	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

12th Meeting: Redmond, WA, USA, 17-23 July, 2004
	Document:  JVT-L025

Filename: JVT-L025.doc


	Title:
	Residue Color Transform


	Status:
	Input Document to JVT

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Woo-Shik Kim,

Dmitry Birinov,
Hyun Mun Kim
Multimedia Lab. Samsung AIT
P.O.Box 111, Suwon 440-600
Korea
	
Tel:
Email:
	82-31-280-9204
hyunmun27.kim@samsung.com


	Source:
	Samsung AIT


_____________________________
1. Introduction

In the last JVT meeting we introduced a residual color transform [1] for 4:4:4 RGB coding. In this document we adopted YCoCg-R color transform [2] for the residual color transform to support the lossless case as proposed in the last meeting [3]. Section 2 briefly describes the proposed algorithm. The test results are summarized in Section 3. We also cross-verified the lossless coding results using residual color transform prepared by Sharp Labs [4] in Section 4. We conclude in Section 5.
2. Residue Color Transform

Residual color transform exploits the redundancy among the residual data of each RGB component after intra/inter prediction. The correlation among the color components still exists even after the intra/inter prediction. To decorrelate this redundancy, we apply the YCoCg-R color transform to the residual data as shown in Figure 1. This scheme can be easily incorporated into the existing JVT specification [5] as explained in the appendix.

This technique achieves better coding efficiency than applying the color transform outside the coding loop as manifested in the simulation results. 

The transform is presented in Figure 2 where (R, (G, and (B are the residual data and (Y, (Co, and (Cg are the residue transformed data, respectively.
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Figure 2: Block diagram of the proposed YCoCg-R residue transform

To minimize the syntax change we propose to add a flag, “residual_color__transform_flag” to the sequence parameter set to signal the residual color transform feature. If residual_color__transform_flag equals to ‘1’, the residual color transform shall be performed, otherwise, the input data shall be coded without residue transform.

We also replaced the Hadamard transform with a 2
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 matrix where 
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 is an identity matrix if residual_color__transform_flag is equal to 1 and current macroblock prediction mode for luma is equal to Intra_4x4 or Intra_8x8. This avoids the causality problem for residual color transform when mode for luam and chrom is different. It is because we do not need to process whole 16x16 macroblcok for chroma components for DC transform. We can apply the replaced transform to the 4x4 blocks since the transform is noting but a scalar operation. 

We can also maintain the current quantization scheme using this method as explained below. 

Since the current Hadamard transform H is defined as
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and
[image: image5.wmf]I

HH

4

=

. So by replacing the Hadamard transform with a 2
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 needs no quantization change.

The residual color transform can be performed adaptively depending on the characteristics of the input data and the requirements of the application.

3. Experimental Results

We compared the coding efficiency of the residual color transform with that of coding directly without it. The test conditions are summarized as follows:

· Search range: 32

· Number of reference frame: 3

· Entropy coding: CABAC

· RD-optimized mode selection: On

· GOP structure: IBBP…
· Number of slice groups: 1

.

Table 1: Simulation Results that show the coding gain for Y component in db.

.
	Seq.
	bit rate (Mbps)

	
	10
	40
	100

	Analog TV
	na
	1
	1.5

	Trees and Bicycle
	0.5
	0.6
	0.8

	Man in Restaurant
	0.5
	0.7
	1

	Rolling Tomatoes
	0.5
	1.2
	1.2

	Card Toss
	na
	1
	1.2

	Dinner
	na
	1
	1.2


Table 1 summarizes the coding gain using residual color transform for Y component in YCoCg color domain. It shows about 0.5~1.5 db depending on the bit rate.

The complete test results are available in the accompanying excel file (JVT-L025.xls). 

4. Cross-Verification of Lossless Coding

We cross-verified the lossless coding results using residual color transform prepared by Sharp Labs [4]. For this purpose, we decoded the bitstream generated by Sharp Labs encoder using our decoder and vice versa. The experimental results summarized in the JVT-L014.xls were identical for the images we have such as film images.

We also cross-verified the lossless coding results proposed by Sejong University [5].

The combined methods with [4] and [5] perform constructively without causing any negative effect. So we propose to adopt this lossless coding method and the in-loop YCoCg-R color transform for FRExt.

