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1. Introduction

GMC and GMVC have efficient functionality to express global motions. Since global motions exist naturally in captured videos, such functionality is well-suited for coding of natural videos. In the last few JVT meetings, GMC and GMVC for P-pictures have been proposed in various figures [1,2,3]. In [2], the syntax of GMVC is successfully integrated into MB types. And in [3], the high coding efficiency of GMC is demonstrated with other syntax than [2]. In this documents, the upgraded syntax from [2] for GMC and GMVC is proposed for P-pictures. And additionally GMC scheme for B-picture is also proposed. 

2. GMC

2.1. ME

At the encoder side, motion estimation of global motions (GME) is needed. In GME, the global motion vector is estimated and the additional reference picture by warping is generated, and such picture is used for usual motion estimation. Warped picture is generated from the original picture with the same method of motion compensation, which is described in MC section. Note that for GMVC, GME only provide the global motion vector. Generation of warped picture is not necessary.
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Figure 1. Typical block diagram at the encoder side in GMC

GME is one of essential features on GMC. There are many methods reported mainly in terms of the improvement of global motion accuracy and the reduction of estimation complexity. In [4,5], one of high accuracy but low complexity methods is described. The summary of it is as follows. At first, motion vectors of all MBs between two original pictures are estimated by conventional motion estimation, such as block matching. Then three global motion parameter (
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) are estimated by statistical calculation from motion vectors of all MBs, Global motion parameter 
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 expresses horizontal or vertical pan feature respectively. The relation between the original position (x,y) and the warped point (x’,y’) is as follows.
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And finally the global motion vector, which consists of four parameters (
[image: image9.wmf]00

v

,
[image: image10.wmf]0

H

v

,
[image: image11.wmf]V

v

0

,
[image: image12.wmf]HV

v

), is calculated from (
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) expresses motion information of pixels at the corners of the picture. From this global motion vector, the motion information at each pixel (x,y) is calculated by (2), 
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where H or V is width or height of picture respectively, and 
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are defined as follows. The exact formula is described in the explanation of the semantic of GMC blocks.
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Figure 2. Global motion vector used for calculating motion vectors at each pixel

Usual motion estimation in the warped reference picture can be additionally applied. From this motion estimation, the motion information at each pixel (x,y) is calculated by (4), instead of (2), 
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where mv(x,y) expresses the motion vector at the Block in which the pixel (x,y) exists. The exact formula is described in the explanation of the semantic of GMC blocks.
Expression of global motion vector as (
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) is effective on execution of GME. When GME is conducted between two original pictures, global motion vectors between discontinuous pictures can be calculated from addition of several global motion vectors between continuous pictures. For instance, for three subsequent pictures P1, P2, and, P3, the global motion vector between P1 and P3 (GMV13=(
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)) is calculated by (5), where GMV12=(
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) expresses the global motion vector between P1 and P2, or P2 and P3 respectively.
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This scheme is effective for reducing the complexity of GME in case of P2 is coded as B-picture, in a fast motion scene.
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Figure 3. GME for discontinuous pictures

In terms of RD optimization including GMC, there seems no confidential paper available. And in the current JM software RD optimization is only applied within the motion estimation and the mode decision of each MB. Therefore currently GMC can be tested under the adverse situation where GMC is not optimized, in contrast to the other MB basis techniques.

2.2. MC

JM1 originally has 1/4 pel MC mode and 1/8 pel MC mode [6]. In 1/4 pel MC, image at 1/2 pel position is at first generated by interpolation of surrounding image at pixel position using the 6 tap filter, and next, image at 1/4 pel position is generated by linear interpolation of surrounding images at 1/2 pel positions. In 1/8 pel MC, image at 1/8 pel position is generated by interpolation of surrounding image at 1/4 pel position using the 8 tap filter.

