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1. Introduction

In the last meeting in Munich, we proposed the residue sampling method [1] for the JVT FRExt [2]. We showed 1~2 dB PSNR gain over conventional H.264/MPEG-4 AVC main profile.

Some people commented that the comparison was not fair since the proposed method is based on the 4:4:4 coding and H.264/MPEG-4 AVC is based on the 4:2:0 coding. At that time we couldn’t show the experimental results of residue sampling compared with 4:4:4 coding without residue sampling.

In this document, we show the experimental results of residue sampling compared to 4:4:4 coding without residue sampling. The target bit-rate is set to 10 Mbps, which would be good for many applications such as HD-DVD.

2. What Is Residue Sampling?

The 4:2:0 and 4:2:2 formats are the mostly well-known sample formats. In these formats, only chrominance components are sub-sampled in the ratio of 1/4 and 1/2, respectively, compared to the luminance sampling rate.

In the professional applications, it would be better not to use the chrominance sub-sampling, which would result in the color distortion. However, the chrominance sampling would be required for the low bit rate applications.

To adapt to the variety of applications, we proposed to use the adaptive sampling method, where the sampling is applied to the intra/inter-predicted residue data. Since the sampling is applied to the residue data that has less information than the original data, the loss from the sampling process is reduced.

We proposed to apply this residue sampling adaptively on macroblock basis, by adding two flags, “residue_sampling_flag” to the sequence parameter set, and “mb_residue_sampling_flag” to the macroblock layer after macroblock type. The sampling is performed depending on encoder’s discretion by setting these flags.

Details can be found in [1].

3. Experimental Results

We compared the coding efficiency of the residue sampling method with that of YCoCg-R [3] 4:4:4 coding. In this experiment, the residue sampling is always applied to all MBs. Film sequences are used which were defined as common test materials for the JVT FRExt. 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

· No rate control (fixed QP value of 18, 24, 30 and 36)

PSNR differences between Residue Sampling in all MBs and YCoCg-R 4:4:4 at 10 Mbps:

	Sequences
	PSNR differences (dB) of each color components

	
	RGB
	G
	R
	B

	AnalogTV
	0.8
	1.6
	0.8
	0.0

	Bicycle
	0.2
	0.5
	0.3
	-0.1

	CardToss
	0.7
	1.4
	1.0
	-0.2

	Dinner
	0.8
	1.5
	1.0
	-0.1

	Restaurant
	0.4
	0.4
	0.4
	0.0

	Tomatoes
	0.0
	0.4
	0.1
	-0.3

	AVE
	0.5
	1.0
	0.6
	-0.1


Results of residue sampling over YCoCg-R 4:4:4 in RD-curves of RGB average and G component only:
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< PSNR of RGB average >                  < PSNR of G component only>
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< PSNR of RGB average >                  < PSNR of G component only>
More test resluts are available in the accompanying Excel file.

The RD-curves show that the coding efficiency of the residue sampling is superior to the conventional 4:4:4 chroma format coding througout the low to high bit-rate range.

The table shows the PSNR gain at 10 Mbps. Not only the RGB average gain, but also that of G coponent show the effectiveness of the residue sampling method.

In this experiments, the residue sampling is always applied to all MB. If the residue sampling is adaptively applied on the MB basis by setting the mb_residue_sampling_flag, the coding efficiency will be increased further.
4. Conclusions

The use of residue sampling in RGB space achieves great coding efficiency for various kinds of RGB data such as film material. The advantage is clearly shown in the simulation results. We can select residue sampling options depending on image characteristics and requirements of the given application at encoder’s discretion. It helps to achieve the best coding efficiency for any type of input data.

