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In Geneva meeting, an AHG is formed to evaluate GMVC [1], GMC [2], and “Motion Copy” [3]. This contribution provides results of the experiments conducted by Sharp. It will hopefully provide useful information for the AHG and JVT to reach a final decision.
1. Introduction

GMVC has been proposed in earlier meetings [1]. The algorithm has been upgraded to JM1.7 during the AHG studies. In summary, a GMVC_Flag symbol is put into the slice header of P frames (Table 1) to signal GMVC_off(0), GMVC_Perspective(2), or GMVC_Affine(1) that assumes rxy [1] being zero. In the MB layer, the conventional copy mode for an MB is replaced by a GMVC_COPY mode as in [1] when GMVC_flag is ON (1 or 2). An additional GMVC_BLOCK mode is defined as a sub-partition mode (Table 2) for the 8x8 (split) MB mode when GMVC_flag is ON. For all the GMVC blocks, the motion vectors are derived from a set of global motion vectors coded with a slice header; therefore, the motion vectors for these blocks need not be explicitly coded for each block or MB.

Table 1. Code number of GMVC_flag

	Code number
	GMVC_flag

	0
	No GMVC block 

	1
	Affine model with 
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 as 0

	2
	Perspective model


Table 2. Modes for 8x8 sub-partitions in P-frames when GMVC_flag is on

	Code number
	8x8 partition mode
	CABAC Binarization

	0
	8x8
	1

	1
	8x4
	000

	2
	4x8
	0011

	3
	4x4
	0010

	4
	Intra
	010

	5
	GMVC8x8
	011


The “Motion Copy”, as suggested by Nokia, replaces the conventional copy mode with a “motion copy” MB mode. The motion vector for the “motion copy” mode is derived as the following: if one of the two block neighbors (Up, Left) has a zero motion vector, the motion vector for the SKIP mode Macroblock is zero; otherwise the median predicted motion vector for Inter 16x16 mode is used.

Experiments have been conducted to compare the GMVC and “Motion Copy”, and the results provided in the next Section have already been released to the AHG. 
2. Experiments

The Experiments were based on JM1.7. The “Motion Copy” codec was kindly provided by Nokia to the AHG. The GMVC codec was also released to the AHG. For all the following experiments, RDOPT is on, search range is 32, number of reference frames is 5, all MB modes are enabled, and the symbol mode is UVLC.

2.1 P-frame coding

Thirteen sequences were tested for P-frame coding. Table 3 shows the results. On average, “Motion Copy” achieves better coding gain (0.092dB) than GMVC (0.077dB) in our experiment.

Table 3. Comparison between GMVC and “Motion Copy” for P-frame Coding
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2.2 B-frame coding

Seven sequences were tested for B-frame coding. Two B frames were inserted before each P frame. The results are shown in Table 4. On average, GMVC performs better (0.075dB) than “Motion Copy” (0.014dB) when B frames are considered. 

Table 4. Comparison between GMVC and “Motion Copy” for B-frame Coding
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2.3 Slice-mode coding

Six sequences were selected by the AHG for this part of experiments. Slice mode is set to 1. Slice argument is 22 for QCIF, and 44 for CIF sequences. Results are available in Table 5. GMVC performs on average also better (0.101dB) for this case than “Motion Copy” (0.063dB).

Table 5. Comparison between GMVC and “Motion Copy” for Slice-mode Coding
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3. Combination of GMVC and “Motion Copy” [5]

The AHG has considered a method to combine the GMVC [1] and “Motion Copy” proposals [3]. The “zero motion” block mode proposed in JVT-C022 [4] is also considered.

Table 6. Code number of GMVC_flag

	Code number
	GMVC_flag

	0
	No GMVC block 

	1
	translational model with 
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r

 only

	2
	Perspective model


In the P-picture slice layer, the GMVC_flag header is redefined as Table 6.

