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1. Introduction

Block-based motion-compensated video coding has been used in H.26L. The lossy compression process causes visual artifacts in the decoded images. As other block-based video coding algorithms, blocking artifact is one of usual artifacts that TML often suffers, especially at very low bit rates. The blocking artifact is the perceived block-ness formed by discontinuities along the motion/transform block boundaries, due to the quantization of the Transform coefficients. Image-filtering techniques have been introduced to reduce the blocking artifacts from the reconstructed images. Most existing methods extract the image features directly from the reconstructed video signals; and then image pixels across image block boundaries can be adjusted to reduce the visibility of the blocking artifacts. In the current H.26L testing model, a loop filter is used to process each reconstructed image to smooth out transitions at image block boundaries and then provided as a reference frame for motion estimation and compensation. A post filter can also be used on the decoder side to finalize each image for display. Although the loop filter may be simple, this pixel-wise operations are added up to become a significant portion of the decoder computations, up to 15% for TML-5.9 and 30% for TML-5.0.

Deblocking filters may reduce blocking artifacts, but they also may introduce artifacts of blurring or distortions of image features, which should be avoided whenever possible. The main inefficiency of the current loop filtering method in H.26L is that it operates on the reconstructed image without fully utilizing the motion estimation and compensation information, which is available during video coding.
In this proposal, we consider the motion estimation and compensation information so that unnecessary filtering operations can be skipped. This not only can avoid unnecessary blurring but also can significantly reduce the number of filtering operations. 

2. Loop Filter with Skip Mode

We observed that, if two adjacent blocks share the same motion vector (with respect to the same reference frame) and there is no significant difference between the image residuals of each block, the discontinuity along their boundary is usually insignificant and need not be filtered. A loop filter is used under such circumstances without considering motion vectors and coefficients would potentially filter that boundary again and again from frame to frame. This unnecessary filtering not only consumes extra computations but also results in unnecessary blurring.
Therefore, we propose a ‘skip’ mode for the loop filter. Figure 1 shows the proposed filtering scheme.
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Figure 1. The proposed ‘skip’ mode for the loop filter.
The ‘skip’ mode is proposed for the filtering of the boundaries between inter-coded blocks. If two blocks on the two sides of the boundary share the same motion vector with respect to the same reference image frame and there is no significant difference between the image residuals of each block, i.e., they share exactly the same DC coefficient, then the deblocking filtering process can be simply skipped. The advantages of the proposed filtering scheme are that computational time can be significantly reduced and some of the unnecessary blurring can be avoided and picture quality can be improved compared to that by the current filtering methods. Note that the skip decision is based on the information available at both encoder and decoder. Thus no extra side information needs to be transmitted.

It is straightforward to apply the same filtering scheme on the spatially sub-sampled chrominance channels. In the case with the 4:2:0 colour format sequences, the determination of the ‘skip’ mode for a block boundary will rely on the equality of motion vectors and DC components of two pair of luminance blocks across the boundary.
3. Experiments

3.1 Testing with TML-5.0

Table 1 gives the comparison between modified TML-5.0 and the proposed loop filtering scheme under subjective comparison conditions specified by the “Recommended Simulation Conditions for H.26L” in VCEG-L38. TML-5.0 loop filter has been modified to fix the bug reported in VCEG-L32. The proposed method is embedded into the loop filter within the modified TML-5.0. The red italic data are results of the proposed loop filter. The bit rate of the proposed method is in general lower than that of the TML-5.0 while PSNR is slightly improved in general. Since the introduction of skip mode in the proposed loop filter, we achieved computation saving of 35-49% for the loop filter. The relative computation saving is derived based on the number of calls of the deblocking filter function (loop() in the program image.c).