We hope that this information would be benificial for the development of the future video coding technologies.
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								YCoCg-R												RSOnly		(Residue Sampling in All MB)

						QP		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr

				Analog TV		18		178090944		92.9170142609		41.13514		42.38765		36.35462		39.9591366667		119554264		62.3761377391		41.04		42.29		34.83		39.3866666667

						24		57708016		30.108530087		39.63519		39.73549		33.06219		37.4776233333		27109128		14.1438928696		39.81		39.9		31.71		37.14

						30		14698192		7.668621913		38.50935		37.27008		31.0133		35.5975766667		9148288		4.7730198261		38.55		37.37		30.43		35.45

						36		3861496		2.0146935652		36.57728		34.172		29.29188		33.3470533333		2949800		1.539026087		35.65		33.71		28.73		32.6966666667

				Bicycle		18		43933776		22.921970087		43.86973		43.02542		38.77902		41.89139		25477240		13.2924730435		43.68		42.84		37.88		41.4666666667

						24		10564376		5.5118483478		42.07578		40.98993		36.94777		40.0044933333		8479112		4.4238845217		41.68		40.8		36.42		39.6333333333

						30		3953768		2.0628354783		39.3699		38.38246		35.21831		37.65689		3683664		1.9219116522		38.84		38.18		34.58		37.2

						36		1741176		0.9084396522		36.36003		35.37481		32.96246		34.8991		1792408		0.9351693913		35.65		35.16		32.19		34.3333333333

				Card Toss		18		147399968		76.9043311304		41.3917		42.82563		36.51754		40.2449566667		89921216		46.9154170435		41.16		42.72		34.87		39.5833333333

						24		38999640		20.3476382609		39.84941		40.32118		33.43141		37.8673333333		13287528		6.9326233043		40.14		40.32		32.13		37.53

						30		7091064		3.6996855652		38.65509		37.78995		31.7166		36.05388		4376736		2.2835144348		38.57		37.74		31.24		35.85

						36		2197632		1.1465906087		36.64706		34.60059		30.38994		33.8791966667		2147160		1.1202573913		35.64		34.3		29.92		33.2866666667

				Dinner		18		159720344		83.3323533913		41.31065		42.53818		36.44817		40.099		101317320		52.8612104348		41.22		42.48		34.93		39.5433333333

						24		44446832		23.1896514783		39.76397		39.9282		33.22732		37.63983		15616104		8.1475325217		40.14		40.06		32		37.4

						30		7932016		4.1384431304		38.70922		37.68827		31.54998		35.98249		4525704		2.3612368696		38.47		37.61		31.22		35.7666666667

						36		1977144		1.0315533913		36.58455		34.91271		30.58056		34.02594		2042560		1.0656834783		35.8		34.71		30.32		33.61

				Restaurant		18		23830736		12.4334274783		45.98022		44.43595		39.60156		43.3392433333		10139360		5.2901008696		45.83		44.35		38.77		42.9833333333

						24		4337080		2.2628243478		44.76585		42.93856		38.36227		42.0222266667		3727000		1.9445217391		43.96		42.81		37.85		41.54

						30		1976264		1.0310942609		42.27208		40.56565		37.05502		39.96425		2006032		1.0466253913		41.17		40.34		36.45		39.32

						36		1060088		0.5530893913		39.13005		37.5643		35.13198		37.2754433333		1202776		0.6275353043		37.67		37.22		34.4		36.43

				Tomatoes		18		86647512		45.2073975652		41.76365		42.12725		39.85501		41.2486366667		60621040		31.6283686957		41.55		42.25		38.52		40.7733333333

						24		18907136		9.8645926957		39.89265		40.27055		36.88937		39.0175233333		8335384		4.348896		39.52		40.18		35.98		38.56

						30		3241320		1.6911234783		39.18776		39.40986		35.69337		38.0969966667		2236400		1.1668173913		38.35		39.14		35.26		37.5833333333

						36		1347632		0.7031123478		37.67987		37.75263		34.88718		36.7732266667		1237432		0.6456166957		36.16		37.2		34.13		35.83
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		10Mbps		PSNR difference (dB)

		Color Comp.		RGB		G		R		B

		AnalogTV		0.8		1.6		0.8		0.0

		Bicycle		0.2		0.5		0.3		-0.1

		CardToss		0.7		1.4		1.0		-0.2

		Dinner		0.8		1.5		1.0		-0.1

		Restaurant		0.4		0.4		0.4		0.0

		Tomatoes		0.0		0.4		0.1		-0.3

		AVE		0.5		1.0		0.6		-0.1
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								YCoCg-R												RSOnly		(Residue Sampling in All MB)

