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Abstract
Scalable video codec (SVC) is based on motion compensated temporal filtering (MCTF) and MCTF is composed of the motion compensated prediction and update. Although MCTF provides both the coding efficiency and the scalability, it is pointed out that the update step, which is a conceptually new tool to hybrid video codec, introduces additional complexity both for encoder and decoder. Therefore, reducing the complexity of update step, while keeping the coding efficiency, has been considered to be very desirable.

In this proposal, the update step for chroma signal is simplified by quantizing chroma update motion vector to integer-pel unit. This simplification does not introduce any noticeable degradation but the overall complexity of update step is reduced because fractional pixel interpolation could be avoided. Besides that, skipping of chroma update is also proposed, and this feature could be controlled by using disable_chroma_update_flag. Since the whole chroma update step is not used, the coding penalty seems to be allowable.
1. Chroma update step in JSVM 2

In JSVM 2 [１], The luma motion vectors for the luma update are derived using those of the neighborhood high-pass pictures, and the chroma motion vectors are derived from the luma update motion vector by using derivation process for chroma motion vectors defined in S.8.4.1.4, which is the same procedure used for the motion compensated prediction. 

By using the derived chroma update motion vectors, the motion compensation, which is identical to the motion compensated prediction, is applied to the chroma update, i.e., the bi-linear interpolation up to 1/8th pel accuracy is employed for the fractional pixel interpolation process.
2. Simplified chroma update step

Since the visual quality is less sensitive to the chroma samples than the luma samples, it is expected that simplifying chroma update would not degrade the coding performance much. Two different methods are proposed in this contribution in order to reduce the complexity of update step.

2.1. Method 1: Chroma update using integer pel unit chroma motion vector

In this method, the derived chroma motion vectors are quantized to integer-pel unit so that no fractional pixel interpolation is required during the chroma update. 

Therefore, the chroma update motion vector mvCLX is derived from luma motion mvLX as follows.

mvCLX[0] = ( ( mvLX[0] + 4 ) >> 3 ) << 3

mvCLX[1] = ( ( mvLX[1] + 4 ) >> 3 ) << 3

Note that mvLX is quarter-pel unit and mvCLX is 1/8th-pel unit.

2.2. Method 2: Skipping chroma update

It is proposed that only luma components are updated and chroma pixels are remained unchanged during the motion compensated update process. Since no operation regarding chroma update is performed, a considerable amount of the complexity in regards to the motion compensated update step could be reduced. If a syntax element disable_chroma_update_flag is defined, then this feature could be applied optionally.

3. Experiments and evaluation

Both methods described in section 2 are implemented in JSVM 2 software [２], and they are compared with the performance of JSVM with low complexity update step using Munich configuration.

3.1. Objective quality comparison
3.1.1 Luminance PSNR
The following graphs show the coding performance in luminance PSNR. As shown in these graphs, both the skipping chroma update and integer chroma update motion vector affect only negligible amount of coding performance.
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3.1.2 Chrominance PSNR

The coding performance in chrominance PSNR are shown in the following graphs ( U component in section 3.1.2.1 and V component in section 3.1.2.2 ). The coding performance of integer chroma update motion vector does not degrade much, and in some cases, PSNR is slightly increased. Skipping chroma update introduces some loss in chrominance PSNR, but this loss seems to be allowable because the considerable amount of complexity reduction could be gained by skipping the whole chroma update.

3.1.2.1 U component
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3.1.2.2 V component
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3.2. Visual quality comparison

For the visual quality evaluation, key pictures of temporal level 0 in CIF sequences are shown here. All pictures are decoded from CIF 30Hz layer-4 bitstream using Munich configuration. It is hard to find any noticeable artifacts for the simplified chroma update cases, even for the case that the whole chroma update is skipped.

- the 3rd key pictures of Bus sequence (temporal level = 0)
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(a) JSVM2                (b) Integer chroma MV      (c) Skipping chroma update

- the 6th key pictures of Football sequence (temporal level = 0)
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(a) JSVM2                (b) Integer chroma MV      (c) Skipping chroma update

- the 6th key pictures of Foreman sequence (temporal level = 0)
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(a) JSVM2                (b) Integer chroma MV      (c) Skipping chroma update

- the 9th key pictures of Mobile sequence (temporal level = 0)
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(a) JSVM2                (b) Integer chroma MV      (c) Skipping chroma update

4. Conclusion

The experimental results of the simplified chroma update step can be summarized as follows.

· It is true that the coding performance in luminance PSNR is nearly not affected by the simplified chroma update step even if the chroma update is not performed at all.

· The coding penalty of method 1, which is quantizing chroma update motion vector to integer pel, in chroma PSNR is negligible.