Table 1. Comparison between modified TML-5.0 and the proposed loop filtering scheme
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The decoded video sequences will be provided during the meeting. The side-by-side comparisons of the last frame in each sequence are available in Fig. 2. The images on the left are from the proposed method, while the ones on the right side are from the modified TML-5.0. Comparing to the modified TML-5.0, the results with the proposed method show no significant visual quality degradation; and it is visible that some of the image details are preserved.
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Figure 2. Comparison between the last frames of the testing sequences listed in Table 1 

(to be continued in the next page).
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Figure 2. Comparison between the last frames of the testing sequences listed in Table 1 

(continue of the previous page).
Table 2 gives more detailed objective evaluation of the proposed loop filtering scheme based on the specified conditions in VCEG-L38. The results show 28-55% reductions of filtering computation and no PSNR degradation. Detailed experimental results are available in the file VCEG-M20.xls.
Table 2. Performance of the proposed loop filtering scheme in TML-5.0
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3.2 Testing with TML-5.9

Table 3 gives the comparison between TML-5.9 and the proposed loop filtering scheme under subjective comparison conditions specified in VCEG-L38. The proposed method is embedded into the loop filter within TML-5.9. The red italic data are results of the proposed loop filter. Since the introduction of skip mode in the proposed loop filter, we achieved computation saving of 31-46% for the loop filter. The relative computation saving is derived based on the number of calls of the deblocking filter function (loop() in the program image.c). The bit rate and PSNR of the proposed method are in general consistent with that of TML-5.0.

Table 3. Comparison between TML-5.9 and the proposed loop filtering scheme
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Figure 3. Comparison between the last frames of the testing sequences listed in Table 3 

(to be continued in the next page).
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Figure 3. Comparison between the last frames of the testing sequences listed in Table 3 

(continue of the previous page).
The decoded video sequences will be provided during the meeting. The side-by-side comparisons of the last frame in each sequence are available in Fig. 3. The images on the left are from the proposed method, while the ones on the right side are from TML-5.9. Comparing to TML-5.9, the results with the proposed method show no significant visual quality degradation.
Table 4 gives more detailed objective evaluation of the proposed loop filtering scheme based on the specified conditions in VCEG-L38. The results show 27-48% reductions of filtering computation and no significant PSNR degradation. Detailed experimental results are available in VCEG-M20.xls.
4. Summary

We have demonstrated the advantages of the proposed loop filtering scheme with the skip mode. This approach significantly reduces the computation requirement, which can be critical for real-time implementation of decoding devices. The method showed no degradation in PSNR and visual quality. We recommend VCEG to adopt the proposed scheme into the new TML.

Table 4. Performance of the proposed loop filtering scheme in TML-5.9
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5. Legal Statement

Sharp has intellectual property related to this contribution and has chosen to subscribe to subclause 2.2 of the ITU-T patent policy under the condition of reciprocity.
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_1046068596.xls
TML-5.9

		Sequence		Frames/ P_Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate_P		Bitrate_B		Relative Saving

		container_qcif		298/10fps		20		34.623		39.884		40.075		34.015		40.134		39.973		17449		8911		41.46%

														33.994		40.099		40.001		17594		8953

		news_qcif		298/10fps		24		31.528		36.829		37.557		31.462		37.335		37.829		22193		16503		33.84%

														31.446		37.345		37.738		22268		16422

		foreman_qcif		298/10fps		24		31.87		39.196		40.229		31.625		38.548		39.058		37334		29300		32.78%

														31.619		38.534		39.052		37176		29281

		silent_qcif		299/15fps		20		33.764		37.853		39.337		33.686		37.851		39.279		44294		18977		31.48%

														33.697		37.903		39.236		44316		18998

		paris_cif		299/15fps		16		36.95		39.926		40.105		36.445		39.839		39.965		403649		200772		33.27%

														36.426		39.881		39.973		403419		200488

		mobile_cif		300/30fps		20		32.217		35.937		35.727		31.748		34.953		34.798		1138715		0		43.33%

														31.765		35.021		34.843		1133380		0

		tempete_cif		260/30fps		28		26.808		34.291		36.813		27.378		34.116		36.215		252202		0		46.41%