5. Conclusions

The in-loop residue color transform using YCoCg-R after intra/inter prediction achieves better coding efficiency than applying the color transform outside the coding loop as shown in the simulation results. We can select this residual color transform option depending on image characteristics at encoder’s discretion. It helps achieve good coding efficiency for various image set. We request that JVT adopt the residue color transform for FRExt.

References 
[1] W.-S. Kim, D. Birinov and H. M. Kim, “Adaptive Residue Transform and Sampling,” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-K018, March 2004

[2] H. Malvar and G. Sullivan, “YCoCg-R: a color space with RGB reversibility and low dynamic range,” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-I014, Sep. 2003.

[3] S. Sun, “New Results of Lossless Video Coding for JVT Professional Extension,” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-K018, March 2004.
[4] S. Sun, “Residual Color Transform Using YCoCg-R,” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-L014, July 2004.

[5] Y.-L. Lee and K.-H. Han, “Lossless coding for Professional Extensions,” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-L017, July 2004.
[6] “Final Draft International Standard of Joint Video Specification (ITU-T Rec. H.264 | ISO/IEC 14496-10 AVC),” ISO/IEC JTC1/SC29/WG11 and ITU-T Q6/SG16, Document JVT-G050, Mar. 2003.

Annex: Draft Text
1)
Subclause 7.3.2.1

Insert residual_color__transform_flag as below:

	seq_parameter_set_rbsp( ) {
	C
	Descriptor

	
profile_idc
	0
	u(8)

	
…
	
	

	
if( profile_idc  = =  80  | |  profile_idc  = =  81  | |


 profile_idc  = =  82  | |  profile_idc  = =  83 ) {
	
	

	

chroma_format_idc
	0
	ue(v)

	If(chroma_format_idc = = 3) {
	
	

	residual_color__transform_flag
	
	u(1)

	}
	
	

	

…
	
	

	
}
	
	

	
…
	
	

	
}
	
	

	
	
	

	
	
	


2)
Subclause 7.4.2.1

Insert the following.

residual_color__transform_flag equal to 1 specifies that the residual color transform is applied. residual_color__transform_flag equal to 0 specifies that the residual color transform is not applied. When residual_color__transform_flag is not present, it shall be inferred to be equal to 0.
3)
Subclause 8.5.5

Replace below part

· The value of QP'C for each chroma component is derived as 
QP'C = QPC + QpBdOffsetC

(8-251a)
with the following

· If residual_color__transform_flag is equal to 1  
QP'C = QPC + QpBdOffsetC  + 6

(8-251a)
· otherwise  
QP'C = QPC + QpBdOffsetC

(8-251b)
4)
Subclause 8.5.7

Replace below part

· Otherwise (chroma_format_idc is equal to 3), the inverse transform for the 4x4 chroma DC transform coefficients is specified as
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(8-257b)
with the following

· Otherwise (chroma_format_idc is equal to 3), the following applies.
· If residual_color__transform_flag is equal to 1 and current macroblock prediction mode for luma is Intra_4x4 or Intra_8x8,


fij = cij << 2 with i, j = 0…3







(8-257b)

· Otherwise, the inverse transform for the 4x4 chroma DC transform coefficients is specified as
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(8-257c)
5)
Subclause 8.5.8

Insert the following after equation 8-282.

When the residual_color__transform_flag is equal to 1, the inverse residual color transform as specified in 8.5.8b applies.

6)
New subclause 8.5.8b “Inverse residual color transform process”
Insert a new subclause 8.5.8b as follows

8.5.8b Inverse residual color transform process
Input to this process are variables rY,ij, rCo,ij, and rCg,ij which are outputs of Eq.8-282.

Output of this process are variables rR,ij, rG,ij, and rB,ij which shall be applied to equation 8-243 for rij in the picture construction process.

The following transform is applied in this process.
t = rY,ij – (rCg,ij >> 1 )

(8‑282zza)

rG,ij = t + rCg,ij

(8‑282zzb)

rB,ij = t – (rCo,ij >> 1 )

(8‑282zzc)

rR,ij = rB,ij + rCo,ij

(8‑282zzd)

with i, j = 0…3 when the residual are related to a 4x4 residual block, or i, j = 0…7 when the residual are related to an 8x8 residual block.
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Figure 1: Block diagram of the proposed residue transform
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