· The coding performance of method 2, which is skipping chroma update, in chroma PSNR ranges between about 0.5dB to 1dB in general. But this degradation could be considered as tradeoff with the complexity reduction. Besides that the performance degradation is sometimes very small for a sequence such as Football.

· No visible artifact is introduced by applying the proposed tools.

Therefore, based on the experimental results shown in this proposal, the fractional pixel interpolation of chroma pixels for update could be eliminated by using the proposed integer-pel unit chroma update motion vector with the reduced the complexity of update step while keeping coding performance almost identical, and disable_chroma_update_flag in SPS can control the skipping of chroma update so that the low-complexity decoding could be possible. The proposed modification is described in the appendix of this proposal in detail.

Moreover, also we suggest that the core experiment regarding the complexity reduction of the chroma signal processing should be established for the further study. Through the core experiment, the more simplified weighting process of chroma update signal could be studied further.

Reference:

[1] JVT-O202, “Joint Scalable Video Model JSVM-2,” Busan, April, 2005.
[2] JVT-O203, “Joint Scalable Video Model JSVM-2 Software,” Busan, April, 2005.
Appendix: the proposed modification to JSVM annex.S

- modification to sub clause S.7.3.2.1 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  = =  83 )  {
	
	

	

nal_unit_extension_flag
	0
	u(1)

	

if( nal_unit_extension_flag  = =  0 )  {
	
	

	


number_of_simple_priority_id_values_minus1
	0
	ue(v)

	


for( i = 0; i <= number_of_simple_priority_id_values_minus1; i++ )  {
	
	

	



priority_id
	0
	u(6)

	



temporal_level_list[ priority_id ]
	0
	u(3)

	



dependency_id_list[ priority_id ]
	0
	u(3)

	



quality_level_list[ priority_id ]
	0
	u(2)

	


}
	
	

	

}
	
	

	

low_complexity_update_flag
	0
	u(1)

	

disable_chroma_update_flag
	0
	u(1)

	
}
	
	

	 ==== the remaining parts are identical to JSVM 2 ====
	
	


- modiciation to sub clause S.7.4.2.1 Sequence parameter set RBSP semantics

Insert the following after the item low_complexity_update_flag.

disable_chroma_update_flag specifies whether to skip the chroma update step. If disable_chroma_update_flag is equal to 1, the motion compensated update process for chroma signal is skipped; otherwise (disable_chroma_update_flag is equal to 0), the chroma update shall be performed.
- add a new sub clause for the derivation process for chroma update motion vectors

This process shall only be invoked when chroma_format_idc is not equal to 0 (monochrom) and disable_chroma_update_flag is not equal to 1.

Inputs to this process are a luma update motion vector mvLX and a reference index refIdxLX.

Output of this process is a chroma update motion vector mvCLX.

A chroma update motion vector is derived from the corresponding update luma motion vector.

The precision of the chroma update motion vector components is 1 ( (4 * SubWidthC ) horizontally and 1 ( (4 * SubHeightC ) vertically.

For example, since the accuracy of luma motion vectors is one-quarter sample and 4:2:0 chroma format chroma has half horizontal and vertical resolution compared to luma, the accuracy of chroma motion vectors is one-eighth sample in 4:2:0 chroma format, i.e., a value of 1 for the chroma motion vector refers to a one-eighth sample displacement.

Note – For example, when the luma motion vector applies to 8x16 luma samples, the corresponding chroma vector in 4:2:0 chroma format applies to 4x8 chroma samples and when the luma vector applies to 4x4 luma samples, the corresponding chroma vector in 4:2:0 chroma format applies to 2x2 chroma samples.

For the derivation of the motion vector mvCLX, the following applies.

- if chroma_format_idc is not equal to 1 or the current macroblock is a frame macroblock, the horizontal and vertical components of the chroma motion vector mvCLX are derived by multiplying the corresponding components of luma motion vector mvLX by SubWidthC and SubHeightC and are quantized to the integer-pel unit, through mapping one-quarter sample mvLX units to the units used for mvCLX

mvCLX[0] = ( ( mvLX[0] + r0 ) >> h ) << h

mvCLX[1] = ( ( mvLX[1] + r1 ) >> v ) << v

h = log2( 4 * SubWidthC ), v = log2( 4 * SubHeightC ), r0 = 2 * SubWidthC, and r1 = 2 * SubHeightC
- Otherwise (chroma_format_idc is equal to 1 and the current macroblock is a field macroblock, …
derivation process for a field macroblock is not yet specified.
- modify both the update step (S.8.8.3 Motion-compensated update process and S.8.8.3.3 Low-complexity motion-compensated update process)

All the process related to chroma update shall be performed only when disable_chroma_update_flag is equal to 0.

chroma update motion vector mvCLX is derived using the sub clause defined above instead of sub clause S.8.4.2.2 
(Append for Proposal Documents)
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