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1. Introduction

Global motion compensation (GMC) techniques, such as the “sprite” coding technique in MPEG-4 and the “reference picture resampling” technique in Annex P of H.263+, have played a very unique role in advanced video coding. The techniques usually follow very similar steps. First, for each current image, a reference picture is derived based on the global motion parameters. Then, the current image is coded with respect to the reference picture. The GMC techniques have shown their advantages in low-bit-rate video coding by reducing the bit rate and enhancing the visual quality.

However, the tradeoff of GMC is the potential computational complexity. For each image frame, a reference picture has to be reconstructed or updated based on the global motion parameters on both encoder and decoder side. This can be especially expensive on the decoder side in terms of computation and memory space. Video coding systems without considering GMC tend to be less complex; they usually have to spend more bits to code the motion vector for each image block individually.

In this proposal, we introduce a technique, where global motion parameters are used simply for motion vector coding, and no reference picture need be reconstructed on either encoder or decoder side.

2. Proposal: Motion Vector Coding with Global Motion Parameters

2.1 Bit stream syntax

Figure 1 illustrates the bit stream syntax of the current TML video codec [1]. A picture header is coded and followed by the coding of all image MB’s in the frame. Each individual MB is coded as an MB mode, the necessary motion vectors (for Inter MB) or intra prediction’s (for Intra MB), and followed by transform coefficients of the image residuals.

The proposed video coding syntax is illustrated in Figure 2. For each INTER frame, a GMVC_flag symbol is added right after the picture header to signal if GMVC (Global Motion Vector Coding) is on or off for the current image frame. The codeword number for GMVC_flag is listed in Table 1. If GMVC is off, then all following bit stream will be exactly same as those shown in Figure 1; comparing to the original TML syntax, only 1 extra bit per inter frame is needed for the GMVC_flag. If GMVC is on, the global motion vectors (GMV’s) are to be coded after the GMVC_flag; then, for each image MB, if the MB mode is determined to be one of the GMVC modes, motion vector coding can be simply skipped; the motion vector values for all 4×4 image blocks in that specific MB can be derived from GMV’s through a bilinear interpolation. Table 2 lists the codeword numbers of the MB modes for both GMVC statuses.
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Figure 1. Bit stream syntax of the current TML video codec:

(1) picture-level syntax; and (2) MB-level syntax.

[image: image2.wmf]Picture

Header

GMVC_flag

(if INTER)

GMV’s

(if GMVC on)

MB

MB

… …

MB

MB

Mode 

(GMVC)

Inter

MV’s

(if not GMVC modes)

or intra prediction’s

Coeff’s

(if any)

(1)

(2)

Picture

Header

GMVC_flag

(if INTER)

GMV’s

(if GMVC on)

MB

MB

… …

MB

Picture

Header

GMVC_flag

(if INTER)

GMV’s

(if GMVC on)

MB

MB

… …

MB

MB

Mode 

(GMVC)

Inter

MV’s

(if not GMVC modes)

or intra prediction’s

Coeff’s

(if any)

MB

Mode 

(GMVC)

Inter

MV’s

(if not GMVC modes)

or intra prediction’s

Coeff’s

(if any)

(1)

(2)


Figure 2. Bit stream syntax of the proposed video coding method:

(1) picture-level syntax; and (2) MB-level syntax.

Table 1. Codeword number of GMVC_flag
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Table 2. Codeword number of MB modes
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2.2 Motion vector calculation

Assume the image frame size is H×V. Figure 3 illustrates the motion vectors used for bilinear motion vector interpolation, where v00, vH0, v0V, and vHV represent the motion vectors of four 4×4 image blocks at the four corners of the frame, (0,0), (H-4, 0), (0, V-4), and (H-4, V-4), respectively. The motion vector of an image block with its upper-left pixel at (x, y) can be derived as
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where r0, rx, ry, and rxy are defined as the following
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Figure 3. Motion vectors used for bilinear motion vector interpolation.

The resolution of the motion vectors can vary. For example, for the future TML baseline profile, we have chosen to represent the motion vectors in ¼ pixels. A motion vector value of 1 means ¼ pixel, motion vector of 4 means 1 pixel. To prevent mismatch during encoding/decoding, the output of Eq.(1) is always rounded to the nearest integer or rounds up when the fraction is exactly ½. For easy implementation, Eq.(1) can be viewed as
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If for a certain image frame, the GMVC is set to “on”, the horizontal and vertical components of r0, rx, ry, and rxy are coded right after GMVC_flag, as illustrated in Figure 2. The codebook for the GMV’s is chosen to be same as the codebook for MVD. The motion vectors for all 4×4 blocks of each MB in a GMVC mode can be then derived based on Eq. (1). 

From complexity point of view, the division in Eq.(2) will need some extra attention. Since the denominator (H-4)(V-4) is a constant once the frame size is determined, the division can be easily replaced by a multiplication and then a shift. Therefore, the computation requirement on the decoder side is minor. Another option to remove the division is to redefine Eq. (2) and replace (H-4) and (V-4) with virtual frame resolution, e.g., 2h and 2v, so that multiplications and divisions can be replaced by shifting operations. The virtual frame resolution, or values of h and v, can be determined by the true frame resolution.

As shown in Table 2, we have defined two GMVC modes for the macroblock. 

The first is the GMVC_COPY mode. This is very similar to the “skip” or “copy” mode used in current video coding standards. The traditional “copy” mode indicates a macroblock is a direct “copy” of the macroblock at the same location in the previous reference frame. The only difference in “GMVC_COPY” is that the “copy” of each motion compensated block in the GMVC_COPY mode will follow the motion vectors derived by Eq. (1). There is no conventional “copy” mode once the GMVC_flag is “on” for a certain frame. 

The second GMVC mode is GMVC_16 mode. If a macroblock is determined to be GMVC_16 mode, then only the transform coefficients are coded into the bitstream. The motion vectors of the motion compensated blocks in that macroblock will be derived from Eq. (1).

Comparing to the current TML syntax, the “copy” mode is replaced by the “GMVC_COPY” mode in a GMVC frame; a new mode “GMVC_16” is added to the GMVC frame. For all the non-GMVC modes in the GMVC frame, motion vectors are coded explicitly into the bitstream.