In the GMC block, warped image is always generated in the 1/8 pel accuracy. When 1/4 pel MC mode, motion information at each pixel is calculated, and luminance image at 1/8 pel position is generated by linear interpolation of surrounding images at 1/2 pel positions. Figure 4 illustrates the arrangement of integer and half pel positions (H1, H2, H3,and H4), and 1/8 pel positions (a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,p,q,r,s,t, and u). Luminance image data at each 1/8 pel position is calculated as follows.
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Figure 4. Interpolation for GMC in 1/4 pel MC mode





a = (3 H1 + H2)>>2





b = (H1 + H2)>>1





c = (H1 + 3 H2)>>2





d = (3 H1 + H3)>>2





e = (9 H1 + 3 (H2 + H3)+ H4)>>4





f = (3 (H1 + H2)+ H3 + H4)>>3





g = (9 H2 + 3 (H1 + H3)+ H4)>>4





h = (3 H2 + H4)>>2





i = (H1 + H3)>>1





j = (3 (H1 + H3)+ H2 + H4)>>3





k = (H1 + H2 + H3 + H4)>>2





l = (3 (H2 + H4)+ H1 + H3)>>3





m = (H2 + H4)>>1





n = (H1 + 3 H3)>>2





o = (9 H3 + 3 (H1 + H4)+ H2)>>4





p = (3 (H3 + H4)+ H1 + H2)>>3





q = (9 H4 + 3 (H2 + H3)+ H1)>>4





r = (H2 + 3 H4)>>2





s = (3 H3 + H4)>>2





t = (H3 + H4)>>1





u = (H3 + 3 H4)>>2

And when 1/8 pel MC mode, luminance image at 1/8 pel position is generated by the same method of usual MC.

And chrominance image data is generated in the same way of the normal MC.

The method of motion information calculation is described in the explanation of the semantic of GMC blocks.

2.3. Syntax

2.3.1. Slice layer

At the Slice layer, GMC type (GMCT) to switch whether the GMC block exists or not is defined, and coded just after Picture type (Ptype). And when GMCT is set to 1, global motion vector (
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) is coded sequentially just after GMCT, and when GMCT is set to 2, global motion vector (
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) is coded sequentially just after GMCT. The accuracy of the global motion vector (
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) is the same for the normal MC.

Table 1: Code number of GMCT

	Code number
	GMCT

	0
	No GMC block exists

	1
	Translated GMC block exists

	2
	Warped GMC block exists


2.3.2. MB layer

The syntax diagram of MB layer is not changed. The modified or additional MB mode is defined. This MB mode is different depending on GMCT.

The MB mode in P-picture when GMCT is on, where code number of GMCT is whether 1 or 2, is defined as listed in Table 2, and when GMCT is off, where code number of GMCT is 0, it is the same as for the JM1. The mode for 8x8 sub partitioning in P-picture is defined in Table 3 for when GMCT is on. And it is defined in Table 4 for when GMCT is off, where this is the same for Mcopy_r1 mode [7].

Table 2: Macroblock modes for P-frames when GMCT is on

	Code number
	Macroblock mode
	CABAC Binarization

	0
	Skip
	0

	1
	16x16
	1000

	2
	16x8
	1011

	3
	8x16
	10100

	4
	8x8 (split)
	1001

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

	6
	GMC16x16
	10101

	7
	Intra4x4
	110

	8 …
	Intra16x16
	111


Table 3: Modes for 8x8 sub-partitions in P-frames when GMCT is on
	Code number
	8x8 partition mode
	CABAC Binarization

	0
	8x8
	1

	1
	8x4
	000

	2
	4x8
	0011

	3
	4x4
	00100

	4
	Intra
	010

	5
	GMC8x8
	011

	6
	GMCLMV8x8
	001010

	7
	GMCLMV4x4
	001011


Table 4: Modes for 8x8 sub-partitions in P-frames when GMCT 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
	011


The MB mode in B-picture when GMCT is on is defined as listed in Table 5, and the mode for 8x8 sub partitioning in B-picture is defined in Table 6. When GMCT is off, these are the same as for the JM1.

Table 5: Macroblock modes for B-frames when GMCT is on

	Code number
	Macroblock mode
	1. block
	2. block
	CABAC Binarization

	0
	Direct
	
	
	0

	1
	16x16
	Forw.
	
	1000

	2
	16x16
	Backw.
	
	101

	3
	16x16
	Bidirect.
	