						QP		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr

				Analog TV		18		178090944		92.9170142609		41.13514		42.38765		36.35462		39.9591366667		119554264		62.3761377391		41.04		42.29		34.83		39.3866666667

						24		57708016		30.108530087		39.63519		39.73549		33.06219		37.4776233333		27109128		14.1438928696		39.81		39.9		31.71		37.14

						30		14698192		7.668621913		38.50935		37.27008		31.0133		35.5975766667		9148288		4.7730198261		38.55		37.37		30.43		35.45

						36		3861496		2.0146935652		36.57728		34.172		29.29188		33.3470533333		2949800		1.539026087		35.65		33.71		28.73		32.6966666667

				Bicycle		18		43933776		22.921970087		43.86973		43.02542		38.77902		41.89139		25477240		13.2924730435		43.68		42.84		37.88		41.4666666667

						24		10564376		5.5118483478		42.07578		40.98993		36.94777		40.0044933333		8479112		4.4238845217		41.68		40.8		36.42		39.6333333333

						30		3953768		2.0628354783		39.3699		38.38246		35.21831		37.65689		3683664		1.9219116522		38.84		38.18		34.58		37.2

						36		1741176		0.9084396522		36.36003		35.37481		32.96246		34.8991		1792408		0.9351693913		35.65		35.16		32.19		34.3333333333

				Card Toss		18		147399968		76.9043311304		41.3917		42.82563		36.51754		40.2449566667		89921216		46.9154170435		41.16		42.72		34.87		39.5833333333

						24		38999640		20.3476382609		39.84941		40.32118		33.43141		37.8673333333		13287528		6.9326233043		40.14		40.32		32.13		37.53

						30		7091064		3.6996855652		38.65509		37.78995		31.7166		36.05388		4376736		2.2835144348		38.57		37.74		31.24		35.85

						36		2197632		1.1465906087		36.64706		34.60059		30.38994		33.8791966667		2147160		1.1202573913		35.64		34.3		29.92		33.2866666667

				Dinner		18		159720344		83.3323533913		41.31065		42.53818		36.44817		40.099		101317320		52.8612104348		41.22		42.48		34.93		39.5433333333

						24		44446832		23.1896514783		39.76397		39.9282		33.22732		37.63983		15616104		8.1475325217		40.14		40.06		32		37.4

						30		7932016		4.1384431304		38.70922		37.68827		31.54998		35.98249		4525704		2.3612368696		38.47		37.61		31.22		35.7666666667

						36		1977144		1.0315533913		36.58455		34.91271		30.58056		34.02594		2042560		1.0656834783		35.8		34.71		30.32		33.61

				Restaurant		18		23830736		12.4334274783		45.98022		44.43595		39.60156		43.3392433333		10139360		5.2901008696		45.83		44.35		38.77		42.9833333333

						24		4337080		2.2628243478		44.76585		42.93856		38.36227		42.0222266667		3727000		1.9445217391		43.96		42.81		37.85		41.54

						30		1976264		1.0310942609		42.27208		40.56565		37.05502		39.96425		2006032		1.0466253913		41.17		40.34		36.45		39.32

						36		1060088		0.5530893913		39.13005		37.5643		35.13198		37.2754433333		1202776		0.6275353043		37.67		37.22		34.4		36.43

				Tomatoes		18		86647512		45.2073975652		41.76365		42.12725		39.85501		41.2486366667		60621040		31.6283686957		41.55		42.25		38.52		40.7733333333

						24		18907136		9.8645926957		39.89265		40.27055		36.88937		39.0175233333		8335384		4.348896		39.52		40.18		35.98		38.56

						30		3241320		1.6911234783		39.18776		39.40986		35.69337		38.0969966667		2236400		1.1668173913		38.35		39.14		35.26		37.5833333333
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Sheet1

								YCoCg-R												RSOnly		(Residue Sampling in All MB)