2.3 Coding of COPY or GMVC_COPY mode

It is not necessary to code the “COPY” or “GMVC_COPY” mode explicitly. As indicated in the latest TML document, run-length coding can be applied to “COPY” to raise the coding efficiency; therefore, it is straightforward to use it for “GMVC_COPY” as well. 

3. Experiments

Experiments are conducted mainly following the “Simulation Conditions” specified in VCEG-M75 [2]. The proposed motion vector coding method is integrated into the TML-8 software to compare against the TML-8 codec [1]. The 300-frame CIF-format “coast-guard” sequence is added to the testing set to demonstrate the advantage of the proposed GMVC technique. The motion search range parameter is set to 16; and the RD optimization option is turned off in our experiments.

3.1 Results and evaluation

Table 3 shows the performance of the proposed GMVC technique. B frame coding is turned off for this part of the experiment. RD curves for all the testing sequences are shown in the Appendix. Detailed experimental results are available in VCEG-N16.xls.

For sequences without global motion or camera motion, such as “container”, “news”, “silent”, and “paris”, the GMVC gives very similar coding efficiency to that of the original TML-8. Bit savings or dB gains are quite marginal across all QP values. There has been no significant visual difference observed for these sequences.

For sequences with global motions or camera motions, such as “foreman”, “mobile”, “tempete”, and “coast-guard”, significant bit savings are observed especially in the low-bit-rate cases when QP values are high. For example, when QP is 28, the bit saving for “foreman” is 11.4%; the bit saving for “mobile” is 10.2%; the bit saving for “tempete” is 8.1%; and the bit saving for “coast-guard” is 19.5%. Since the motion vector coding becomes less significant part of the whole bitstream at high bit rate, the proposed method delivers bitrate and video quality very similar to the original TML-8 codec when QP value is lower.

Decoded video sequences will be provided in the meeting for subjective evaluation. The side-by-side comparison is prepared following the “Simulation Conditions.” The “coast-guard” sequence is added to the testing set (with QP of 24, 28, and 31) to show the visual quality improvement with the proposed coding method. 

In original TML codec, the conventional “copy” mode introduces annoying artifacts when global motion is present in the scene. With the proposed GMVC technique, these artifacts can be significantly removed. 

The results demonstrated that our coding method could give significant benefit for low-bit-rate video coding, especially for the mobile environments, where the global or camera motion is highly expected.

3.2 Coding of COPY or GMVC_COPY mode

Since run-length coding of the “COPY” mode has not been integrated into the TML software, both “COPY” and “GMVC_COPY” are coded explicitly with codeword number 0. Codeword number of all other modes listed in Table 2 is increased by 1.

When camera motion is present in a video sequence, the number of GMVC_COPY MB tends to be larger then that of COPY MB in the original TML bitstream, as shown in Table 4; we should expect more bit savings when run-length coding is implemented for the “GMVC_COPY” mode, especially at the low-bit-rate side.

Table 3. Comparison of TML-8 and the proposed GMVC
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Table 4. Comparison of number of GMVC_COPY MB’s and COPY MB’s in TML8
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3.3 Global motion estimation

A fast global motion estimation method is developed for the proposed codec. The global motion estimation takes very limited computation, less than 2% of the total encoding computation.

Currently, the global motion estimation and the TML local motion search are both executed. It appears that the computation of local motion search potentially can be significantly reduced when the global motion information is considered.

Therefore, our GMVC method will not introduce any significant extra requirement for the total computation.

Further analysis shows us that the benefit of GMVC is not only the bit savings for motion vector coding. As shown in Table 5, when global motion is present in a sequence, by providing more correlated motion vector fields, GMVC can give significant savings for image residual coding, which is often the dominate part in a video bit stream.

Table 5. GMVC bit savings in MV’s and non-MV’s.
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The GMVC MB mode selection has not been integrated with the RD optimization method in the TML-8 codec. We believe that more benefit of the proposed method should be expected when we consider the overall mode selection with RD optimization.

We want to point out that the GMVC modes in the inter (P) frames can also give benefit to the coding of B-frames. Since GMVC modes tend to give true motion vectors, which tend to be more correlated than that without GMVC modes, the visual quality and coding efficiency for B-frames are expected to improve. As shown in Fig. 4, the “coast-guard” sequence is coded in the order of IBPBP; the B-frame coding efficiency is increased even though nothing has been changed in B-frame syntax. 

4. Summary

We have demonstrated the advantages of the proposed Global Motion Vector Coding (GMVC) technique. This coding method gives significant benefit for low-bit-rate video coding by reducing bit rate and enhancing visual quality; it is especially useful for video applications in the mobile environments, where the global or camera motion is highly expected. It takes only one bit per frame to signal off the GMVC option if the GMVC is not to be used; the overhead for coding efficiency is negligible. As we discussed in subsections 2.2 and 3.3, there is no significant complexity requirement on either encoder or decoder side. Therefore, we recommend VCEG to adopt the proposal into the new TML.
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Figure 4. RD curves showing the benefit of GMVC for B picture coding.
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26.548

26.606

25.067

25.227



tempete

		1275478		1276031

		625722		619544

		313318		301817

		176451		162093

		124134		109410



TML8

GMVC

bit rate

psnr

tempete_cif

34.95

34.945

31.931

31.887

29.217

29.134

26.557

26.472

24.625

24.6



mobile

		1658660		1657004

		838637		833798

		423358		406809

		252598		226740

		192226		159244



TML8

GMVC

bit rate

psnr

mobile_cif

34.009

33.986

30.738

30.684

27.817

27.672

25.093

24.839

23.173

22.855



paris

		350219		348976

		202010		201485

		112599		112559

		63113		62710

		43249		42705



TML8

GMVC

bit rate

psnr

paris_cif

35.607

35.627

32.541

32.576

29.636

29.65

26.719

26.754

24.72

24.803



silent

		62703		62584

		36789		36700

		21462		21341

		12389		12325

		8570		8616



TML8

GMVC

bit rate

psnr

silent_qcif

35.799

35.803

33.067

33.105

30.446

30.528

27.94

28.027

26.29

26.354



foreman

		77341		76953

		47049		45815

		29654		27729

		19002		16829

		14244		11806



TML8

GMVC

bit rate

psnr

foreman_qcif

36.03

36.015

33.312

33.254

30.759

30.691

28.123

27.987

26.388

26.166



news

		50387		50306

		30616		30610

		18393		18571

		11138		11217

		7851		7844



TML8

GMVC

bit rate

psnr

news_qcif

36.748

36.771

33.773

33.807

30.807

30.878

27.912

27.92

25.838

25.919



container

		26841		26973

		14686		14982

		8872		8992

		5501		5546

		3978		4155



TML8

GMVC

bit rate

psnr

container_qcif

36.012

36.072

33.315

33.374

30.496

30.625

27.72

27.89

25.843

26.096



TML8

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.012		40.358		40.079		26841

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.315		38.685		38.467		14686

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.496		37.387		36.662		8872

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.72		36.57		35.768		5501

		container_qcif.yuv		100		31		26.704		36.258		34.577		25.843		36.334		35.048		3978

