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2 Functionality addressed
In this core experiment, the technique for improving the 4:4:4 coding performance using the in-loop color transform will be tested.
3 Description of approach
In JVT-Q059 [1], we proposed improved coding method using advanced residual color transform to increase the coding efficiency of the current FRExt 4:4:4 video coding technology. Here, we modified our previous method for further improvements. The updated methods are described in the following sections. The updated proposed method is integrated into the current Joint Working Draft of Amendment 2 and will be compared to the current Joint Working Draft of Amendment 2.
3.1 Residual color prediction
The following Figure 1 shows a block diagram of the proposed 4:4:4 encoding method using residual color prediction (RCP) method. After intra/inter prediction the residual samples of B and R components are further predicted from residual samples of G components through residual color predictor so that the correlation among R, G, and B components is efficiently reduced. The input to the residual color predictor is the reconstructed residual samples of G component. The residual color predictor 
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 is a weighted averaging operator to decrease the effect of the color component independent noise such as film grain.
The prediction of residual data of B and R components is done as follows:

[image: image2.wmf].

)

(

,

)

(

'

'

'

'

G

R

G

R

R

G

B

G

B

B

r

R

R

F

R

r

r

R

R

F

R

r

-

=

-

=

-

=

-

=






(1)

[image: image3.wmf]F

(

·

)

T

Q

Entropy 

Coding

+

Q

-

1

T

-

1

+

T

Q

T

Q

+

+

+

P

G

P

B

P

R

r

’

G

+

-

+

-

+

-

+

-

+

-

S

G

S

B

S

R

R

’

G

bitstream

r

B

r

R

R

B

R

R

R

G

RCP


Figure 1 – Block diagram of the proposed 4:4:4 encoding method using residual color prediction.
The meaning of each symbol In Figure 1 is summarized as follows:
· SG, SB, and SR : input sample of each color component (G, B, and R components)
· PG, PB, and PR : predicted reference samples from intra or inter prediction (G, B, and R components)
· RG, RB, and RR : residual samples after intra or inter prediction (G, B, and R components)
· R’G : reconstructed residual data after encoding and decoding of RG (G component)
· r’G : residual data predicted from residual color predictor 
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 (G component)
· rB and rR,: residual data where RB and RR are predicted from residual data r’G, respectively (B and R components)

Figure 2 shows the 4-neighboring residual pixels for a given residual pixel which are used for the weighted averaging operation in 
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Figure 2 – Neighboring residual pixels for a given residual pixel for weighted average filter of G components.
Using the spatially neighboring pixels as in Figure 2, the residual color predictor 
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 is defined as follows:
Residual color predictor 
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Where abs(x) means the absolute value of x. And Sign(x) means as follows:
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The spatially neighboring residual pixels outside a given block will be mirrored using the nearest residual pixels inside the block as shown in Figure 3. The size of the residual block is 4x4 when the coding mode is intra 4x4 (I_4x4) mode or intra 16x16 (I_16x16) mode, and 8x8 when the coding mode is intra 8x8 (I_8x8) or 8x8 transform is used in inter modes. 
[image: image11.wmf]
Figure 3 – Residual pixel mirroring on the block boundary.
  In Figure 3, the shaded rectangles are the residual pixels inside a current coded block and the white rectangles are the residual pixels outside the current coded block. The values of white pixels are taken from the horizontally or vertically nearest shaded pixels as indicated in the arrows in Figure 3.
Figure 4 shows the block-diagram of the proposed 4:4:4 decoding method using RCP method.
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Figure 4 – Block diagram of the proposed 4:4:4 decoding method using residual color prediction.
In Figure 4, the meaning of each symbol is summarized as follows:

· R’G : reconstructed residual data (G component)

· r’G : residual data predicted from residual color predictor 
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· r’B and r’R : reconstructed residual data before residual color prediction (B and R components)

· R’B, and R’R : reconstructed residual samples where r’B and r’R are compensated using residual data r’G from residual color prediction (B and R components)

· PG, PB, and PR : predicted reference samples from intra or inter prediction (G, B, and R components)
· S’G, S’B, and S’R : output sample of each color component (G, B, and R components)

The usage of the residual colour prediction is decided based on the characteristic of a given image sequence. The signal indicating the usage of residual colour prediction is handled by the residual_colour_prediction_flag in the sequence parameter set (see Appendix).
4 Testing conditions
Software:

The reference software (JFVM-1) will be used. 
Measurements:

There are three methods for objective measurements. The following must all be reported:
1.  RGB PSNR

    : R, G, and B picture PSNRs averaged over the whole sequence separately
2. Average RGB PSNR

    1) average of MSE over RGB for the whole sequence and take PSNR
2) average of R, G, and B picture PSNR values for the whole sequence
3. PSNR in YCgCo domain

    : Convert the original and the reconstructed RGB images into YCgCo domain and calculate Y, Co, and Cg PSNRs separately. 
Test Sequences: 

Use the JVT film (all of them) and Viper sequences.including the new ones from FastVDO while excluding the previous ones that have problems.
Other test conditions:

Preliminary test conditions agreed by email exchange are as follows.
Intra-Only, IBBrBP(Br means recorded B pictures)
QP=12, 18, 24, 30, optional: QP=6, 36, 42.