The MB mode when GMVC_flag is on is defined in Table 7. When GMVC_flag is off, the MB mode list is same as that of JM1. The mode for 8x8 sub partitioning in P-picture is defined in Table 8 (same as Table 2) when GMVC_flag is on, and it is defined as Table 9 when GMVC_flag is off. 

The new Skip MB is defined as the following:

+ When GMVC_flag is on (code number 1 or 2), Skip mode is treated as
(1) When more than half of the six neighbor blocks (two left, one up left, two up, one up right blocks) are coded as the GMVC block, then the motion information of the MB is calculated from global motion vector (, this is also called as GMVC_COPY). Otherwise move to (2).

(2) When more than one of the four neighbor blocks (one left, one up left, one up, one up right blocks) has a zero motion vector, the motion vector of the MB is set to zero. Otherwise move to (3).

(3) The motion vector of the MB is calculated from the median predicted motion vector as same as that used for Inter 16x16 mode.
+ When GMVC_flag is off (code number 0), Skip mode is defined as (similar to “Motion Copy”)

(1) When more than one of the four neighbor blocks (one left, one up left, one up, one up right blocks) has a zero motion vector, the motion vector of the MB is set to zero. Otherwise move to (2).

(2) The motion vector of the MB is calculated from the median predicted motion vector as same as that used for Inter 16x16 mode.
Table 7. Macroblock modes for P-frames when GMVC_flag is on

	Code number
	Macroblock mode
	CABAC Binarization

	0
	Skip (GMVC_COPY or Mcopy)
	0

	1
	16x16
	1000

	2
	16x8
	1011

	3
	8x16
	10100

	4
	8x8 (split)
	1001

	5 (UVLC only)
	8x8 (split, all ref=0)
	

	6
	GMVC16x16
	10101

	7
	Intra4x4
	110

	8 …
	Intra16x16
	111


Table 8. Modes for 8x8 sub-partitions in P-frames when GMVC_flag is on

	Code number
	8x8 partition mode
	CABAC Binarization

	0
	8x8
	1

	1
	8x4
	000

	2
	4x8
	0011

	3
	4x4
	0010

	4
	Intra
	010

	5
	GMVC8x8
	011


Table 9. Modes for 8x8 sub-partitions in P-frames when GMVC_flag is off

	Code number
	8x8 partition mode
	CABAC Binarization

	0
	8x8
	1

	1
	8x4
	000

	2
	4x8
	0011

	3
	4x4
	0010

	4
	Intra
	010

	5
	8x8noMV (zeromotion)
	011


GMVC16x16 mode expresses the MB whose motion vector for MC is calculated from global motion vectors [1]. And GMVC8x8 mode expresses the sub partition whose motion vector for MC is derived from global motion vectors [1]. 8x8noMV mode expresses the sub partition that has “zero motion”, but has transformed coefficient data. This is the same as proposed in [4].
The experimental results of the combination are presented in [5]. The integrated method outperforms original GMVC, Mcopy, and Mcopy_r1.

Summary

Since there is no clear consensus from the AHG effort, as suggested by the AHG, we continue to propose the GMVC, and strongly recommend that JVT consider the integration presented in Section 3.
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_1081426968.xls
P-coding

		sequences		frame rate		number of frames		QP		PSNRY (JM-1.7)		bitrate (JM-1.7)		PSNRY (GMVC)		bitrate (GMVC)		GMVC bit saving		GMVC ave. saving (avsnr)		GMVC ave. dB gain (avsnr)		PSNRY (MC)		bitrate (MC)		MC bit saving		MC ave. saving (avsnr)		MC ave. dB gain (avsnr)

		foreman_qcif		10		100		16		36.247		73607		36.228		72898		0.96%		2.53%		0.138		36.225		72609		1.36%		2.47%		0.134