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.748		39.067		39.377		50387

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.773		37.407		38.101		30616

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.807		35.984		36.744		18393

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.912		34.68		35.813		11138

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.838		34.506		35.305		7851

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.03		39.854		40.491		77341

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.312		38.707		38.877		47049

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.759		37.408		37.481		29654

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		28.123		36.684		36.446		19002

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.388		36.122		35.852		14244

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.799		38.124		39.036		62703

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.067		36.547		37.962		36789

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.446		34.936		37.1		21462

		silent_qcif.yuv		150		28		28.538		34.338		36.359		27.94		34.262		36.232		12389

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.29		33.907		36.07		8570

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.607		38.299		38.109		350219

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.541		36.307		36.474		202010

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.636		34.788		34.914		112599

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.719		33.55		33.774		63113

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.72		32.899		33.467		43249

		mobile_cif.yuv		300		16		35.309		37.358		37.18		34.009		35.063		34.944		1658660

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.738		32.915		32.795		838637

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.817		31.021		30.825		423358

		mobile_cif.yuv		300		28		25.439		32.296		31.971		25.093		29.848		29.564		252598

		mobile_cif.yuv		300		31		23.344		31.577		31.361		23.173		29.34		28.973		192226

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.95		36.443		38.343		1275478

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.931		34.981		37.013		625722

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.217		33.543		35.674		313318

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.557		32.613		34.764		176451

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.625		32.157		34.327		124134

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.36		42.723		44.642		1289113

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.491		41.445		43.022		649562

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.874		40.148		40.896		307248

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.548		39.115		39.315		144230

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.067		38.695		39.297		87028





GMVC

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.072		40.272		40.07		26973		-0.49%

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.374		38.634		38.498		14982		-2.02%

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.625		37.44		36.667		8992		-1.35%

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.89		36.566		35.784		5546		-0.82%

		container_qcif.yuv		100		31		26.704		36.258		34.577		26.096		36.388		35.178		4155		-4.45%

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.771		39.077		39.428		50306		0.16%

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.807		37.346		38.034		30610		0.02%

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.878		35.839		36.69		18571		-0.97%

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.92		34.765		35.761		11217		-0.71%

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.919		34.438		35.291		7844		0.09%

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.015		39.834		40.475		76953		0.50%

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.254		38.62		38.85		45815		2.62%

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.691		37.399		37.411		27729		6.49%

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		27.987		36.502		36.375		16829		11.44%

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.166		36.193		35.882		11806		17.12%

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.803		38.066		39.057		62584		0.19%

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.105		36.558		37.988		36700		0.24%

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.528		34.949		37.116		21341		0.56%

		silent_qcif.yuv		150		28		28.538		34.338		36.359		28.027		34.25		36.12		12325		0.52%

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.354		33.864		36.041		8616		-0.54%

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.627		38.318		38.147		348976		0.35%

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.576		36.338		36.42		201485		0.26%

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.65		34.771		34.952		112559		0.04%

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.754		33.544		33.72		62710		0.64%

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.803		32.913		33.397		42705		1.26%

		mobile_cif.yuv		300		16		35.309		37.358		37.18		33.986		35.042		34.943		1657004		0.10%

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.684		32.901		32.78		833798		0.58%

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.672		30.987		30.808		406809		3.91%

		mobile_cif.yuv		300		28		25.439		32.296		31.971		24.839		29.821		29.524		226740		10.24%

		mobile_cif.yuv		300		31		23.344		31.577		31.361		22.855		29.312		28.934		159244		17.16%

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.945		36.441		38.324		1276031		-0.04%

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.887		34.983		36.987		619544		0.99%

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.134		33.526		35.625		301817		3.67%

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.472		32.562		34.703		162093		8.14%

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.6		32.102		34.258		109410		11.86%

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.341		42.706		44.591		1265484		1.83%

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.457		41.543		43.011		616242		5.13%

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.854		40.157		41.045		270744		11.88%

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.606		39.037		39.568		116146		19.47%

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.227		38.819		39.582		70607		18.87%

		average																				3.62%





GMVC(2)

		sequences		number of frames		QP		PSNR(Y) (TML8)		bitrate (TML8)		PSNR(Y) (GMVC)		bitrate (GMVC)		GMVC average bitsavings (avsnr)		GMVC average dB gain (avsnr)

		container_qcif		100		16		36.012		26841		36.072		26973		0.41%		0.017

						20		33.315		14686		33.374		14982

						24		30.496		8872		30.625		8992

						28		27.72		5501		27.89		5546

		news_qcif		100		16		36.748		50387		36.771		50306		0.32%		0.019

						20		33.773		30616		33.807		30610

						24		30.807		18393		30.878		18571

						28		27.912		11138		27.92		11217

		foreman_qcif		100		16		36.03		77341		36.015		76953		3.75%		0.197

						20		33.312		47049		33.254		45815

						24		30.759		29654		30.691		27729

						28		28.123		19002		27.987		16829

		silent_qcif		150		16		35.799		62703		35.803		62584		1.54%		0.075

						20		33.067		36789		33.105		36700

						24		30.446		21462		30.528		21341

						28		27.94		12389		28.027		12325

		paris_cif		150		16		35.607		350219		35.627		348976		0.73%		0.037

						20		32.541		202010		32.576		201485

						24		29.636		112599		29.65		112559

						28		26.719		63113		26.754		62710

		mobile_cif		300		16		34.009		1658660		33.986		1657004		0.64%		0.028

						20		30.738		838637		30.684		833798

						24		27.817		423358		27.672		406809

						28		25.093		252598		24.839		226740

		tempete_cif		260		16		34.95		1275478		34.945		1276031		1.29%		0.053

						20		31.931		625722		31.887		619544

						24		29.217		313318		29.134		301817

						28		26.557		176451		26.472		162093

		coast_cif		300		16		34.36		1289113		34.341		1265484		8.23%		0.28

						20		31.491		649562		31.457		616242

						24		28.874		307248		28.854		270744

						28		26.548		144230		26.606		116146

		average														2.11%		0.08825





IBP(2)

		901975		348141		893375		347143

		462382		138224		450326		137112

		218820		56840		202588		55282

		100375		27049		84531		25572

		60020		18969		48175		17891



TML-8 (I&P)

TML-8 (B)

GMVC (I&P)

GMVC (B)

bit rate

PSNR

coast-guard_cif (IBPBP...)

