  0.0% 0.0%
SC YUV 444 -0.1%  -0.2%  -0.1% | 0.2%  0.1% 0.1%
Animation YUYV 444 0.0% 0.1% 0.0% 0.0%  0.1% 0.0%

[0049] Fig. 3 illustratcs a tflowchart of an cxcmplary systcm incorporating an cmbodiment of
the present invention to unify RDPCM coding among Intra prediction, Inter prediction and
Intra-block copy. The system receives input data associated with a current block as shown 1n step
310. For encoding, the mput data corresponds to pixel data to be encoded. For decoding, the input
data corresponds to coded pixel data to be decoded. The input data may be retrieved from memory
(e.g., computer memory, buffer (RAM or DRAM) or other media) or from a processor. A
prediction mode 1s determined for the current block as shown 1n step 320, where the prediction
mode 18 selected from a first group comprising an Intra prediction mode and at Ieast one of an Inter
prcdiction modc and an IntraBC prcdiction modce (Intra-block copy modc). A coding modc for the
current block 1s determined as shown 1n step 330, where the coding mode 1s selected from a second
group comprising a transquant bypass mode (transform-quantization bypass mode) and a TS
coding mode (transform-skip coding mode). In step 340, first RDPCM coding 1s applied to the
current block when the current block 1s coded using the Intra prediction mode; and second
RDPCM coding is applied to the current block when the current block 1s coded using the Inter
prediction mode or the IntraBC prediction mode. The first RDPCM coding and the second

RDPCM coding use the same coding steps applied 1n the same coding processing order.

[0050] Figs. 4A through 4C illustrate unified decoding process for the first embodiment
through the third embodiment respectively. Fig. 4A corresponds to the unified decoding process

for the first embodiment. As shown in Fig. 4A, the de-quantization processing (410) 1s applied
13
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first, followed by the optional residue rotation (420), inverse transform-skip (430) and
mverse-RDPCM (440) 1n order. Fig. 4B corresponds to the unitied decoding process for the
second embodiment. As shown in Fig. 4B, the de-quantization processing (410) 1s applied first,
followed by inverse-RDPCM (440), optional residue rotation (420) and inverse transform-skip
(430) 1 order. Fig. 4C corresponds to the unified decoding process for the third embodiment. As
shown 1n Fig. 4C, the de-quantization processing (410) 1s applied first, followed by the optional

residue rotation (420), inverse-RDPCM (440) and inverse transform-skip (430) in order.

[0051] Fig. 5 1llustrates a flowchart of an exemplary encoding system mcorporating an
cmbodiment of the present invention to cxtend Intcr RDPCM coding to blocks coded using the
Intra-block copy mode. Input data associated with a current block in a current picture is received in
step 510. IntraBC residue (Intra-Block Copy residue) for the current block 1s derived based on the
current block and a reterence block in the current picture in step 520. A RDPCM on/oft flag and a
RDPCM prediction direction tlag for the IntraBC residue are determined n step 530. According to
the determined RDPCM on/ofT flag, lossy or lossless encoding with or without RDPCM 1s applied
to the IntraBC residue or processed IntraBC residue 1n step 540. When the determined RDPCM
on/oftf flag 1s on, the lossy or lossless RDPCM encoding includes RDPCM processing according to

the RDPCM prediction direction tlag.

[0052] Fig. 6 illustrates a flowchart of an exemplary decoding system incorporating an
embodiment of the present invention to extend Inter RDPCM coding to blocks coded using the
Intra-block copy mode. Coded bitstream associated with a current block 1n a current picture 1s
received in step 610. A RDPCM on/off flag and a RDPCM prediction direction flag for the current
block 1s determined from the coded bitstream in step 620. Inter coded residue data is parsed from
the coded bitstream in step 630. According to the determined RDPCM on/off flag, lossy or lossless
decoding with or without RDPCM 1s applied to the coded residue data to derive reconstructed
IntraBC rcsiduc or rcconstructed-proccsscd IntraBC residuc 1n step 640. When the determined