								20		33.713		47111		33.648		45953		2.46%						33.645		45926		2.52%

								24		31.146		29777		31.073		28406		4.60%						31.061		28468		4.40%

								28		28.579		18889		28.326		17006		9.97%						28.445		17275		8.54%

		mobile_cif		30		300		16		34.129		1587183		34.114		1579741		0.47%		2.29%		0.103		34.118		1580514		0.42%		2.69%		0.118

								20		31.007		829897		30.981		819432		1.26%						30.978		818998		1.31%

								24		28.11		423221		28.038		404877		4.33%						28.03		402906		4.80%

								28		25.205		240756		25		213202		11.44%						24.969		206050		14.42%

		tempete_cif		30		300		16		35.13		1207823		35.134		1206248		0.13%		0.64%		0.027		35.117		1203377		0.37%		1.98%		0.081

								20		32.245		619039		32.228		615228		0.62%						32.209		611548		1.21%

								24		29.544		316598		29.518		312579		1.27%						29.491		304236		3.90%

								28		26.823		172786		26.732		165475		4.23%						26.697		156139		9.63%

		coast_cif		30		260		16		34.528		1268547		34.51		1256089		0.98%		4.29%		0.141		34.494		1255815		1.00%		3.37%		0.113

								20		31.764		660768		31.732		643540		2.61%						31.728		645672		2.28%

								24		29.207		313220		29.144		289852		7.46%						29.148		293333		6.35%

								28		26.808		135634		26.719		113560		16.27%						26.725		117769		13.17%

		stefan_cif		30		300		16		35.696		1321289		35.696		1314713		0.50%		1.80%		0.091		35.678		1312238		0.69%		2.35%		0.116

								20		32.755		724430		32.743		716700		1.07%						32.734		714444		1.38%

								24		29.881		405388		29.829		393561		2.92%						29.821		389938		3.81%

								28		26.869		239514		26.754		221912		7.35%						26.722		216342		9.67%

		stefan_qcif		15		150		16		34.467		268687		34.457		268094		0.22%		0.76%		0.041		34.448		268083		0.22%		0.49%		0.027

								20		31.211		158226		31.223		157212		0.64%						31.191		157276		0.60%

								24		28.155		91735		28.137		90875		0.94%						28.136		90941		0.87%

								28		25.134		51502		25.042		49716		3.47%						25.056		49800		3.30%

		foreman_cif		30		300		16		36.634		461318		36.58		448584		2.76%		6.00%		0.267		36.57		445335		3.46%		7.87%		0.351

								20		34.279		270010		34.184		255714		5.29%						34.177		251430		6.88%

								24		32.036		169279		31.884		151779		10.34%						31.874		146986		13.17%

								28		29.684		111510		29.406		90711		18.65%						29.459		89842		19.43%

		bus_cif		30		150		16		35.063		1211691		35.056		1201827		0.81%		3.22%		0.147		35.038		1199598		1.00%		3.18%		0.148

								20		32.256		698562		32.228		684459		2.02%						32.199		680002		2.66%

								24		29.584		400730		29.524		380483		5.05%						29.496		377072		5.90%

								28		26.981		230867		26.856		202261		12.39%						26.878		205792		10.86%

		flower_cif		30		250		16		34.808		1692755		34.811		1689187		0.21%		1.23%		0.062		34.809		1688963		0.22%		1.20%		0.060

								20		31.481		976583		31.484		970323		0.64%						31.475		970263		0.65%

								24		28.209		516173		28.189		507543		1.67%						28.183		507259		1.73%

								28		24.872		248100		24.834		236742		4.58%						24.806		234005		5.68%

		container_qcif		10		100		16		36.095		24850		36.095		24858		-0.03%		-0.10%		-0.005		36.078		24609		0.97%		1.69%		0.081

								20		33.56		14131		33.56		14144		-0.09%						33.54		14062		0.49%

								24		30.862		8563		30.862		8571		-0.09%						30.864		8297		3.11%

								28		28.172		4990		28.172		5000		-0.20%						28.139		4820		3.41%

		news_qcif		10		100		16		36.848		47493		36.848		47504		-0.02%		-0.05%		-0.003		36.862		47586		-0.20%		-0.25%		-0.013