34.34

34.3961879195

34.318

34.3942550336

31.518

31.5380671141

31.481

31.525147651

28.916

28.960147651

28.865

28.9332281879

26.594

26.6401543624

26.602

26.6521677852

25.132

25.1701275168

25.213

25.2531342282



IBP

		TML-8								GMVC

		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)

		34.34		901975		34.3961879195		348141		34.318		893375		34.3942550336		347143

		31.518		462382		31.5380671141		138224		31.481		450326		31.525147651		137112

		28.916		218820		28.960147651		56840		28.865		202588		28.9332281879		55282

		26.594		100375		26.6401543624		27049		26.602		84531		26.6521677852		25572

		25.132		60020		25.1701275168		18969		25.213		48175		25.2531342282		17891

		coast-guard_cif





copy

		

				sequences		qp=16				qp=20				qp=24				qp=28				qp=31

						GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY

				container_qcif		5753		5968		6643		6833		7292		7532		8038		8285		8608		8836

				news_qcif		5746		5818		6394		6505		7019		7128		7669		7762		8122		8160

				foreman_qcif		1355		550		2279		965		3402		1551		4717		2540		5689		3617

				silent_qcif		8333		8298		9329		9324		10386		10438		11561		11616		12330		12414

				paris_cif		34587		34551		38552		38665		41886		42043		44836		45133		47272		47619

				mobile_cif		6374		1642		13596		2656		25928		5539		40446		12605		52843		21972

				tempete_cif		12036		10165		19882		15472		31872		24506		47765		39576		61627		55027

				coast-guard_cif		19821		2613		38079		11598		59845		30783		79784		57910		89449		76819





mv_bits

		sequences		QP		GMVC bitrate						TML8						GMVC savings

						other than MV's		MV's		total		other than MV's		MV's		total		other than MV's		MV's		total

		container_qcif		16		26553		420		26973		26408		433		26841		-0.55%		2.80%		-0.49%

				20		14699		283		14982		14408		278		14686		-2.02%		-1.53%		-2.02%

				24		8806		186		8992		8692		180		8872		-1.31%		-3.36%		-1.35%

				28		5429		117		5546		5393		108		5501		-0.66%		-8.59%		-0.82%

				31		4076		79		4155		3914		64		3978		-4.14%		-23.18%		-4.45%

		news_qcif		16		48925		1381		50306		49026		1361		50387		0.21%		-1.48%		0.16%

				20		29695		915		30610		29692		924		30616		-0.01%		0.95%		0.02%

				24		18004		567		18571		17822		571		18393		-1.02%		0.63%		-0.97%

				28		10869		348		11217		10788		350		11138		-0.74%		0.37%		-0.71%

				31		7626		218		7844		7638		213		7851		0.16%		-2.54%		0.09%

		foreman_qcif		16		74481		2472		76953		74790		2551		77341		0.41%		3.09%		0.50%

				20		44281		1534		45815		45411		1638		47049		2.49%		6.41%		2.62%

				24		26784		945		27729		28554		1100		29654		6.20%		14.03%		6.49%

				28		16227		602		16829		18246		756		19002		11.07%		20.38%		11.44%

				31		11419		387		11806		13715		529		14244		16.74%		26.78%		17.12%

		silent_qcif		16		61225		1359		62584		61352		1351		62703		0.21%		-0.61%		0.19%

				20		35929		771		36700		36009		780		36789		0.22%		1.20%		0.24%

				24		20903		438		21341		21021		441		21462		0.56%		0.70%		0.56%

				28		12088		237		12325		12157		232		12389		0.57%		-2.13%		0.52%

				31		8474		142		8616		8431		139		8570		-0.51%		-2.16%		-0.54%

		paris_cif		16		343454		5522		348976		344607		5612		350219		0.33%		1.60%		0.35%

				20		197821		3664		201485		198305		3705		202010		0.24%		1.10%		0.26%

				24		110264		2295		112559		110265		2334		112599		0.00%		1.67%		0.04%

				28		61373		1337		62710		61746		1367		63113		0.60%		2.18%		0.64%

				31		41888		817		42705		42417		832		43249		1.25%		1.78%		1.26%

		mobile_cif		16		1648709		8295		1657004		1649927		8733		1658660		0.07%		5.01%		0.10%

				20		827988		5810		833798		832250		6387		838637		0.51%		9.04%		0.58%

				24		402887		3922		406809		418751		4607		423358		3.79%		14.87%		3.91%

				28		224280		2460		226740		249382		3216		252598		10.07%		23.52%		10.24%

				31		157620		1624		159244		189792		2434		192226		16.95%		33.28%		17.16%

		tempete_cif		16		1267246		8785		1276031		1266436		9042		1275478		-0.06%		2.84%		-0.04%

				20		614320		5224		619544		620137		5585		625722		0.94%		6.45%		0.99%

				24		298757		3060		301817		309832		3486		313318		3.57%		12.20%		3.67%

				28		160314		1779		162093		174247		2204		176451		8.00%		19.25%		8.14%

				31		108301		1109		109410		122647		1487		124134		11.70%		25.37%		11.86%

		coast_cif		16		1259400		6084		1265484		1281860		7253		1289113		1.75%		16.12%		1.83%