	110000

	4
	16x8
	Forw.
	Forw.
	110001

	5
	8x16
	Forw.
	Forw.
	110010

	6
	16x8
	Backw.
	Backw.
	110011

	7
	8x16
	Backw.
	Backw.
	110100

	8
	16x8
	Forw.
	Backw.
	110101

	9
	8x16
	Forw.
	Backw.
	110110

	10
	16x8
	Backw.
	Forw.
	110111

	11
	8x16
	Backw.
	Forw.
	111110

	12
	16x8
	Forw.
	Bidirect.
	1110000

	13
	8x16
	Forw.
	Bidirect.
	1110001

	14
	16x8
	Backw.
	Bidirect.
	1110010

	15
	8x16
	Backw.
	Bidirect.
	1110011

	16
	16x8
	Bidirect.
	Forw.
	1110100

	17
	8x16
	Bidirect.
	Forw.
	1110101

	18
	16x8
	Bidirect.
	Backw.
	1110110

	19
	8x16
	Bidirect.
	Backw.
	1110111

	20
	16x8
	Bidirect.
	Bidirect.
	1111000

	21
	8x16
	Bidirect.
	Bidirect.
	1111001

	22
	8x8(split)
	
	
	111111

	23
	GMC16x16
	
	
	1001

	24
	Intra4x4
	
	
	1111010

	25 …
	Intra16x16
	
	
	1111011


Table 6: Modes for 8x8 sub-partitions in B-frames when GMCT is on
	Code number
	8x8 partition mode
	Prediction
	CABAC Binarization

	0
	Direct
	
	0

	1
	8x8
	Forw.
	1000

	2
	8x8
	Backw.
	101

	3
	8x8
	Bidirect.
	11000

	4
	8x4
	Forw.
	11001

	5
	4x8
	Forw.
	11010

	6
	8x4
	Backw.
	11011

	7
	4x8
	Backw.
	111000

	8
	8x4
	Bidirect.
	111001

	9
	4x8
	Bidirect.
	111010

	10
	4x4
	Forw.
	111011

	11
	4x4
	Backw.
	111100

	12
	4x4
	Bidirect.
	111101

	13
	Intra
	
	11111

	14
	GMC8x8
	
	1001


2.4. Semantic of Skip MB and no residual Direct MB

2.4.1. P-picture

In P-picture, the semantic of Skip mode is changed depending on premeditated conditions. Skip MB can have motion information calculated from motion vectors of surrounding blocks or from global motion vector depending on premeditated conditions.

2.4.1.1. When GMCT is on

When GMCT is on (code number is whether 1 or 2), Skip mode is treated as follows, where motion information of GMC block is calculated by formula (2).

(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 GMC block, then the motion information of the MB is calculated from global motion vector. 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 the same for Inter 16x16 mode is used.
2.4.1.2. When GMCT is off

When GMCT is off (code number is 0), Skip mode is treated as follows. This is the same operation in Mcopy and Mcopy_r1 techniques [8][9].

(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 the same for Inter 16x16 mode is used.
2.4.2. B-picture

In B-picture, the semantic of no residual Direct mode is changed depending on premeditated conditions. No residual Direct mode can have motion information calculated from global motion vector depending on premeditated conditions, when GMCT is on.

When GMCT is on (code number is whether 1 or 2), no residual Direct mode is treated as follows, where motion information of GMC block is calculated by formula (2)

(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 GMC block, then the motion information of the MB is calculated from global motion vector. Otherwise move to (2).

(2) The motion vector of the MB is calculated from the same as for the normal Direct mode.
2.5. Semantic of GMC16x16, GMC8x8, GMCLMV8x8, or GMCLMV4x4 mode

GMC16x16 mode expresses the MB whose motion information for luminance MC is calculated from global motion vector using formula (6). And GMC8x8 mode expresses the sub partition whose motion information for luminance MC is calculated from global motion vector using formula (6). When code number of GMCT is 1, the global motion vector (
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) is set to zero, then formula (7) is used instead of (6).
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For chrominance MC, motion information is calculated by dividing the motion information for the corresponding upper luminance by two. 

For median prediction of motion vector for the normal MC block, the motion information at the top left integer position in the block is used. And for direct mode for the B-picture, the motion information at the top left integer position in the block is used.