						QP		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr

				Analog TV		18		178090944		92.9170142609		41.13514		42.38765		36.35462		39.9591366667		119554264		62.3761377391		41.04		42.29		34.83		39.3866666667

						24		57708016		30.108530087		39.63519		39.73549		33.06219		37.4776233333		27109128		14.1438928696		39.81		39.9		31.71		37.14

						30		14698192		7.668621913		38.50935		37.27008		31.0133		35.5975766667		9148288		4.7730198261		38.55		37.37		30.43		35.45

						36		3861496		2.0146935652		36.57728		34.172		29.29188		33.3470533333		2949800		1.539026087		35.65		33.71		28.73		32.6966666667

				Bicycle		18		43933776		22.921970087		43.86973		43.02542		38.77902		41.89139		25477240		13.2924730435		43.68		42.84		37.88		41.4666666667

						24		10564376		5.5118483478		42.07578		40.98993		36.94777		40.0044933333		8479112		4.4238845217		41.68		40.8		36.42		39.6333333333

						30		3953768		2.0628354783		39.3699		38.38246		35.21831		37.65689		3683664		1.9219116522		38.84		38.18		34.58		37.2

						36		1741176		0.9084396522		36.36003		35.37481		32.96246		34.8991		1792408		0.9351693913		35.65		35.16		32.19		34.3333333333

				Card Toss		18		147399968		76.9043311304		41.3917		42.82563		36.51754		40.2449566667		89921216		46.9154170435		41.16		42.72		34.87		39.5833333333

						24		38999640		20.3476382609		39.84941		40.32118		33.43141		37.8673333333		13287528		6.9326233043		40.14		40.32		32.13		37.53

						30		7091064		3.6996855652		38.65509		37.78995		31.7166		36.05388		4376736		2.2835144348		38.57		37.74		31.24		35.85

						36		2197632		1.1465906087		36.64706		34.60059		30.38994		33.8791966667		2147160		1.1202573913		35.64		34.3		29.92		33.2866666667

				Dinner		18		159720344		83.3323533913		41.31065		42.53818		36.44817		40.099		101317320		52.8612104348		41.22		42.48		34.93		39.5433333333

						24		44446832		23.1896514783		39.76397		39.9282		33.22732		37.63983		15616104		8.1475325217		40.14		40.06		32		37.4

						30		7932016		4.1384431304		38.70922		37.68827		31.54998		35.98249		4525704		2.3612368696		38.47		37.61		31.22		35.7666666667

						36		1977144		1.0315533913		36.58455		34.91271		30.58056		34.02594		2042560		1.0656834783		35.8		34.71		30.32		33.61

				Restaurant		18		23830736		12.4334274783		45.98022		44.43595		39.60156		43.3392433333		10139360		5.2901008696		45.83		44.35		38.77		42.9833333333

						24		4337080		2.2628243478		44.76585		42.93856		38.36227		42.0222266667		3727000		1.9445217391		43.96		42.81		37.85		41.54

						30		1976264		1.0310942609		42.27208		40.56565		37.05502		39.96425		2006032		1.0466253913		41.17		40.34		36.45		39.32

						36		1060088		0.5530893913		39.13005		37.5643		35.13198		37.2754433333		1202776		0.6275353043		37.67		37.22		34.4		36.43

				Tomatoes		18		86647512		45.2073975652		41.76365		42.12725		39.85501		41.2486366667		60621040		31.6283686957		41.55		42.25		38.52		40.7733333333

						24		18907136		9.8645926957		39.89265		40.27055		36.88937		39.0175233333		8335384		4.348896		39.52		40.18		35.98		38.56

						30		3241320		1.6911234783		39.18776		39.40986		35.69337		38.0969966667		2236400		1.1668173913		38.35		39.14		35.26		37.5833333333

						36		1347632		0.7031123478		37.67987		37.75263		34.88718		36.7732266667		1237432		0.6456166957		36.16		37.2		34.13		35.83
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Sheet1

								YCoCg-R												RSOnly		(Residue Sampling in All MB)