				20		613113		3129		616242		645226		4336		649562		4.98%		27.83%		5.13%

				24		268949		1795		270744		304457		2791		307248		11.66%		35.70%		11.88%

				28		115127		1019		116146		142629		1601		144230		19.28%		36.37%		19.47%

				31		69959		648		70607		86047		981		87028		18.70%		33.92%		18.87%

		average																3.56%		8.55%		3.62%






_1059552671.xls
coast

		1289113		1265484

		649562		616242

		307248		270744

		144230		116146

		87028		70607



TML8

GMVC

bit rate

psnr

coast-guard_cif

34.36

34.341

31.491

31.457

28.874

28.854

26.548

26.606

25.067

25.227



tempete

		1275478		1276031

		625722		619544

		313318		301817

		176451		162093

		124134		109410



TML8

GMVC

bit rate

psnr

tempete_cif

34.95

34.945

31.931

31.887

29.217

29.134

26.557

26.472

24.625

24.6



mobile

		1658660		1657004

		838637		833798

		423358		406809

		252598		226740

		192226		159244



TML8

GMVC

bit rate

psnr

mobile_cif

34.009

33.986

30.738

30.684

27.817

27.672

25.093

24.839

23.173

22.855



paris

		350219		348976

		202010		201485

		112599		112559

		63113		62710

		43249		42705



TML8

GMVC

bit rate

psnr

paris_cif

35.607

35.627

32.541

32.576

29.636

29.65

26.719

26.754

24.72

24.803



silent

		62703		62584

		36789		36700

		21462		21341

		12389		12325

		8570		8616



TML8

GMVC

bit rate

psnr

silent_qcif

35.799

35.803

33.067

33.105

30.446

30.528

27.94

28.027

26.29

26.354



foreman

		77341		76953

		47049		45815

		29654		27729

		19002		16829

		14244		11806



TML8

GMVC

bit rate

psnr

foreman_qcif

36.03

36.015

33.312

33.254

30.759

30.691

28.123

27.987

26.388

26.166



news

		50387		50306

		30616		30610

		18393		18571

		11138		11217

		7851		7844



TML8

GMVC

bit rate

psnr

news_qcif

36.748

36.771

33.773

33.807

30.807

30.878

27.912

27.92

25.838

25.919



container

		26841		26973

		14686		14982

		8872		8992

		5501		5546

		3978		4155



TML8

GMVC

bit rate

psnr

container_qcif

36.012

36.072

33.315

33.374

30.496

30.625

27.72

27.89

25.843

26.096



TML8

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.012		40.358		40.079		26841

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.315		38.685		38.467		14686

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.496		37.387		36.662		8872

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.72		36.57		35.768		5501

		container_qcif.yuv		100		31		26.704		36.258		34.577		25.843		36.334		35.048		3978

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.748		39.067		39.377		50387

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.773		37.407		38.101		30616

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.807		35.984		36.744		18393

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.912		34.68		35.813		11138

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.838		34.506		35.305		7851

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.03		39.854		40.491		77341

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.312		38.707		38.877		47049

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.759		37.408		37.481		29654

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		28.123		36.684		36.446		19002

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.388		36.122		35.852		14244

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.799		38.124		39.036		62703

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.067		36.547		37.962		36789

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.446		34.936		37.1		21462

		silent_qcif.yuv		150		28		28.538		34.338		36.359		27.94		34.262		36.232		12389

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.29		33.907		36.07		8570

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.607		38.299		38.109		350219

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.541		36.307		36.474		202010

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.636		34.788		34.914		112599

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.719		33.55		33.774		63113

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.72		32.899		33.467		43249

		mobile_cif.yuv		300		16		35.309		37.358		37.18		34.009		35.063		34.944		1658660

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.738		32.915		32.795		838637

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.817		31.021		30.825		423358

		mobile_cif.yuv		300		28		25.439		32.296		31.971		25.093		29.848		29.564		252598

		mobile_cif.yuv		300		31		23.344		31.577		31.361		23.173		29.34		28.973		192226

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.95		36.443		38.343		1275478

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.931		34.981		37.013		625722

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.217		33.543		35.674		313318

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.557		32.613		34.764		176451

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.625		32.157		34.327		124134

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.36		42.723		44.642		1289113

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.491		41.445		43.022		649562

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.874		40.148		40.896		307248

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.548		39.115		39.315		144230

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.067		38.695		39.297		87028





GMVC

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.072		40.272		40.07		26973		-0.49%

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.374		38.634		38.498		14982		-2.02%

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.625		37.44		36.667		8992		-1.35%

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.89		36.566		35.784		5546		-0.82%

		container_qcif.yuv		100		31		26.704		36.258		34.577		26.096		36.388		35.178		4155		-4.45%

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.771		39.077		39.428		50306		0.16%

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.807		37.346		38.034		30610		0.02%

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.878		35.839		36.69		18571		-0.97%

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.92		34.765		35.761		11217		-0.71%

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.919		34.438		35.291		7844		0.09%

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.015		39.834		40.475		76953		0.50%

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.254		38.62		38.85		45815		2.62%

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.691		37.399		37.411		27729		6.49%

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		27.987		36.502		36.375		16829		11.44%

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.166		36.193		35.882		11806		17.12%

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.803		38.066		39.057		62584		0.19%

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.105		36.558		37.988		36700		0.24%

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.528		34.949		37.116		21341		0.56%

		silent_qcif.yuv		150		28		28.538		34.338		36.359		28.027		34.25		36.12		12325		0.52%

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.354		33.864		36.041		8616		-0.54%

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.627		38.318		38.147		348976		0.35%

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.576		36.338		36.42		201485		0.26%

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.65		34.771		34.952		112559		0.04%

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.754		33.544		33.72		62710		0.64%

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.803		32.913		33.397		42705		1.26%

		mobile_cif.yuv		300		16		35.309		37.358		37.18		33.986		35.042		34.943		1657004		0.10%

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.684		32.901		32.78		833798		0.58%

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.672		30.987		30.808		406809		3.91%

		mobile_cif.yuv		300		28		25.439		32.296		31.971		24.839		29.821		29.524		226740		10.24%

		mobile_cif.yuv		300		31		23.344		31.577		31.361		22.855		29.312		28.934		159244		17.16%

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.945		36.441		38.324		1276031		-0.04%

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.887		34.983		36.987		619544		0.99%

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.134		33.526		35.625		301817		3.67%

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.472		32.562		34.703		162093		8.14%

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.6		32.102		34.258		109410		11.86%

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.341		42.706		44.591		1265484		1.83%

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.457		41.543		43.011		616242		5.13%