In this mode, the ref_frame is not coded explicitly, and it is always set to zero.

GMCLMV8x8 mode expresses the sub partition that has motion vector data per an 8x8 partitioning and its motion information for MC is calculated from global motion vector using formula (8). And GMCLMV4x4 mode expresses the sub partition that has motion vector data per an 4x4 partitioning and its motion information for MC is calculated from global motion vector using formula (8). When code number of GMCT is 1, the global motion vector (
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) is set to zero, then formula (9) is used instead of (8).
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For chrominance MC, motion information is calculated by dividing the motion information for the corresponding upper luminance by two. 

For median prediction of motion vector for the normal MC block, zero motion is used. And for direct mode for the B-picture, the motion information at the top left integer position in the block is used.

In this mode, the ref_frame is not coded explicitly, and it is always set to zero.

2.6. Semantic of 8x8noMV mode

8x8noMV mode expresses the sub partition that has no motion vector data, but has transformed coefficient data. This is the same as for Mcopy_r1 technique [8].

2.7. GMVC

2.7.1. GME

Since GMVC does not have warping functionality, in GME for GMVC only global motion vector is calculated.

2.7.2. MC, Syntax, Semantic

This is the same for described in JVT-C021 [7].

3. Evaluation

Experiments to evaluate GMC with GMVC [7], Mcopy [9], and Mcopy_r1 [8], are conducted following almost the same conditions specified in VCEG-N77r1. GMC, GMVC, Mcopy, and Mcopy_r1 are integrated into the JM1.7 software.
As for including B-picture, modified JM1.7 (namely JM1.7+) is used. The encoder of JM1.7 does not have RD optimization of no residual direct mode, so JM1.7+ includes this optimization in order to compare under fair conditions, because GMC_PB in which B-picture has GMC block is evaluated. GMC_P expresses the case where B-picture does not have GMC block. This optimization is done for Mcopy and Mcopy_r1.

The search range of motion estimation, and the initial Inter16x16 motion search for GME are set to –32 to +32. M1 expresses the IPPP structure (no B-picture), and M3 expresses the IBBP structure (2 B-picture between I,P-picture)
3.1. Results

Table 7 shows BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, UVLC cases, and Table 8 shows BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, CABAC cases.

Table 9 shows BD-bitsaving and BD-PSNR in 1/4 pel MC, M3, UVLC cases, and Table 10 shows BD-bitsaving and BD-PSNR in 1/4 pel MC, M3, CABAC cases.

Table 11 shows BD-bitsaving and BD-PSNR in 1/8 pel MC, M1, UVLC cases, and Table 12 shows BD-bitsaving and BD-PSNR in 1/8 pel MC, M3, UVLC cases only for CIF sequence.

These six tables list the results for 1 reference picture case.

And additionally two 5 reference picture case are experimented. Table 13 shows BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, UVLC cases.

All bitrate and PSNR data and PSNR plots are illustrated in JVT-C043.xls.

3.2. Coding efficiency in P-picture (M1)

GMC achieves the highest coding efficiency for all global motion test sequences (which are highlighted by pink), except foreman (CIF) in 1/4 pel MC CABAC case, and GMVC achieves the second highest coding efficiency. Especially for Tempete, about 5.76 % BD-bitsaving is achieved, while Mcopy achieves 2.53 % BD-bitsaving. On average, about 1 % BD-bitsaving over Mcopy is achieved.

3.3. Coding efficiency in P and B-picture (M3)

GMC_PB achieves the highest coding efficiency for most global motion test sequences (which are highlighted by pink), while GMC_P or GMVC achieves the highest for some sequences (the difference from GMC_PB is within 0.1 % range). And GMC_P achieves the second highest coding efficiency and GMVC achieves the third highest coding efficiency. Especially for Stefan, about 9.68 % BD-bitsaving is achieved, while Mcopy achieves 0.32 % BD-bitsaving. On average, about 2.5 % BD-bitsaving over Mcopy is achieved.

4. Conclusion

We propose GMC with which Mcopy_r1 technique is combined. GMC (GMC_PB) achieves the highest coding efficiency with and without B-pictures. GMVC achieves the second highest coding efficiency.