						QP		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr

				Analog TV		18		178090944		92.9170142609		41.13514		42.38765		36.35462		39.9591366667		119554264		62.3761377391		41.04		42.29		34.83		39.3866666667

						24		57708016		30.108530087		39.63519		39.73549		33.06219		37.4776233333		27109128		14.1438928696		39.81		39.9		31.71		37.14

						30		14698192		7.668621913		38.50935		37.27008		31.0133		35.5975766667		9148288		4.7730198261		38.55		37.37		30.43		35.45

						36		3861496		2.0146935652		36.57728		34.172		29.29188		33.3470533333		2949800		1.539026087		35.65		33.71		28.73		32.6966666667

				Bicycle		18		43933776		22.921970087		43.86973		43.02542		38.77902		41.89139		25477240		13.2924730435		43.68		42.84		37.88		41.4666666667

						24		10564376		5.5118483478		42.07578		40.98993		36.94777		40.0044933333		8479112		4.4238845217		41.68		40.8		36.42		39.6333333333

						30		3953768		2.0628354783		39.3699		38.38246		35.21831		37.65689		3683664		1.9219116522		38.84		38.18		34.58		37.2

						36		1741176		0.9084396522		36.36003		35.37481		32.96246		34.8991		1792408		0.9351693913		35.65		35.16		32.19		34.3333333333

				Card Toss		18		147399968		76.9043311304		41.3917		42.82563		36.51754		40.2449566667		89921216		46.9154170435		41.16		42.72		34.87		39.5833333333

						24		38999640		20.3476382609		39.84941		40.32118		33.43141		37.8673333333		13287528		6.9326233043		40.14		40.32		32.13		37.53

						30		7091064		3.6996855652		38.65509		37.78995		31.7166		36.05388		4376736		2.2835144348		38.57		37.74		31.24		35.85

						36		2197632		1.1465906087		36.64706		34.60059		30.38994		33.8791966667		2147160		1.1202573913		35.64		34.3		29.92		33.2866666667

				Dinner		18		159720344		83.3323533913		41.31065		42.53818		36.44817		40.099		101317320		52.8612104348		41.22		42.48		34.93		39.5433333333

						24		44446832		23.1896514783		39.76397		39.9282		33.22732		37.63983		15616104		8.1475325217		40.14		40.06		32		37.4

						30		7932016		4.1384431304		38.70922		37.68827		31.54998		35.98249		4525704		2.3612368696		38.47		37.61		31.22		35.7666666667

						36		1977144		1.0315533913		36.58455		34.91271		30.58056		34.02594		2042560		1.0656834783		35.8		34.71		30.32		33.61

				Restaurant		18		23830736		12.4334274783		45.98022		44.43595		39.60156		43.3392433333		10139360		5.2901008696		45.83		44.35		38.77		42.9833333333

						24		4337080		2.2628243478		44.76585		42.93856		38.36227		42.0222266667		3727000		1.9445217391		43.96		42.81		37.85		41.54

						30		1976264		1.0310942609		42.27208		40.56565		37.05502		39.96425		2006032		1.0466253913		41.17		40.34		36.45		39.32

						36		1060088		0.5530893913		39.13005		37.5643		35.13198		37.2754433333		1202776		0.6275353043		37.67		37.22		34.4		36.43

				Tomatoes		18		86647512		45.2073975652		41.76365		42.12725		39.85501		41.2486366667		60621040		31.6283686957		41.55		42.25		38.52		40.7733333333

						24		18907136		9.8645926957		39.89265		40.27055		36.88937		39.0175233333		8335384		4.348896		39.52		40.18		35.98		38.56

						30		3241320		1.6911234783		39.18776		39.40986		35.69337		38.0969966667		2236400		1.1668173913		38.35		39.14		35.26		37.5833333333

						36		1347632		0.7031123478		37.67987		37.75263		34.88718		36.7732266667		1237432		0.6456166957		36.16		37.2		34.13		35.83





RGB 10M

		