RDPCM on/oft tlag 1s on, the lossy or lossless RDPCM decoding includes inverse RDPCM
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processing according to the determined RDPCM prediction direction flag. Reconstructed current
block 1s derived based on a reference block in the current picture and either the reconstructed

IntraBC residue or the reconstructed-processed IntraBC residue 1n step 650,

[0053] The flowcharts shown above are intended to 1llustrate examples of unified Inter/Intra
RDPCM, extending Inter RDPCM to blocks coded 1n the IntraBC prediction mode, according to
the present invention. A person skilled 1n the art may modify each step, re-arranges the steps, split
a step, or combine steps to practice the present invention without departing from the spirit of the

present invention.

[0054] The above description is presented to enable a person of ordinary skill in the art to
practice the present invention as provided 1n the context of a particular application and 1ts
requirement. Various modifications to the described embodiments will be apparent to those with
skill 1n the art, and the general principles defined herein may be applied to other embodiments.
Therefore, the present invention 18 not intended to be limited to the particular embodiments shown
and described, but 1s to be accorded the widest scope consistent with the principles and novel
features herem disclosed. In the above detailed description, various specific details are 1llustrated
in order to provide a thorough understanding of the present invention. Nevertheless, 1t will be

undcrstood by thosc skilled 1n the art that the present invention may be practiced.

[0055] Embodiment of the present invention as described above may be implemented 1n
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
mtegrated 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 herem. The mvention may also mvolve 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
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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 1n accordance with the invention will not depart from the spirit and scope

of the mvention.

10056] The invention may be embodied 1n other specific forms without departing from 1ts

spirit or ¢sscntial characteristics. The desceribed cxamplcs arc to be considered 1n all respects only
as 1llustrative and not restrictive. The scope of the invention 1s 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 RDPCM (Residue Differential Pulse-Code Modulation) coding

for a block of a picture, the method comprising:
rece1ving input data associated with a current block;

determining a prediction mode for the current block, wherein the prediction
mode 1s selected from a first group comprising an Intra prediction mode and at least

one of an Inter prediction mode and an IntraBC (Intra-block copy) prediction mode;

determining a coding mode for the current block, wherein the coding mode 1s
selected from a second group comprising a transquant bypass mode (transform-

quantization bypass mode) and a TS mode (transform-skip mode); and

applying first RDPCM encoding or decoding to the current block when the
current block 1s coded using the Intra prediction mode, and applying second RDPCM
encoding or decoding to the current block when the current block is coded using the
Inter prediction mode or the IntraBC prediction mode, wherein the first RDPCM

encoding and the second RDPCM encoding usc same encoding steps applied in a same

encoding processing order, and the first RDPCM decoding and the second RDPCM

decoding use same decoding steps applied 1n a same decoding processing order.

2. The method of Claim 1, wherein the same encoding steps comprise TS
processing, RDPCM processing and quantization processing, and the same decoding
steps comprise de-quantization processing, inverse RDPCM processing, inverse TS

processing when the current block 1s coded using the TS mode.

3. The method of Claim 2, where said same encoding processing order corresponds
to the RDPCM processing followed by the TS processing and an optional RR (residue
rotation) processing in order, and said same decoding processing order corresponds to the
optional RR processing followed by the inverse TS processing and the inverse RDPCM

processing in order.
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4. The method of Claim 2, wherein said same encoding processing order corresponds
to the TS processing followed by the RDPCM processing and an optional RR processing in
order, and said same decoding processing order corresponds to the optional RR processing

followed by the inverse RDPCM processing and the inverse TS processing 1n order.

5. The method of Claim 1, wherein the first group consists of the Intra prediction
mode, the Inter prediction mode and the IntraBC prediction mode, and the same encoding
steps or the same decoding steps are applied to the current block when the current block 1s

coded using the Intra prediction mode, the Inter prediction mode and the IntraBC prediction

mode.