The difference between GMC and GMVC is mainly 2points. One is that the unit of motion vector generation. In GMC motion vector is generated per each pixel, however in GMVC it is generated per each 4x4 block. The other is that GMC has two additional sub partitioning modes. These modes can refine motion information on the globally moved picture. And GMC and GMVC have the functionality to switch frame by frame to on or off. When GMC is off, Mcopy_r1 technique works.

As for decoder complexity, the additional complexity on Mcopy and Mcopy_r1 techniques is negligible. The additional complexity on GMVC is a bit more and it on GMC is larger. However, this is not the case for translation global motion, where motion vector is calculated by just one addition.
Therefore we propose to adopt GMC where additional one flag to switch GMC or GMVC is added in P-picture, and to adopt GMC_PB. And we propose to continue to study complexity of GMC and GMVC.
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Table 7 BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, UVLC

	sequences
	BD-bitsave [%] BD-PSNR [dB]
	GMC
	GMVC
	Mcopy
	Mcopy_r1

	container_qcif
	bitsave
	0.55
	0.55
	0.59
	0.61

	
	PSNR
	0.02
	0.02
	0.03
	0.03

	news_qcif
	bitsave
	0.42
	0.42
	0.45
	0.47

	
	PSNR
	0.03
	0.03
	0.03
	0.03

	foreman_qcif
	bitsave
	3.95
	3.58
	3.11
	2.98

	
	PSNR
	0.22
	0.20
	0.17
	0.17

	silent_qcif
	bitsave
	-0.85
	-0.85
	-0.61
	-0.79

	
	PSNR
	-0.04
	-0.04
	-0.03
	-0.04

	stefan_qcif
	bitsave
	3.16
	1.59
	0.90
	1.13

	
	PSNR
	0.18
	0.09
	0.05
	0.06

	paris_cif
	bitsave
	0.37
	0.37
	-0.06
	0.38

	
	PSNR
	0.02
	0.02
	0.00
	0.02

	mobile_cif
	bitsave
	5.21
	3.88
	3.63
	3.76

	
	PSNR
	0.26
	0.19
	0.18
	0.19

	tempete_cif
	bitsave
	5.76
	3.95
	2.53
	2.62

	
	PSNR
	0.25
	0.17
	0.11
	0.11

	coast_cif
	bitsave
	4.86
	4.69
	4.19
	4.16

	
	PSNR
	0.18
	0.17
	0.15
	0.15

	stefan_cif
	bitsave
	4.20
	3.15
	2.44
	2.48

	
	PSNR
	0.22
	0.16
	0.13
	0.13

	foreman_cif
	bitsave
	9.20
	8.99
	8.30
	8.13

	
	PSNR
	0.46
	0.45
	0.41
	0.40

	average
	bitsave
	3.35
	2.76
	2.31
	2.36

	
	PSNR
	0.16
	0.13
	0.11
	0.11

	average (GM)
	bitsave
	4.54
	3.73
	3.14
	3.16

	
	PSNR
	0.22
	0.18
	0.15
	0.15


Table 8 BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, CABAC

	sequences
	BD-bitsave [%] BD-PSNR [dB]
