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Abstract
In this contribution, a chroma compensation scheme using DC offset signaling for intra coding units is proposed. The offset value is determined based on the difference between original samples and reconstructed samples of chroma component, and then signaled at the LCU or CU level to compensate the reconstructed chroma samples. It is reported that less color bleeding artifact was observed by the proposed scheme comparing with the HM3.0 anchors. Average BD-rate gain by the proposed scheme relative to HM3.0 Intra HE anchors was −0.1% for Y, 2.4% for U and 2.8% for V component by the LCU level signaling, and −4.1% for Y, 11.0% for U and 12.4% for V component by the CU level signaling.
1. Introduction

Our target of this proposal is to reduce the color bleeding artifacts observed with some test sequences coded by HM3.0. As you can see in Figure 1 below, human visual system can tell the color difference even if the difference in the chroma pixel levels were quite small. In the example shown in Figure 1, U and V have +/− 2 level differences for 8-bit per color component. Therefore, it is considered to be important to reduce the quantization error of residual signals of chroma components for the less color bleeding artifacts.
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Figure 1. Subjective color difference, Left: U=V=126, Center: U=V =128, Right: U=V =130 

We noticed that obvious color bleeding appears at every I-frame and lasts until the next I-frame, and the artifact was caused by the quantization error of chroma components and propagated to spatial direction. So, we tried to reduce the artifact by improving the intra coding.
2. Proposed solution

To improve intra coding, we propose Chroma DC offset. Figure 2 shows a block diagram of the proposed method. The offset value is the difference between DC of the original samples and DC of the reconstructed samples of chroma component. The offset value is added on reconstructed samples of chroma component. Chroma DC offset is executed as following steps.
Step1.  To calculate DC of oiginal chroma samples.

Step2.  To calculate DC of reconstructed chroma samples.

Step3.  To calculate offset value by subtracting DC of reconstructed chroma samples from DC of original chroma samples. Quantization and clipping are done to avoid bits increase. In quantization, Offset value is round off to multiples of [image: image4.wmf]a
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Step4.  To add offset value on reconstructed chroma samples. Updated reconstructed chroma samples  are used on next intra prediction. Accuracy of next intra prediction is improved by refined reconstructed chroma samples.

Step5.  To encode offset value. The offset value is transmitted to decoder.
We can choose signaling level of offset value from CU, CLU and hybrid. In the CU level signaling, Step 1 ~ 5 are executed once every CU. In the LCU level signaling, Step 1 ~ 5 are executed just one time after coding of all CUs. In the hybrid signaling, Step 1~3 are executed for all CUs and the signaling level is decided between CU and LCU by using all offset values. Then, Step 4, 5 are executed at CU level or LCU level.
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Figure 2. Block diagram of Chroma DC offset
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Figure 3. Quantization and Clipping of offset value
3. Simulation & Results
Implementation
We implemented Chroma DC offset based on the HM3.0 software. Conditions are as follows.
· [image: image13.wmf]a

 for offset quantization is 1.

· [image: image14.wmf]b

 for offset clipping is 1.
· Signaling level of offset value (LCU/CU) can be specified in definiton of software. 
· The hybrid signaling has not been implemented yet.
The offset value is quantized and clipped as shown in Figure 4. Available offset values are -1, 0 and +1. The offset values of U and V are signaled respectively and are transmitted to decoder. Codewords are assigned to the offset values as shown in Table 1. The codewords are used in both cases of CAVLC and CABAC.
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Fugure 4. Quantization and Clipping on implementation
Table 1. Offset values and Codewords for Chroma DC offset
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BD-rate performance

The proposed method performance relative to the HM3.0 software was checked under the common test condition described in JCTVC-E700[1]. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 4.4.3. Table 2 shows BD-rate of LCU level signaling. Table 3 shows BD-rate of CU level signaling.

Table 2. BD-rate of LCU level signaling
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Table 3. BD-rate of CU level signaling
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Subjective image quality
Figure 5 shows comparison with the reconstructed images. They are I-frame results coded on QP37 for random access HE configuration. The sequence is Parkscene. In the result of HM3.0, color bleeding artifact is occurred obviously on a stone wall. By the LCU level signaling, less color bleeding artifact is observed comparing with the HM3.0 anchor. By the CU level signaling, image quality has made further improvement. 
4. Conclusion

In this contribution, Chroma DC offset for intra coding is proposed. An experimental result shows that the proposed method achieves reduced color bleeding artifact than HM3.0. By the LCU level signaling, average BD-rate gain is 2.3% for U and 2.8% for V component in the Intra HE configuration with 0.1% loss of BD-rate for Y component. By the CU level signaling, luma BD-rate performance dropped by the bits increase for the signaling, but subjective image quality was further improved than that for the LCU based signaling. We suggest JCT-VC to consider the future adoption of the proposed chroma DC offset for intra coding based on the study in a new CE.

5. Reference

[1] Frank Bossen, “Common test conditions and software reference configurations”, JCTVC-E700, JCT-VC 4th Meeting, Daegu, January 2011.