RGB 10M

		92.9170142609		62.3761377391

		30.108530087		14.1438928696

		7.668621913		4.7730198261

		2.0146935652		1.539026087



YCoCg-R

RSOnly

Mbps

PSNR(dB)

AnalogTV

39.9591366667

39.3866666667

37.4776233333

37.14

35.5975766667

35.45

33.3470533333

32.6966666667



G 10M

		22.921970087		13.2924730435

		5.5118483478		4.4238845217

		2.0628354783		1.9219116522

		0.9084396522		0.9351693913



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Bicycle

41.89139

41.4666666667

40.0044933333

39.6333333333

37.65689

37.2

34.8991

34.3333333333



vsYCR

		76.9043311304		46.9154170435

		20.3476382609		6.9326233043

		3.6996855652		2.2835144348

		1.1465906087		1.1202573913



YCoCg-R

RSOnly

Mbps

PSNR(dB)

CardToss

40.2449566667

39.5833333333

37.8673333333

37.53

36.05388

35.85

33.8791966667

33.2866666667



		83.3323533913		52.8612104348

		23.1896514783		8.1475325217

		4.1384431304		2.3612368696

		1.0315533913		1.0656834783



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Dinner

40.099

39.5433333333

37.63983

37.4

35.98249

35.7666666667

34.02594

33.61



		12.4334274783		5.2901008696

		2.2628243478		1.9445217391

		1.0310942609		1.0466253913

		0.5530893913		0.6275353043



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Restaurant

43.3392433333

42.9833333333

42.0222266667

41.54

39.96425

39.32

37.2754433333

36.43



		45.2073975652		31.6283686957

		9.8645926957		4.348896

		1.6911234783		1.1668173913

		0.7031123478		0.6456166957



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Tomatoes

41.2486366667

40.7733333333

39.0175233333

38.56

38.0969966667

37.5833333333

36.7732266667

35.83



		





		92.9170142609		62.3761377391

		30.108530087		14.1438928696

		7.668621913		4.7730198261

		2.0146935652		1.539026087



YCoCg-R

RSOnly

Mbps

PSNR(dB)

AnalogTV

42.38765

42.29

39.73549

39.9

37.27008

37.37

34.172

33.71



		22.921970087		13.2924730435

		5.5118483478		4.4238845217

		2.0628354783		1.9219116522

		0.9084396522		0.9351693913



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Bicycle

43.02542

42.84

40.98993

40.8

38.38246

38.18

35.37481

35.16



		76.9043311304		46.9154170435

		20.3476382609		6.9326233043

		3.6996855652		2.2835144348

		1.1465906087		1.1202573913



YCoCg-R

RSOnly

Mbps

PSNR(dB)

CardToss

42.82563

42.72

40.32118

40.32

37.78995

37.74

34.60059

34.3



		83.3323533913		52.8612104348

		23.1896514783		8.1475325217

		4.1384431304		2.3612368696

		1.0315533913		1.0656834783



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Dinner

42.53818

42.48

39.9282

40.06

37.68827

37.61

34.91271

34.71



		12.4334274783		5.2901008696

		2.2628243478		1.9445217391

		1.0310942609		1.0466253913

		0.5530893913		0.6275353043



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Restaurant

44.43595

44.35

42.93856

42.81

40.56565

40.34

37.5643

37.22



		45.2073975652		31.6283686957

		9.8645926957		4.348896

		1.6911234783		1.1668173913

		0.7031123478		0.6456166957



YCoCg-R

RSOnly

Mbps

PSNR(dB)

Tomatoes

42.12725

42.25

40.27055

40.18

39.40986

39.14

37.75263

37.2



		10Mbps		PSNR difference (dB)

		Color Comp.		RGB		G		R		B

		AnalogTV		0.8		1.6		0.8		0.0

		Bicycle		0.2		0.5		0.3		-0.1

		CardToss		0.7		1.4		1.0		-0.2

		Dinner		0.8		1.5		1.0		-0.1

		Restaurant		0.4		0.4		0.4		0.0

		Tomatoes		0.0		0.4		0.1		-0.3

		AVE		0.5		1.0		0.6		-0.1