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.854		40.157		41.045		270744		11.88%

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.606		39.037		39.568		116146		19.47%

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.227		38.819		39.582		70607		18.87%

		average																				3.62%





GMVC(2)

		sequences		number of frames		QP		PSNR(Y) (TML8)		bitrate (TML8)		PSNR(Y) (GMVC)		bitrate (GMVC)		GMVC average bitsavings (avsnr)		GMVC average dB gain (avsnr)

		container_qcif		100		16		36.012		26841		36.072		26973		0.41%		0.017

						20		33.315		14686		33.374		14982

						24		30.496		8872		30.625		8992

						28		27.72		5501		27.89		5546

		news_qcif		100		16		36.748		50387		36.771		50306		0.32%		0.019

						20		33.773		30616		33.807		30610

						24		30.807		18393		30.878		18571

						28		27.912		11138		27.92		11217

		foreman_qcif		100		16		36.03		77341		36.015		76953		3.75%		0.197

						20		33.312		47049		33.254		45815

						24		30.759		29654		30.691		27729

						28		28.123		19002		27.987		16829

		silent_qcif		150		16		35.799		62703		35.803		62584		1.54%		0.075

						20		33.067		36789		33.105		36700

						24		30.446		21462		30.528		21341

						28		27.94		12389		28.027		12325

		paris_cif		150		16		35.607		350219		35.627		348976		0.73%		0.037

						20		32.541		202010		32.576		201485

						24		29.636		112599		29.65		112559

						28		26.719		63113		26.754		62710

		mobile_cif		300		16		34.009		1658660		33.986		1657004		0.64%		0.028

						20		30.738		838637		30.684		833798

						24		27.817		423358		27.672		406809

						28		25.093		252598		24.839		226740

		tempete_cif		260		16		34.95		1275478		34.945		1276031		1.29%		0.053

						20		31.931		625722		31.887		619544

						24		29.217		313318		29.134		301817

						28		26.557		176451		26.472		162093

		coast_cif		300		16		34.36		1289113		34.341		1265484		8.23%		0.28

						20		31.491		649562		31.457		616242

						24		28.874		307248		28.854		270744

						28		26.548		144230		26.606		116146

		average														2.11%		0.08825





IBP(2)

		901975		348141		893375		347143

		462382		138224		450326		137112

		218820		56840		202588		55282

		100375		27049		84531		25572

		60020		18969		48175		17891



TML-8 (I&P)

TML-8 (B)

GMVC (I&P)

GMVC (B)

bit rate

PSNR

coast-guard_cif (IBPBP...)

34.34

34.3961879195

34.318

34.3942550336

31.518

31.5380671141

31.481

31.525147651

28.916

28.960147651

28.865

28.9332281879

26.594

26.6401543624

26.602

26.6521677852

25.132

25.1701275168

25.213

25.2531342282



IBP

		TML-8								GMVC

		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)

		34.34		901975		34.3961879195		348141		34.318		893375		34.3942550336		347143

		31.518		462382		31.5380671141		138224		31.481		450326		31.525147651		137112

		28.916		218820		28.960147651		56840		28.865		202588		28.9332281879		55282

		26.594		100375		26.6401543624		27049		26.602		84531		26.6521677852		25572

		25.132		60020		25.1701275168		18969		25.213		48175		25.2531342282		17891

		coast-guard_cif





copy

		

				sequences		qp=16				qp=20				qp=24				qp=28				qp=31

						GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY

				container_qcif		5753		5968		6643		6833		7292		7532		8038		8285		8608		8836

				news_qcif		5746		5818		6394		6505		7019		7128		7669		7762		8122		8160

				foreman_qcif		1355		550		2279		965		3402		1551		4717		2540		5689		3617

				silent_qcif		8333		8298		9329		9324		10386		10438		11561		11616		12330		12414

				paris_cif		34587		34551		38552		38665		41886		42043		44836		45133		47272		47619

				mobile_cif		6374		1642		13596		2656		25928		5539		40446		12605		52843		21972

				tempete_cif		12036		10165		19882		15472		31872		24506		47765		39576		61627		55027

				coast-guard_cif		19821		2613		38079		11598		59845		30783		79784		57910		89449		76819





mv_bits

		sequences		QP		GMVC bitrate (bps)						TML8 bitrate (bps)						GMVC savings

						other than MV's		MV's		total		other than MV's		MV's		total		other than MV's		MV's		total

		foreman_qcif		16		74481		2472		76953		74790		2551		77341		0.41%		3.09%		0.50%

				20		44281		1534		45815		45411		1638		47049		2.49%		6.41%		2.62%

				24		26784		945		27729		28554		1100		29654		6.20%		14.03%		6.49%

				28		16227		602		16829		18246		756		19002		11.07%		20.38%		11.44%

				31		11419		387		11806		13715		529		14244		16.74%		26.78%		17.12%

		mobile_cif		16		1648709		8295		1657004		1649927		8733		1658660		0.07%		5.01%		0.10%

				20		827988		5810		833798		832250		6387		838637		0.51%		9.04%		0.58%

				24		402887		3922		406809		418751		4607		423358		3.79%		14.87%		3.91%

				28		224280		2460		226740		249382		3216		252598		10.07%		23.52%		10.24%

				31		157620		1624		159244		189792		2434		192226		16.95%		33.28%		17.16%

		tempete_cif		16		1267246		8785		1276031		1266436		9042		1275478		-0.06%		2.84%		-0.04%

				20		614320		5224		619544		620137		5585		625722		0.94%		6.45%		0.99%

				24		298757		3060		301817		309832		3486		313318		3.57%		12.20%		3.67%

				28		160314		1779		162093		174247		2204		176451		8.00%		19.25%		8.14%

				31		108301		1109		109410		122647		1487		124134		11.70%		25.37%		11.86%

		coast_cif		16		1259400		6084		1265484		1281860		7253		1289113		1.75%		16.12%		1.83%