SymbolMode =  1 (CABAC)

RDOptimization = 1  

ScalingMatrixPresentFlag = 0    

OffsetMatrixPresentFlag = 1 

QoffsetMatrixFile = "q_offset.cfg"

AdaptiveRounding = 1    

AdaptRndPeriod = 1    

AdaptRndChroma = 0    

AdaptRndWFactorX = 8

SearchRange = 64

UseFME = 1  

PyramidCoding = 1   

BiPredMotionEstimation = 1   

BiPredMERefinements = 5   

BiPredMESearchRange = 64  

BiPredMESubPel = 2   
5 Evaluation criteria
Significant coding performance improvement compared to reference SW should be demonstrated.

6 Timelines
Bangkok - 4W: Finalize the CE description.
Bangkok - 1W
: Upload results and verification.

Bangkok - 1W
: Upload software for the CE participants.

Bangkok: Report on the CE results.
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8 Appendix

The changes to N6539 [2] and JVT-Q209 [3] for the residual colour prediction are given in this section as follows:
8.1 Subclause 7.3.2.1 “Sequence parameter set RBSP syntax”
Insert “residual_colour_prediction_flag” to Sequence parameter set RBSP syntax.

	seq_parameter_set_rbsp( ) {
	C
	Descriptor

	
profile_idc
	0
	u(8)

	
constraint_set0_flag
	0
	u(1)

	
constraint_set1_flag
	0
	u(1)

	
constraint_set2_flag
	0
	u(1)

	
constraint_set3_flag
	0
	u(1)

	
reserved_zero_4bits /* equal to 0 */
	0
	u(4)

	
level_idc
	0
	u(8)

	
seq_parameter_set_id
	0
	ue(v)

	
if( profile_idc  = =  100  | |  profile_idc  = =  110  | |


profile_idc  = =  122  | |  profile_idc = = 166  | | profile_idc = = 188) {
	
	

	

chroma_format_idc
	0
	ue(v)

	     if (chroma_format_idc == 3)
	
	

	       residual_colour_prediction_flag
	0
	ue(v)

	

bit_depth_luma_minus8
	0
	ue(v)

	     …
	
	


8.2 Subclause 7.4.2.1 “Sequence parameter set RBSP semantics”
Insert the semantic of “residual_colour_prediction_flag” with the following.
residual_colour_prediction_flag equal to 1 specifies that the residual colour prediction is applied as specified in subclause 8.5. residual_colour_prediction_flag equal to 0 specifies that the residual colour prediction is not applied. When residual_colour_prediction_flag is not present, it shall be inferred to be equal to 0.

8.3 Subclause 8.5 “Transform coefficient decoding process and picture construction process prior to deblocking filter process”
Replace the paragraph starting with “Output of this process” with the following.
Outputs of this process are the constructed sample arrays prior to the deblocking filter process for the applicable components S’L, S’Cb, S’Cr, and the prediction residual sample arrays R’Y (if applicable).
Insert a paragraph before subclause 8.5.1 with the following.
When residual_colour_prediction_flag is equal to 1, the residual colour prediction process as specified in subclause 8.5.14 is invoked.
8.4 Subclause 8.5.1 “Specification of transform decoding process for 4x4 luma residual blocks”
Insert a paragraph after the paragraph starting with “2. The scaling and” with the following.
3. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..3 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 4x4 residual chroma blocks in subclause 8.5.15.
8.5 Subclause 8.5.2 “Specification of transform decoding process for luma samples of Intra_16x16 macroblock prediction mode”
Insert a paragraph after the paragraph starting with “c. The scaling and” with the following.
d. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..3 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 4x4 residual chroma blocks in subclause 8.5.15.
8.6 Subclause 8.5.3 “Specification of transform decoding process for 8x8 luma residual blocks”
Insert a paragraph after the paragraph starting with “2. The scaling and” with the following.
3. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..7 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 8x8 residual chroma blocks in subclause 8.5.15.

8.7 Subclause 8.5.4a “Specification of transform decoding process for chroma samples with chroma_format_idc equal to 3”
Replace the subclause 8.5.4a with the following.
This process is invoked for each chroma component Cb and Cr separately when chroma_format_idc is equal to 3.

Depending on the macroblock prediction mode, the following applies.