	GMC
	GMVC
	Mcopy
	Mcopy_r1

	container_qcif
	bitsave
	-0.28 
	-0.28 
	-0.19 
	-0.02 

	
	PSNR
	-0.01 
	-0.01 
	-0.01 
	0.00 

	news_qcif
	bitsave
	0.22 
	0.22 
	-0.14 
	0.34 

	
	PSNR
	0.01 
	0.01 
	-0.01 
	0.02 

	foreman_qcif
	bitsave
	2.41 
	2.05 
	1.65 
	1.85 

	
	PSNR
	0.13 
	0.11 
	0.09 
	0.10 

	silent_qcif
	bitsave
	-0.49 
	-0.49 
	-0.90 
	-0.36 

	
	PSNR
	-0.02 
	-0.02 
	-0.04 
	-0.02 

	stefan_qcif
	bitsave
	2.55 
	1.01 
	0.11 
	0.25 

	
	PSNR
	0.14 
	0.06 
	0.00 
	0.01 

	paris_cif
	bitsave
	0.41 
	0.41 
	0.29 
	0.35 

	
	PSNR
	0.02 
	0.02 
	0.02 
	0.02 

	mobile_cif
	bitsave
	3.56 
	2.26 
	2.04 
	1.84 

	
	PSNR
	0.17 
	0.11 
	0.10 
	0.09 

	tempete_cif
	bitsave
	5.15 
	3.61 
	1.37 
	1.52 

	
	PSNR
	0.22 
	0.15 
	0.06 
	0.06 

	coast_cif
	bitsave
	2.85 
	2.41 
	1.46 
	1.73 

	
	PSNR
	0.10 
	0.08 
	0.05 
	0.06 

	stefan_cif
	bitsave
	2.82 
	1.77 
	0.95 
	1.12 

	
	PSNR
	0.14 
	0.09 
	0.05 
	0.06 

	foreman_cif
	bitsave
	3.43 
	3.22 
	3.90 
	4.18 

	
	PSNR
	0.15 
	0.14 
	0.17 
	0.18 

	average
	bitsave
	2.06 
	1.47 
	0.96 
	1.17 

	
	PSNR
	0.10 
	0.07 
	0.04 
	0.05 

	average (GM)
	bitsave
	2.85 
	2.04 
	1.44 
	1.56 

	
	PSNR
	0.13 
	0.09 
	0.07 
	0.07 


Table 9 BD-bitsaving and BD-PSNR in 1/4 pel MC, M3, UVLC

	sequences
	BD-bitsave [%] BD-PSNR [dB]
	GMC_P
	GMC_PB
	GMVC
	Mcopy
	Mcopy_r1

	container_qcif
	bitsave
	0.42 
	0.32 
	0.42 
	0.37 
	0.46 

	
	PSNR
	0.02 
	0.01 
	0.02 
	0.02 
	0.02 

	news_qcif
	bitsave
	0.07 
	0.04 
	0.07 
	-0.38 
	0.08 

	
	PSNR
	0.00 
	0.00 
	0.00 
	-0.02 
	0.01 

	foreman_qcif
	bitsave
	1.68 
	1.95 
	1.02 
	0.60 
	0.66 

	
	PSNR
	0.09 
	0.10 
	0.05 
	0.03 
	0.04 

	silent_qcif
	bitsave
	0.22 
	0.19 
	0.22 
	-0.02 
	0.24 

	
	PSNR
	0.01 
	0.01 
	0.01 
	0.00 
	0.01 

	stefan_qcif
	bitsave
	8.39 
	8.91 
	6.25 
	0.01 
	0.19 

	
	PSNR
	0.47 
	0.50 
	0.35 
	0.00 
	0.01 

	paris_cif
	bitsave
	0.28 
	0.27 
	0.28 
	-0.24 
	0.29 

	
	PSNR
	0.01 
	0.01 
	0.01 
	-0.01 
	0.01 

	mobile_cif
	bitsave
	3.51 
	3.49 
	2.27 
	1.61 
	1.94 

	
	PSNR
	0.14 
	0.14 
	0.09 
	0.06 
	0.08 

	tempete_cif
	bitsave
	4.91 
	4.90 
	3.90 
	1.07 
	1.06 

	
	PSNR
	0.18 
	0.18 
	0.14 
	0.04 
	0.04 

	coast_cif
	bitsave
	2.66 
	2.76 
	2.29 
	1.40 
	1.52 

	
	PSNR
	0.08 
	0.08 
	0.07 
	0.04 
	0.05 

	stefan_cif
	bitsave
	9.46 