6. Patent rights declaration(s)

Panasonic Corporation may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
[image: image20.png]



[image: image21.png]MU i ;




[image: image22.png]



Figure 5. Subjective image quality comparison – Parkscene (I-frame, QP37, random access HE configuration), Top-to-down: Original image, HM3.0 anchor, The result of CU level signaling
Appendix I. Syntax description

Table I. Prediction unit syntax
	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag ) {
	Descriptor

	
if( skip_flag[ x0 ][ y0 ] ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else if( PredMode  = =  MODE_INTRA ) {
	

	

if( PartMode == PART_2Nx2N &&



log2PUWidth >= Log2IPCMCUSize )
	

	


pcm_flag
	u(1) | ae(v)

	

if( pcm_flag ) {
	

	


while ( !byte_aligned( ) )
	

	



pcm_alignment_zero_bit
	u(v)

	


for( i = 0; i < 1 << ( log2CUSize << 1 ); i++ )
	

	



pcm_sample_luma[ i ]
	u(v)

	


for( i = 0; i < ( 1 << ( log2CUSize << 1 ) ) >> 1; i++ )
	

	



pcm_sample_chroma[ i ]
	u(v)

	

} else {
	

	


prev_intra_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	


if( prev_intra_luma_pred_flag[ x0 ][ y0 ] )
	

	



if( NumMPMCand > 1 )
	

	




mpm_idx[ x0 ][ y0 ]
	u(1) | ae(v)

	


else
	

	



rem_intra_luma_pred_mode[ x0 ][ y0 ]
	ce(v) | ae(v)

	


if( IntraPredMode[ x0 ][ y0 ] == 2 )
	

	



planar_flag_luma[ x0 ][ y0 ]
	u(1) | ae(v)

	


intra_chroma_pred_mode[ x0 ][ y0 ]
	ue(v) | ae(v)

	


If( intra_chroma_DC_offset_flag ){
	

	



intra_chroma_DC_offset[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



intra_chroma_DC_offset [ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	


}
	

	


SignaledAsChromaDC = 




( chroma_pred_from_luma_enabled_flag ?





intra_chroma_pred_mode[ x0 ][ y0 ] == 3 :






intra_chroma_pred_mode[ x0 ][ y0 ] == 2 )
	

	


if( IntraPredMode[ x0 ][ y0 ] != 2 && 





IntraPredMode[ x0 ][ y0 ]!=34 && SignaledAsChromaDC )
	

	



planar_flag_chroma[ x0 ][ y0 ]
	u(1) | ae(v)

	

}
	

	



:
	

	



:
	

	}
	


intra_chroma_DC_offset_flag equal to 1 denotes that the offset value is signaled for the current CU or LCU.
intra_chroma_DC_offset[ x0 ][ y0 ][ compIdx ] specifies the offset value. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the top-left luma sample of the picture. The offset value for U is assigned compIdx = 0 and the offset value for V is assigned compIdx = 1.
Appendix II. Parsing Process
II-1. Initialisation process for context variables
Table II‑1 – Values of variables m and n for intra_chroma_DC_offset ctxIdx
	Initialisation variables
	intra_chroma_DC_offset ctxIdx

	
	0
	1
	2
	3
	4
	5

	m
	0
	0
	0
	0
	0
	0

	n
	64
	64
	64
	64
	64
	64


II-2. Binarization process for intra_chroma_DC_offset
Input to this process is a request for the syntax element intra_chroma_DC_offset and cNumBins.
Output of this process is the binarization of the syntax element.

The binarization for intra_chroma_DC_offset is given by Table II-2.
Table II-2. Binarization process for intra_chroma_DC_offset

	Value of intra_chroma_DC_offset
	Bin string

	0 
	0
	
	
	
	
	

	1
	1
	0
	
	
	
	

	-1
	1
	1
	
	
	
	


Table II-3 – Syntax elements and associated types of binarization, maxBinIdxCtx, ctxIdxTable, and ctxIdxOffset
	Syntax element
	
	Type of binarization
	maxBinIdxCtx
	ctxIdxTable
	ctxIdxOffset

	intra_chroma_DC_offset
	I
	as specified in Table II-2
	1
	Table II-1
	0

	
	P
	
	1
	Table II-1
	1

	
	B
	
	1
	Table II-1
	2


Table II-4 – Assignment of ctxIdxInc to binIdx for all ctxIdxTable and ctxIdxOffset values
	Syntax element
	ctxIdxTable, 
ctxIdxOffset
	binIdx

	
	
	0
	1
	2
	3
	>=4

	intra_chroma_DC_offset
	Table II-1
	0
	0
	1
	na
	na
	na

	
	
	2
	0
	1
	na
	na
	na

	
	
	4
	0
	1
	na
	na
	na


















Page: 4
Date Saved: 2011-07-12

_1371017890.unknown

_1371018532.vsd
�

Original 
chroma samples


DC calculation


Reconstructed chroma samples


Updated
reconstructed chroma samples


DC calculation


Offset value
calculation


Signaling


Bitstream


+



_1370954545.unknown

_1370956952.vsd