				20		613113		3129		616242		645226		4336		649562		4.98%		27.83%		5.13%

				24		268949		1795		270744		304457		2791		307248		11.66%		35.70%		11.88%

				28		115127		1019		116146		142629		1601		144230		19.28%		36.37%		19.47%

				31		69959		648		70607		86047		981		87028		18.70%		33.92%		18.87%

		average																7.44%		18.62%		7.60%






_1057496166.unknown

_1059288181.xls
coast

		1289113		1265484

		649562		616242

		307248		270744

		144230		116146

		87028		70607



TML8

GMVC

bit rate

psnr

coast-guard_cif

34.36

34.341

31.491

31.457

28.874

28.854

26.548

26.606

25.067

25.227



tempete

		1275478		1276031

		625722		619544

		313318		301817

		176451		162093

		124134		109410



TML8

GMVC

bit rate

psnr

tempete_cif

34.95

34.945

31.931

31.887

29.217

29.134

26.557

26.472

24.625

24.6



mobile

		1658660		1657004

		838637		833798

		423358		406809

		252598		226740

		192226		159244



TML8

GMVC

bit rate

psnr

mobile_cif

34.009

33.986

30.738

30.684

27.817

27.672

25.093

24.839

23.173

22.855



paris

		350219		348976

		202010		201485

		112599		112559

		63113		62710

		43249		42705



TML8

GMVC

bit rate

psnr

paris_cif

35.607

35.627

32.541

32.576

29.636

29.65

26.719

26.754

24.72

24.803



silent

		62703		62584

		36789		36700

		21462		21341

		12389		12325

		8570		8616



TML8

GMVC

bit rate

psnr

silent_qcif

35.799

35.803

33.067

33.105

30.446

30.528

27.94

28.027

26.29

26.354



foreman

		77341		76953

		47049		45815

		29654		27729

		19002		16829

		14244		11806



TML8

GMVC

bit rate

psnr

foreman_qcif

36.03

36.015

33.312

33.254

30.759

30.691

28.123

27.987

26.388

26.166



news

		50387		50306

		30616		30610

		18393		18571

		11138		11217

		7851		7844



TML8

GMVC

bit rate

psnr

news_qcif

36.748

36.771

33.773

33.807

30.807

30.878

27.912

27.92

25.838

25.919



container

		26841		26973

		14686		14982

		8872		8992

		5501		5546

		3978		4155



TML8

GMVC

bit rate

psnr

container_qcif

36.012

36.072

33.315

33.374

30.496

30.625

27.72

27.89

25.843

26.096



TML8

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.012		40.358		40.079		26841

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.315		38.685		38.467		14686

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.496		37.387		36.662		8872

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.72		36.57		35.768		5501

		container_qcif.yuv		100		31		26.704		36.258		34.577		25.843		36.334		35.048		3978

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.748		39.067		39.377		50387

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.773		37.407		38.101		30616

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.807		35.984		36.744		18393

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.912		34.68		35.813		11138

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.838		34.506		35.305		7851

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.03		39.854		40.491		77341

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.312		38.707		38.877		47049

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.759		37.408		37.481		29654

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		28.123		36.684		36.446		19002

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.388		36.122		35.852		14244

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.799		38.124		39.036		62703

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.067		36.547		37.962		36789

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.446		34.936		37.1		21462

		silent_qcif.yuv		150		28		28.538		34.338		36.359		27.94		34.262		36.232		12389

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.29		33.907		36.07		8570

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.607		38.299		38.109		350219

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.541		36.307		36.474		202010

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.636		34.788		34.914		112599

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.719		33.55		33.774		63113

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.72		32.899		33.467		43249

		mobile_cif.yuv		300		16		35.309		37.358		37.18		34.009		35.063		34.944		1658660

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.738		32.915		32.795		838637

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.817		31.021		30.825		423358

		mobile_cif.yuv		300		28		25.439		32.296		31.971		25.093		29.848		29.564		252598

		mobile_cif.yuv		300		31		23.344		31.577		31.361		23.173		29.34		28.973		192226

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.95		36.443		38.343		1275478

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.931		34.981		37.013		625722

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.217		33.543		35.674		313318

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.557		32.613		34.764		176451

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.625		32.157		34.327		124134

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.36		42.723		44.642		1289113

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.491		41.445		43.022		649562

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.874		40.148		40.896		307248

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.548		39.115		39.315		144230

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.067		38.695		39.297		87028





GMVC

		container_qcif.yuv		100		16		37.146		40.725		40.614		36.072		40.272		40.07		26973		0.41%		0.017

		container_qcif.yuv		100		20		34.395		38.71		38.67		33.374		38.634		38.498		14982

		container_qcif.yuv		100		24		31.507		37.177		36.451		30.625		37.44		36.667		8992

		container_qcif.yuv		100		28		28.733		36.443		35.406		27.89		36.566		35.784		5546

		container_qcif.yuv		100		31		26.704		36.258		34.577		26.096		36.388		35.178		4155

		news_qcif.yuv		100		16		37.56		39.447		40.188		36.771		39.077		39.428		50306		0.32%		0.019

		news_qcif.yuv		100		20		34.507		37.779		38.373		33.807		37.346		38.034		30610

		news_qcif.yuv		100		24		31.492		36.094		36.597		30.878		35.839		36.69		18571

		news_qcif.yuv		100		28		28.397		34.33		35.354		27.92		34.765		35.761		11217

		news_qcif.yuv		100		31		26.438		34.159		34.741		25.919		34.438		35.291		7844

		foreman_qcif.yuv		100		16		37.243		41.007		42.23		36.015		39.834		40.475		76953		3.75%		0.197

		foreman_qcif.yuv		100		20		34.578		39.585		40.829		33.254		38.62		38.85		45815

		foreman_qcif.yuv		100		24		31.812		38.475		39.128		30.691		37.399		37.411		27729

		foreman_qcif.yuv		100		28		29.134		37.525		38.089		27.987		36.502		36.375		16829

		foreman_qcif.yuv		100		31		27.261		37.414		37.517		26.166		36.193		35.882		11806

		silent_qcif.yuv		150		16		36.218		38.515		39.451		35.803		38.066		39.057		62584		1.54%		0.075

		silent_qcif.yuv		150		20		33.639		36.64		37.929		33.105		36.558		37.988		36700

		silent_qcif.yuv		150		24		31.117		34.938		37.215		30.528		34.949		37.116		21341

		silent_qcif.yuv		150		28		28.538		34.338		36.359		28.027		34.25		36.12		12325

		silent_qcif.yuv		150		31		26.969		33.841		36.206		26.354		33.864		36.041		8616

		paris_cif.yuv		150		16		36.639		39.162		39.125		35.627		38.318		38.147		348976		0.73%		0.037

