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

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

10th Meeting: Waikoloa, Hawaii, USA, 8-12 December, 2003
	Document:  JVT-J038
Filename: JVT-J038.doc


	Title:
	Residue Transform


	Status:
	Input Document to JVT

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Woo-Shik Kim,
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 this proposal, we propose new coding method that exploits the redundancy in RGB space after intra/inter prediction. This method was motivated by the observation that there still exists redundancy among data even after intra/inter prediction. As addressed in JVT-J017, for some images, the statistical properties of the color space converted data do not conform to the assumed intra/inter redundancy of current JVT specification [1]. In that case it is more efficient to apply intra/inter directly to RGB data first. Then we can find suitable transform that matches well to the statistical properties of the residue.

We can control this option using a table that specifies the possible transform. It can be inter-plane prediction, or no transform at all.
Section 2 briefly describes the proposed algorithm. The test results are summarized in Section 3. We conclude in Section 4.
2. Residue Transform Coding

The proposed residue transform is to use the residue redundancy more effectively. Figure 1 shows the block diagram of the proposed algorithm. This scheme can be easily incorporated into the existing JVT specification [1]. The rationale is that the statistical properties of the residue vary depending on input materials as observed in [2]. So we propose to use a table that specifies the possible transform in the sequence parameter set as defined below. 


Figure 1: Block diagram of the proposed residue transform

Table 1: Residue Transform value

	Residue transform indicator
	Transform

	0
	IPP

	1
	No transform

	2
	YCoCg


In Table 1, there are four options to adapt to the different characteristics of the input materials. We can select this option depending on residue characteristics at encoder’s discretion. Option 0 is inter-plane prediction (IPP) that is described in [2, 3]. Option 1 is to code the material directly without any color space conversion. Option 2 is to apply YCoCg as defined in [4].
Table 1 shall be coded using Exp-Golomb code.

3. Residue Sampling

We can further achieve coding efficiency using residue transform followed by residue subsampling. Figure 2 shows the block diagram of the proposed algorithm. The idea is after performing residue transform we apply subsampling to the transformed coefficients. It can be 4:2:2, 4:2:0 or any other user defined subsampling depending on the residue transform applied. 


Figure 2: Block diagram of the proposed residue sampling

4. Experimental Results

We compared our residue transform method using the above options with YCoCg-R proposed in [4]. The test conditions are summarized as follows:

· Search range: 32

· Entropy coding: CABAC

· RD-optimized mode selection: On

· GOP structure: I frame only (Intra4x4 mode only)

· Number of slice groups: 1

We tested this residue transform options over various image set. The complete test results are available in the accompanying excel file (JVT-J038.xls). The simulation results manifest that it is desirable to apply inter/intra prediction followed by color transform. If we apply color transform first before coding, the coding efficiency deteriorates. It becomes severe especially on film material or unprocessed images. Due to the film grain or shot noise, the color space converted data are bad fit for the JVT inter/intra prediction. It tells that the coding gain of using intra/inter redundancy is bigger than that of using inter-color redundancy.
Based on this observation and experimental results, the best method to code RGB material is to code the given image in the given space. Especially for high bit rate it is the best way to code RGB material without color space conversion. By properly using the color transform option, we can always achieve good coding efficiency over wide range of bit rate.
5. Conclusions

The use of residue transform in RGB space achieves great coding efficiency for various kinds of RGB data including film material and professional filmstream material. The advantage is clearly shown when we compared the residue transform using YCoCg with YCoCg-R. It tells that it is desirable to apply inter/intra prediction followed by color transform. We can select residue transform option depending on image characteristics at encoder’s discretion. By putting this selection table on sequence parameter set, we minimize the switching of different transform. It helps achieve the best coding efficiency for any type of input data. 
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