· If the macroblock prediction mode is equal to Intra_4x4, the transform decoding process for 4x4 Cb or 4x4 Cr residual blocks shall be identical to the process described in subclause 8.5.1 when substituting luma with Cb or Cr, substituting predL with predCb or predCr, substituting LumaLevel with CbLevel or CrLevel, substituting luma4x4BlkIdx with cb4x4BlkIdx or cr4x4BlkIdx, substituting Clip1Y(x) with Clip1Cb(x) or Clip1Cr(x), and replacing the following paragraph
“3. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..3 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 4x4 residual chroma blocks in subclause 8.5.15.”
with

“3. When residual_colour_prediction_flag is equal to 1, the variable RiCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr is set equal to rij with i, j = 0..3 and the residual colour prediction process in subclause 8.5.15 is invoked with the contstructed residual sample array RiCbCr and the prediction residual sample array R’Y as the input and the prediction residual sample array R’ iCbCr as the output. The variable rij is set equal to R’ iCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr with i, j = 0..3”.

· If the macroblock prediction mode is equal to Intra_8x8, the transform decoding process for 8x8 Cb or 8x8 Cr residual blocks shall be identical to the process described in subclause 8.5.3 when substituting luma with Cb or Cr, substituting predL with predCb or predCr, substituting LumaLevel8x8 with CbLevel8x8 or CrLevel8x8,  substituting Luma8x8BlkIdx with cb8x8BlkIdx or cr8x8BlkIdx, substituting Clip1Y(x) with Clip1Cb(x) or Clip1Cr(x) and replacing the following paragraph
“3. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..7 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 8x8 residual chroma blocks in subclause 8.5.15.”
with

“3. When residual_colour_prediction_flag is equal to 1, the variable RiCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr is set equal to rij with i, j = 0..7 and the residual colour prediction process in subclause 8.5.15 is invoked with the contstructed residual sample array RiCbCr and the prediction residual sample array R’Y as the input and the prediction residual sample array R’ iCbCr as the output. The variable rij is set equal to R’ iCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr with i, j = 0..7”.
· If the macroblock prediction mode is equal to Intra_16x16, the transform decoding process for Cb or Cr residual blocks shall be identical to the process described in subclause 8.5.2 when substituting luma with Cb or Cr, substituting Intra16x16DCLevel with CbIntra16x16DCLevel or CrIntra16x16DCLevel, and substituting predL with predCb or predCr, substituting luma4x4BlkIdx with cb4x4BlkIdx or cr4x4BlkIdx, substituting lumaList with CbList or CrList, substituting Clip1Y(x) with Clip1Cb(x) or Clip1Cr(x), and replacing the following paragraph
“d. When residual_colour_prediction_flag is equal to 1, the variable RY[i,j] is set equal to rij with i, j = 0..3 and the reference residual sample filtering process in subclause 8.5.14 is invoked with the contstructed residual sample array RY as the input and the prediction residual sample array R’Y as the output. The prediction residual sample array R’Y is used for the prediction of 4x4 residual chroma blocks in subclause 8.5.15.”
with

“d. When residual_colour_prediction_flag is equal to 1, the variable RiCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr is set equal to rij with i, j = 0..3 and the residual colour prediction process in subclause 8.5.15 is invoked with the contstructed residual sample array RiCbCr and the prediction residual sample array R’Y as the input and the prediction residual sample array R’ iCbCr as the output. The variable rij is set equal to R’ iCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr with i, j = 0..3.”.
8.8 New Subclause 8.5.14 “Reference residual sample filtering process”
Insert a new subclause 8.5.14 with the following.
This process is invoked when residual_colour_prediction_flag is equal to 1.

Input to this process are the constructed residual sample array RY[i,j] with i,j=0..ijMax. 
Output of this process are the prediction residual sample array R’Y[i,j] with i,j=0..ijMax.

The variable ijMax is specified as follows.

· If transform_size_8x8_flag is equal to 1, the variable ijMax is set equal to 7.

· Otherwise (transform_size_8x8_flag is equal not to 1), the variable ijMax is set 3.

For each i, j=0..ijMax, the residual colour prediction is computed as follows.

Let the variable pij as the following.

pij = 4 * RY[i,j] + RY[Min(i+1,ijMax),j] + RY[i,Min(j+1,ijMax)] + RY[Max(i-1,ijMax),j] + RY[i,Max(j-1,ijMax)] (8-426)
Then
R’Y[i,j] = sign(pij) * ((abs(pij) + 4) >> 3)                                                   (8-427)
8.9 New Subclause 8.5.15 “Residual colour prediction process”
Insert a new subclause 8.5.15 with the following.
This process is invoked for the prediction of each chroma residual samples RCb and RCr separately when residual_colour_prediction_flag is equal to 1.

Input to this process are the prediction residual sample array R’Y[i,j] and the constructed residual sample array RiCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr and i,j=0..ijMax. 
Output of this process are the prediction residual sample array R’iCbCr[i,j] with iCbCr set equal to 0 for Cb and iCbCr set equal to 1 for Cr and i,j=0..ijMax.
The variable ijMax is specified as follows.

· If transform_size_8x8_flag is equal to 1, the variable ijMax is set equal to 7.

· Otherwise (transform_size_8x8_flag is equal not to 1), the variable ijMax is set 3.

For each chroma component with i, j = 0..ijMax, the residual colour prediction is computed as

R’iCbCr[i,j] = RiCbCr[i,j] – R’Y[i,j]
                                                        (8-428)
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