	9.68 
	7.90 
	0.32 
	0.48 

	
	PSNR
	0.49 
	0.50 
	0.40 
	0.02 
	0.03 

	foreman_cif
	bitsave
	4.21 
	4.46 
	3.87 
	3.03 
	3.17 

	
	PSNR
	0.19 
	0.20 
	0.17 
	0.13 
	0.14 

	average
	bitsave
	3.26 
	3.36 
	2.59 
	0.71 
	0.92 

	
	PSNR
	0.15 
	0.16 
	0.12 
	0.03 
	0.04 

	average (GM)
	bitsave
	4.36 
	4.52 
	3.44 
	1.01 
	1.13 

	
	PSNR
	0.20 
	0.21 
	0.16 
	0.04 
	0.05 


Table 10 BD-bitsaving and BD-PSNR in 1/4 pel MC, M3, CABAC

	sequences
	BD-bitsave [%] BD-PSNR [dB]
	GMC_P
	GMC_PB
	GMVC
	Mcopy
	Mcopy_r1

	container_qcif
	bitsave
	-0.02 
	-0.18 
	-0.02 
	-0.63 
	0.10 

	
	PSNR
	-0.01 
	-0.02 
	-0.01 
	-0.03 
	0.00 

	news_qcif
	bitsave
	-0.50 
	-0.56 
	-0.50 
	-0.43 
	-0.46 

	
	PSNR
	-0.03 
	-0.03 
	-0.03 
	-0.02 
	-0.02 

	foreman_qcif
	bitsave
	0.42 
	1.53 
	0.60 
	-0.16 
	0.29 

	
	PSNR
	0.02 
	0.08 
	0.03 
	-0.01 
	0.01 

	silent_qcif
	bitsave
	0.02 
	-0.06 
	0.02 
	-0.17 
	0.07 

	
	PSNR
	0.00 
	0.00 
	0.00 
	-0.01 
	0.00 

	stefan_qcif
	bitsave
	8.37 
	9.34 
	5.89 
	0.37 
	-0.36 

	
	PSNR
	0.48 
	0.53 
	0.33 
	0.02 
	-0.02 

	paris_cif
	bitsave
	0.65 
	0.63 
	0.65 
	0.20 
	0.66 

	
	PSNR
	0.03 
	0.03 
	0.03 
	0.01 
	0.03 

	mobile_cif
	bitsave
	2.63 
	2.58 
	1.42 
	0.75 
	0.84 

	
	PSNR
	0.10 
	0.10 
	0.06 
	0.03 
	0.03 

	tempete_cif
	bitsave
	5.09 
	5.08 
	3.98 
	0.20 
	0.47 

	
	PSNR
	0.18 
	0.18 
	0.14 
	0.01 
	0.02 

	coast_cif
	bitsave
	1.68 
	1.65 
	1.08 
	0.53 
	0.41 

	
	PSNR
	0.05 
	0.05 
	0.03 
	0.02 
	0.01 

	stefan_cif
	bitsave
	8.75 
	9.24 
	7.04 
	0.54 
	0.77 

	
	PSNR
	0.44 
	0.47 
	0.35 
	0.03 
	0.04 

	foreman_cif
	bitsave
	1.66 
	1.68 
	1.77 
	1.31 
	1.50 

	
	PSNR
	0.07 
	0.07 
	0.07 
	0.05 
	0.06 

	average
	bitsave
	2.61 
	2.81 
	1.99 
	0.23 
	0.39 

	
	PSNR
	0.12 
	0.13 
	0.09 
	0.01 
	0.01 

	average (GM)
	bitsave
	3.58 
	3.89 
	2.72 
	0.44 
	0.49 

	
	PSNR
	0.17 
	0.18 
	0.13 
	0.02 
	0.02 


Table 11 BD-bitsaving and BD-PSNR in 1/8 pel MC, M1, UVLC

	sequences
	BD-bitsave BD-PSNR
	GMC
	Mcopy
	Mcopy_r1

	paris_cif
	bitsave
	0.43 
	0.04 
	0.44 

	
	PSNR
	0.02 
	0.00 
	0.02 

	mobile_cif
	bitsave
	6.48 
	5.60 
	5.64 

	
	PSNR
	0.35 
	0.31 
	0.31 

	tempete_cif
	bitsave
	7.19 
	3.46 
	3.59 

	
	PSNR
	0.33 
	0.16 
	0.16 

	coast_cif
	bitsave
	5.34 
	4.48 
	4.50 

	
	PSNR
	0.20 
	0.17 
	0.17 

	stefan_cif