														27.376		34.101		36.194		252733		0





tml5.9

		sequence		P_fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps_P		bps_B		bps_total

		container_qcif		100		16																		0

		container_qcif		100		20		34.623		39.884		40.075		34.015		40.134		39.973		17449		8911		26360

		container_qcif		100		24																		0

		container_qcif		100		28																		0

		news_qcif		100		16																		0

		news_qcif		100		20																		0

		news_qcif		100		24		31.528		36.829		37.557		31.462		37.335		37.829		22193		16503		38696

		news_qcif		100		28																		0

		foreman_qcif		100		16																		0

		foreman_qcif		100		20																		0

		foreman_qcif		100		24		31.87		39.196		40.229		31.625		38.548		39.058		37334		29300		66634

		foreman_qcif		100		28																		0

		silent_qcif		150		16																		0

		silent_qcif		150		20		33.764		37.853		39.337		33.686		37.851		39.279		44294		18977		63271

		silent_qcif		150		24																		0

		silent_qcif		150		28																		0

		paris_cif		150		16		36.95		39.926		40.105		36.445		39.839		39.965		403649		200772		604421

		paris_cif		150		20																		0

		paris_cif		150		24																		0

		paris_cif		150		28																		0

		mobile_cif		300		16		35.724		37.732		37.672		35.002		36.972		36.864		2038183		0		2038183

		mobile_cif		300		20		32.217		35.937		35.727		31.748		34.953		34.798		1138715		0		1138715

		mobile_cif		300		24		28.74		34.163		33.752		28.735		33.103		32.874		613459		0		613459

		mobile_cif		300		28		25.52		33.191		32.635		25.877		31.916		31.62		364767		0		364767

		tempete_cif		260		16		36.123		38.347		40.277		35.927		38.208		39.9		1617006		0		1617006

		tempete_cif		260		20		32.881		36.671		39.073		32.894		36.614		38.502		863916		0		863916

		tempete_cif		260		24		29.724		35.216		37.656		30.08		35.108		37.126		447960		0		447960

		tempete_cif		260		28		26.808		34.291		36.813		27.378		34.116		36.215		252202		0		252202





skip in tml5.9

		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps_P		bps_B		bps_total		sla-saving		dB gain (sweet)		avsnr gain

		container_qcif		100		16																		0		48.01%		0.0952		0.0701

		container_qcif		100		20		34.623		39.884		40.075		33.994		40.099		40.001		17594		8953		26547		41.46%

		container_qcif		100		24																		0		51.65%

		container_qcif		100		28																		0		55.63%

		news_qcif		100		16																		0		38.14%		0.0201		0.0192

		news_qcif		100		20																		0		40.49%

		news_qcif		100		24		31.528		36.829		37.557		31.446		37.345		37.738		22268		16422		38690		33.84%

		news_qcif		100		28																		0		46.96%

		foreman_qcif		100		16																		0		28.57%		0.0451		0.0763

		foreman_qcif		100		20																		0		32.37%

		foreman_qcif		100		24		31.87		39.196		40.229		31.619		38.534		39.052		37176		29281		66457		32.78%

		foreman_qcif		100		28																		0		39.64%

		silent_qcif		150		16																		0		34.47%		0.0659		0.0588

		silent_qcif		150		20		33.764		37.853		39.337		33.697		37.903		39.236		44316		18998		63314		31.48%

		silent_qcif		150		24																		0		43.53%

		silent_qcif		150		28																		0		47.48%

		paris_cif		150		16		36.95		39.926		40.105		36.426		39.881		39.973		403419		200488		603907		33.27%		0.1164		0.13

		paris_cif		150		20		33.828		38.047		38.364		33.336		38.022		38.255		243101		108518		351619		35.67%

		paris_cif		150		24																		0		42.25%

		paris_cif		150		28																		0		46.21%

		mobile_cif		300		16		35.724		37.732		37.672		34.999		36.994		36.878		2032257		0		2032257		38.53%		0.0765		0.1153

		mobile_cif		300		20		32.217		35.937		35.727		31.765		35.021		34.843		1133380		0		1133380		43.33%

		mobile_cif		300		24		28.74		34.163		33.752		28.745		33.221		32.946		605221		0		605221		46.11%

		mobile_cif		300		28		25.52		33.191		32.635		25.884		32.073		31.713		357340		0		357340		48.53%

		tempete_cif		260		16		36.123		38.347		40.277		35.933		38.205		39.908		1615678		0		1615678		32.18%		0.0582		0.0846

		tempete_cif		260		20		32.881		36.671		39.073		32.896		36.602		38.528		862719		0		862719		38.17%

		tempete_cif		260		24		29.724		35.216		37.656		30.087		35.098		37.152		449183		0		449183		42.34%

		tempete_cif		260		28		26.808		34.291		36.813		27.376		34.101		36.194		252733		0		252733		46.41%





tml5.9 rd-curve
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		0		0		0		0		0		0