								20		34.055		29818		34.055		29828		-0.03%						34.037		29992		-0.58%

								24		31.132		18330		31.132		18340		-0.05%						31.137		18310		0.11%

								28		28.246		10806		28.246		10817		-0.10%						28.276		10872		-0.61%

		silent_qcif		15		150		16		36.053		59046		36.053		59062		-0.03%		-0.06%		-0.003		36.048		59124		-0.13%		-0.18%		-0.013

								20		33.378		37015		33.378		37031		-0.04%						33.366		36804		0.57%

								24		30.85		21886		30.85		21906		-0.09%						30.817		21975		-0.41%

								28		28.341		12451		28.341		12463		-0.10%						28.329		12300		1.21%

		paris_cif		15		150		16		35.641		329730		35.641		329742		-0.00%		-0.01%		-0.001		35.636		329887		-0.05%		-0.15%		-0.007

								20		32.739		196676		32.739		196691		-0.01%						32.728		197227		-0.28%

								24		29.911		112323		29.911		112337		-0.01%						29.896		112115		0.19%

								28		26.986		60735		26.986		60749		-0.02%						26.988		60302		0.71%

		total average																		1.73%		0.077								2.05%		0.092
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B-coding

		sequences		frame rate		number of frames		QP		PSNRY (JM-1.7)		bitrate (JM-1.7)		PSNRY (GMVC)		bitrate (GMVC)		GMVC bit saving		GMVC ave. saving (avsnr)		GMVC ave. dB gain (avsnr)		PSNRY (MC)		bitrate (MC)		MC bit saving		MC ave. saving (avsnr)		MC ave. dB gain (avsnr)

		foreman_qcif		10		100		16		36.006		67067		35.986		66581		0.72%		0.57%		0.031		35.958		66853		0.32%		0.37%		0.020

								20		33.397		42348		33.365		41745		1.42%						33.363		42244		0.25%

								24		30.796		26165		30.751		25832		1.27%						30.75		25704		1.76%

								28		28.153		16083		28.047		15730		2.19%						28.109		15665		2.60%

		coast_cif		30		300		16		34.315		1153695		34.299		1148157		0.48%		0.48%		0.014		34.297		1150391		0.29%		0.51%		0.014

								20		31.583		553010		31.577		548843		0.75%						31.567		550581		0.44%

								24		29.11		246259		29.071		241667		1.86%						29.073		241967		1.74%

								28		26.755		100110		26.687		96854		3.25%						26.703		94707		5.40%

		stefan_cif		30		300		16		35.375		1396144		35.391		1338442		4.13%		3.75%		0.192		35.37		1394333		0.13%		-0.84%		-0.043

								20		32.387		753609		32.39		727459		3.47%						32.369		758374		-0.63%

								24		29.515		418620		29.515		403071		3.71%						29.488		420095		-0.35%

								28		26.562		242452		26.503		230810		4.80%						26.488		242089		0.15%

		stefan_qcif		15		150		16		34.147		280486		34.163		271687		3.14%		3.37%		0.192		34.14		280405		0.03%		-0.09%		0.000

								20		30.903		163293		30.901		157433		3.59%						30.88		165101		-1.11%

								24		27.858		94780		27.863		91672		3.28%						27.86		92997		1.88%

								28		24.889		53274		24.85		51420		3.48%						24.877		53795		-0.98%

		foreman_cif		30		300		16		36.434		423462		36.399		420141		0.78%		1.03%		0.043		36.397		420913		0.60%		2.06%		0.089

								20		34.085		243244		34.019		237694		2.28%						34.017		237166		2.50%

								24		31.809		145128		31.706		139033		4.20%						31.727		137489		5.26%

								28		29.51		89606		29.294		86201		3.80%						29.346		83674		6.62%

		bus_cif		30		150		16		34.792		1153673		34.79		1150291		0.29%		0.75%		0.033		34.778		1149976		0.32%		0.51%		0.023