	bitsave
	4.69 
	2.75 
	2.99 

	
	PSNR
	0.26 
	0.15 
	0.17 

	foreman_cif
	bitsave
	10.56 
	9.60 
	9.70 

	
	PSNR
	0.56 
	0.50 
	0.50 

	average
	bitsave
	5.78 
	4.32 
	4.48 

	
	PSNR
	0.29 
	0.21 
	0.22 


Table 12 BD-bitsaving and BD-PSNR in 1/8 pel MC, M3, UVLC

	sequences
	BD-bitsave BD-PSNR
	GMC_P
	GMC_PB
	Mcopy
	Mcopy_r1

	paris_cif
	bitsave
	0.44 
	0.43 
	0.24 
	0.44 

	
	PSNR
	0.02 
	0.02 
	0.01 
	0.02 

	mobile_cif
	bitsave
	3.40 
	3.42 
	1.84 
	2.18 

	
	PSNR
	0.14 
	0.14 
	0.08 
	0.09 

	tempete_cif
	bitsave
	7.59 
	7.58 
	0.85 
	0.94 

	
	PSNR
	0.30 
	0.30 
	0.03 
	0.04 

	coast_cif
	bitsave
	2.52 
	2.60 
	0.91 
	1.32 

	
	PSNR
	0.08 
	0.08 
	0.03 
	0.04 

	stefan_cif
	bitsave
	11.34 
	11.98 
	-1.06 
	-0.60 

	
	PSNR
	0.63 
	0.66 
	-0.05 
	-0.03 

	foreman_cif
	bitsave
	4.59 
	5.00 
	3.23 
	3.31 

	
	PSNR
	0.21 
	0.23 
	0.15 
	0.15 

	average
	bitsave
	4.98 
	5.17 
	1.00 
	1.27 

	
	PSNR
	0.23 
	0.24 
	0.04 
	0.05 


Table 13 BD-bitsaving and BD-PSNR in 1/4 pel MC, M1, UVLC (5 reference)

	sequences
	BD-bitsave [%] BD-PSNR [dB]
	GMC
	GMVC
	Mcopy
	Mcopy_r1

	container_qcif
	bitsave
	0.03 
	0.03 
	0.02 
	0.17 

	
	PSNR
	0.00 
	0.00 
	0.00 
	0.01 

	news_qcif
	bitsave
	0.02 
	0.02 
	-0.13 
	0.12 

	
	PSNR
	0.00 
	0.00 
	-0.01 
	0.01 

	foreman_qcif
	bitsave
	3.60 
	3.63 
	2.33 
	3.10 

	
	PSNR
	0.21 
	0.21 
	0.14 
	0.18 

	silent_qcif
	bitsave
	-0.92 
	-0.92 
	-1.09 
	-0.82 

	
	PSNR
	-0.05 
	-0.05 
	-0.05 
	-0.04 

	stefan_qcif
	bitsave
	2.99 
	1.78 
	0.25 
	0.86 

	
	PSNR
	0.17 
	0.10 
	0.01 
	0.05 

	paris_cif
	bitsave
	0.45 
	0.45 
	0.13 
	0.50 

	
	PSNR
	0.02 
	0.02 
	0.01 
	0.03 

	mobile_cif
	bitsave
	4.36 
	3.89 
	3.50 
	3.62 

	
	PSNR
	0.24 
	0.21 
	0.19 
	0.20 

	tempete_cif
	bitsave
	4.96 
	3.47 
	2.38 
	2.65 

	
	PSNR
	0.23 
	0.16 
	0.11 
	0.12 

	coast_cif
	bitsave
	5.28 
	4.94 
	4.29 
	4.37 

	
	PSNR
	0.20 
	0.19 
	0.16 
	0.16 

	stefan_cif
	bitsave
	4.23 
	3.38 
	2.46 
	2.55 

	
	PSNR
	0.23 
	0.19 
	0.14 
	0.14 

	foreman_cif
	bitsave
	9.99 
	10.06 
	8.95 
	8.93 

	
	PSNR
	0.56 
	0.57 
	0.49 
	0.49 

	average
	bitsave
	3.18 
	2.79 
	2.10 
	2.37 

	
	PSNR
	0.17 
	0.15 
	0.11 
	0.12 

	average (GM)
	bitsave
	4.43 
	3.89 
	3.02 
	3.26 

	
	PSNR
	0.23 
	0.20 
	0.15 
	0.17 
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