6. The method of Claim 1, wherein the same encoding steps comprise RDPCM
processing and the same decoding steps comprise inverse RDPCM processing, wherein a
prediction direction corresponding to a vertical direction or a horizontal direction is
associated with the RDPCM processing and the inverse RDPCM processing, the prediction
direction 1s determined implicitly for the current block coded in the Intra prediction mode,
and the prediction direction 1s determined explicitly at an encoder side for the current block

coded 1n the Inter prediction mode and the IntraBC prediction mode.

7. The method of Claim 6, wherein the prediction direction is determined implicitly

based on Intra mode of the current block when the current block i1s coded in the Intra

prediction mode.

8. The method of Claim 6, wherein the prediction direction is signaled in a coded

bitstream for the current block coded in the Inter prediction mode and the IntraBC prediction

mode.
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2/5

1
Recelving input data associated with a current block 10

Determining a prediction mode for the current block,
wherein the prediction mode is selected from a first 320
group comprising an Intra prediction mode and at
least one of an Inter prediction mode and an IntraBC
mode (Intra-block copy mode)

Determining a coding mode for the current block,
wherein the coding mode Is selected from a second
group comprising a transquant bypass mode
(transform-quantization bypass mode) and a TS
mode (transform-skip mode)

330

Applying first RDPCM coding to the current block
when the current block is coded using the Intra
prediction mode, and applying second RDPCM
coding to the current block when the current block is
coded using the Inter prediction mode or the IntraBC
mode, wherein the first RDPCM coding and the 340
second RDPCM coding use same coding steps
applied in a same coding processing order
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430 420 440
440 430 430

Inverse-RDPCM Inverse Transform-skip Inverse Transform-skip

Fig. 4.4
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4/5

Recelving input data associated with a current block 510
In a current picture

Deriving IntraBC residue (Intra-Block Copy residue) 520
for the current block based on the current block and
a reference block in the current picture

Determining a RDPCM on/off flag and a prediction
direction flag for the IntraBC residue based on non-
Intra-mode information

530

Applying lossy or lossless encoding with or without
RDPCM to the IntraBC residue or processed
IntraBC residue according to the RDPCM on/off flag 540
determined, wherein when the RDPCM on/off flag
determined Is on, said lossy or lossless RDPCM

encoding includes RDPCM processing according to
the prediction direction flag

Irig. o
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5/5

Recelving coded bitstream associated with a current
block In a current picture

Determining a RDPCM on/off flag and a RDPCM

prediction direction flag for the current block from the
coded bitstream

Parsing Inter coded residue data from the coded
bitstream

According to the determined RDPCM on/off flag,
applying lossy or lossless decoding with or without
RDPCM to the coded residue data to derive
reconstructed IntraBC residue or reconstructed-
processed IntraBC residue, wherein when the
RDPCM on/off flag determined is on, said lossy or
lossless RDPCM decoding includes inverse RDPCM
processing according to the prediction direction flag

Deriving reconstructed current block based on a
reference block in the current picture and either the
reconstructed IntraBC residue or the reconstructed-

processed IntraBC residue
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Recelving input data associated with a current block

Y

Determining a prediction mode for the current block,
wherein the prediction mode is selected from a first
group comprising an Intra prediction mode and at
least cne of an Inter prediction made and an IntraBC
mode (Intra-block copy made)

v

Determining a coding mode for the current block,
wherein the coding mode is selected from a second
group comprising a transquant bypass maode
(transform-quantization bypass mode)and a TS
mode (transform-skip mode)

Y

Applying first RDPCM coding o the current block
when the current block is coded using the Intra
prediction mode, and applying second RDPCM

coding to the current block when the current block is
coded using the Inter prediction mode or the IntraBC
mode, wherein the first RDPCM coding and the
second RDPCM coding use same coding steps
applied in a2 same coding processing order
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