								20		31.96		636626		31.954		634309		0.36%						31.947		633890		0.43%

								24		29.277		346881		29.262		342375		1.30%						29.239		341436		1.57%

								28		26.713		187959		26.669		181462		3.46%						26.652		182011		3.16%

		flower_cif		30		250		16		34.606		1611456		34.603		1610074		0.09%		0.37%		0.018		34.597		1610845		0.04%		-0.08%		-0.004

								20		31.232		868775		31.233		867502		0.15%						31.232		869284		-0.06%

								24		28.009		430266		27.998		426953		0.77%						27.999		429612		0.15%

								28		24.755		204543		24.731		201587		1.45%						24.735		203914		0.31%

		total average																		1.47%		0.075								0.35%		0.014
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slice mode 1

		sequences		frame rate		number of frames		QP		PSNRY (JM-1.7)		bitrate (JM-1.7)		PSNRY (GMVC)		bitrate (GMVC)		GMVC bit saving		GMVC ave. saving (avsnr)		GMVC ave. dB gain (avsnr)		PSNRY (MC)		bitrate (MC)		MC bit saving		MC ave. saving (avsnr)		MC ave. dB gain (avsnr)

		foreman_qcif		10		100		16		36.227		78723		36.212		78265		0.58%		0.48%		0.029		36.215		78067		0.83%		1.26%		0.077

								20		33.686		51692		33.639		51391		0.58%						33.651		51237		0.88%

								24		31.112		34459		31.045		33850		1.77%						31.095		33734		2.10%

								28		28.547		22969		28.334		21762		5.25%						28.431		21882		4.73%

		coast_cif		15		150		16		34.549		879432		34.533		874844		0.52%		2.04%		0.073		34.529		876978		0.28%		1.15%		0.040

								20		31.821		482649		31.798		475651		1.45%						31.809		477887		0.99%

								24		29.267		239290		29.215		229375		4.14%						29.234		233831		2.28%

								28		26.837		106647		26.749		96650		9.37%						26.794		101161		5.14%

		stefan_cif		15		150		16		35.572		939480		35.58		901714		4.02%		4.76%		0.272		35.558		947026		-0.80%		0.83%		0.046

								20		32.619		558370		32.629		527362		5.55%						32.604		551605		1.21%

								24		29.734		319666		29.705		306893		4.00%						29.705		315844		1.20%

								28		26.748		194980		26.691		181010		7.16%						26.676		187332		3.92%

		foreman_cif		15		150		16		36.6		326808		36.539		321529		1.62%		3.03%		0.149		36.573		322120		1.43%		2.60%		0.131

								20		34.25		199854		34.148		192354		3.75%						34.205		195316		2.27%

								24		32.001		127860		31.86		119889		6.23%						31.955		122386		4.28%

								28		29.706		87567		29.444		77098		11.96%						29.62		81586		6.83%

		bus_cif		15		75		16		35		776387		34.987		775016		0.18%		1.24%		0.061		34.984		775374		0.13%		1.30%		0.067

								20		32.188		467634		32.162		463029		0.98%						32.161		462018		1.20%

								24		29.497		279058		29.47		273605		1.95%						29.463		271915		2.56%

								28		26.927		165906		26.856		156024		5.96%						26.852		158350		4.55%

		flower_cif		15		125		16		34.772		1115548		34.766		1113578		0.18%		0.42%		0.024		34.77		1114123		0.13%		0.36%		0.019

								20		31.48		676267		31.471		674382		0.28%						31.473		674624		0.24%

								24		28.208		377710		28.198		375008		0.72%						28.204		376161		0.41%

								28		24.85		188316		24.826		184876		1.83%						24.841		185420		1.54%

		average																		2.00%		0.101								1.25%		0.063
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