		paris_cif.yuv		150		20		33.593		36.965		37.167		32.576		36.338		36.42		201485

		paris_cif.yuv		150		24		30.637		35.14		35.359		29.65		34.771		34.952		112559

		paris_cif.yuv		150		28		27.543		33.888		34.04		26.754		33.544		33.72		62710

		paris_cif.yuv		150		31		25.461		33.254		33.781		24.803		32.913		33.397		42705

		mobile_cif.yuv		300		16		35.309		37.358		37.18		33.986		35.042		34.943		1657004		0.64%		0.028

		mobile_cif.yuv		300		20		31.877		35.406		35.118		30.684		32.901		32.78		833798

		mobile_cif.yuv		300		24		28.585		33.431		33.05		27.672		30.987		30.808		406809

		mobile_cif.yuv		300		28		25.439		32.296		31.971		24.839		29.821		29.524		226740

		mobile_cif.yuv		300		31		23.344		31.577		31.361		22.855		29.312		28.934		159244

		tempete_cif.yuv		260		16		35.762		37.534		39.51		34.945		36.441		38.324		1276031		1.29%		0.053

		tempete_cif.yuv		260		20		32.616		35.791		38.012		31.887		34.983		36.987		619544

		tempete_cif.yuv		260		24		29.592		34.302		36.486		29.134		33.526		35.625		301817

		tempete_cif.yuv		260		28		26.749		33.369		35.635		26.472		32.562		34.703		162093

		tempete_cif.yuv		260		31		24.875		32.913		35.222		24.6		32.102		34.258		109410

		coast_cif.yuv		300		16		35.125		44.577		46.292		34.341		42.706		44.591		1265484		8.23%		0.28

		coast_cif.yuv		300		20		32.36		42.979		45.098		31.457		41.543		43.011		616242

		coast_cif.yuv		300		24		29.885		41.613		43.213		28.854		40.157		41.045		270744

		coast_cif.yuv		300		28		27.55		40.532		41.692		26.606		39.037		39.568		116146

		coast_cif.yuv		300		31		26.197		39.871		42.178		25.227		38.819		39.582		70607

		average																				2.11%		0.08825

																						bitsaving		dB gain





GMVC(2)

		sequences		number of frames		QP		PSNR(Y) (TML8)		bitrate (TML8)		PSNR(Y) (GMVC)		bitrate (GMVC)		GMVC average bitsavings (avsnr)		GMVC average dB gain (avsnr)

		container_qcif		100		16		36.012		26841		36.072		26973		0.41%		0.017

				100		20		33.315		14686		33.374		14982

				100		24		30.496		8872		30.625		8992

				100		28		27.72		5501		27.89		5546

		news_qcif		100		16		36.748		50387		36.771		50306		0.32%		0.019

				100		20		33.773		30616		33.807		30610

				100		24		30.807		18393		30.878		18571

				100		28		27.912		11138		27.92		11217

		foreman_qcif		100		16		36.03		77341		36.015		76953		3.75%		0.197

				100		20		33.312		47049		33.254		45815

				100		24		30.759		29654		30.691		27729

				100		28		28.123		19002		27.987		16829

		silent_qcif		150		16		35.799		62703		35.803		62584		1.54%		0.075

				150		20		33.067		36789		33.105		36700

				150		24		30.446		21462		30.528		21341

				150		28		27.94		12389		28.027		12325

		paris_cif		150		16		35.607		350219		35.627		348976		0.73%		0.037

				150		20		32.541		202010		32.576		201485

				150		24		29.636		112599		29.65		112559

				150		28		26.719		63113		26.754		62710

		mobile_cif		300		16		34.009		1658660		33.986		1657004		0.64%		0.028

				300		20		30.738		838637		30.684		833798

				300		24		27.817		423358		27.672		406809

				300		28		25.093		252598		24.839		226740

		tempete_cif		260		16		34.95		1275478		34.945		1276031		1.29%		0.053

				260		20		31.931		625722		31.887		619544

				260		24		29.217		313318		29.134		301817

				260		28		26.557		176451		26.472		162093

		coast_cif		300		16		34.36		1289113		34.341		1265484		8.23%		0.28

				300		20		31.491		649562		31.457		616242

				300		24		28.874		307248		28.854		270744

				300		28		26.548		144230		26.606		116146

		average														2.11%		0.08825





IBP(2)

		901975		348141		893375		347143

		462382		138224		450326		137112

		218820		56840		202588		55282

		100375		27049		84531		25572

		60020		18969		48175		17891



TML-8 (I&P)

TML-8 (B)

GMVC (I&P)

GMVC (B)

bit rate

PSNR

coast-guard_cif (IBPBP...)

34.34

34.3961879195

34.318

34.3942550336

31.518

31.5380671141

31.481
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28.916

28.960147651
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26.594

26.6401543624
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26.6521677852

25.132
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		TML-8								GMVC

		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)		psnr(IP)		bitrate(IP)		psnr(B)		bitrate(B)

		34.34		901975		34.3961879195		348141		34.318		893375		34.3942550336		347143

		31.518		462382		31.5380671141		138224		31.481		450326		31.525147651		137112

		28.916		218820		28.960147651		56840		28.865		202588		28.9332281879		55282

		26.594		100375		26.6401543624		27049		26.602		84531		26.6521677852		25572

		25.132		60020		25.1701275168		18969		25.213		48175		25.2531342282		17891

		coast-guard_cif





copy

		

				sequences		qp=16				qp=20				qp=24				qp=28				qp=31

						GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY		GMVC_COPY		COPY

				container_qcif		5753		5968		6643		6833		7292		7532		8038		8285		8608		8836

				news_qcif		5746		5818		6394		6505		7019		7128		7669		7762		8122		8160

				foreman_qcif		1355		550		2279		965		3402		1551		4717		2540		5689		3617

				silent_qcif		8333		8298		9329		9324		10386		10438		11561		11616		12330		12414

				paris_cif		34587		34551		38552		38665		41886		42043		44836		45133		47272		47619

				mobile_cif		6374		1642		13596		2656		25928		5539		40446		12605		52843		21972

				tempete_cif		12036		10165		19882		15472		31872		24506		47765		39576		61627		55027

				coast-guard_cif		19821		2613		38079		11598		59845		30783		79784		57910		89449		76819
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