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

container_qcif

34.015

40.134

39.973

33.994

40.099

40.001



TML-5.0

		0		0		0		0		0		0

		0		0		0		0		0		0

		38696		38696		38696		38690		38690		38690

		0		0		0		0		0		0



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

news_qcif

31.462

37.335

37.829

31.446

37.345

37.738



tml5.0

		0		0		0		0		0		0

		0		0		0		0		0		0

		66634		66634		66634		66457		66457		66457

		0		0		0		0		0		0



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

foreman_qcif

31.625

38.548

39.058

31.619

38.534

39.052



skip in tml5.0

		0		0		0		0		0		0

		63271		63271		63271		63314		63314		63314

		0		0		0		0		0		0

		0		0		0		0		0		0



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

silent_qcif

33.686

37.851

39.279

33.697

37.903

39.236



tml5.0 rd-curve

		604421		604421		604421		603907		603907		603907

		0		0		0		351619		351619		351619

		0		0		0		0		0		0

		0		0		0		0		0		0



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

paris_cif

36.445

39.839

39.965

36.426

39.881

39.973

33.336

38.022

38.255



transpose-rdq

		2038183		2038183		2038183		2032257		2032257		2032257

		1138715		1138715		1138715		1133380		1133380		1133380

		613459		613459		613459		605221		605221		605221

		364767		364767		364767		357340		357340		357340



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

mobile_cif

35.002

36.972

36.864

34.999

36.994

36.878

31.748

34.953

34.798

31.765

35.021

34.843

28.735

33.103

32.874

28.745

33.221

32.946

25.877

31.916

31.62

25.884

32.073

31.713



		1617006		1617006		1617006		1615678		1615678		1615678

		863916		863916		863916		862719		862719		862719

		447960		447960		447960		449183		449183		449183

		252202		252202		252202		252733		252733		252733



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

tempete_cif

35.927

38.208

39.9

35.933

38.205

39.908

32.894

36.614

38.502

32.896

36.602

38.528

30.08

35.108

37.126

30.087

35.098

37.152

27.378

34.116

36.215

27.376

34.101

36.194



		Sequence		Frames/ Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate 1		Bitrate N		Relative Saving

		container_qcif		100/10fps		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699		49.84%

														33.959		40.099		40.035				17481

		news_qcif		100/10fps		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306		43.15%

														31.526		37.203		37.732				22252

		foreman_qcif		100/10fps		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944		35.98%

														31.563		38.487		39.019				36888

		silent_qcif		150/15fps		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193		38.74%

														33.819		37.93		39.179				43924

		paris_cif		150/15fps		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017		36.08%

														36.41		39.961		40.124				402769

		mobile_cif		300/30fps		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710		43.12%

														31.734		35.044		34.843				1155435

		tempete_cif		260/30fps		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815		47.23%

														27.291		33.923		36.014				262710





		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n

		container_qcif		100		16		37.471		41.632		41.496		36.749		41.812		41.523		284890		32923

		container_qcif		100		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699

		container_qcif		100		24		31.535		38.476		38.042		31.167		38.146		37.918		133030		10684

		container_qcif		100		28		28.651		37.47		36.896		28.193		37.229		36.809		82710		6420

		news_qcif		100		16		37.934		40.567		41.466		37.529		40.76		41.282		322280		58009

		news_qcif		100		20		34.877		38.803		39.832		34.47		38.825		39.514		230480		36455

		news_qcif		100		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306

		news_qcif		100		28		28.639		35.393		36.442		28.491		35.51		36.744		103410		13606

		foreman_qcif		100		16		37.743		41.68		43.191		37.015		41.23		42.141		238620		94536

		foreman_qcif		100		20		34.816		40.126		41.408		34.211		39.822		40.559		158040		58622

		foreman_qcif		100		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944

		foreman_qcif		100		28		29.103		37.902		38.719		28.517		37.571		37.862		65730		23725

		silent_qcif		150		16		36.785		39.655		40.884		36.587		39.592		40.731		451245		72084

		silent_qcif		150		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193

		silent_qcif		150		24		31.398		36.496		38.036		31.125		36.324		37.842		178425		26389

		silent_qcif		150		28		28.81		35.227		36.595		28.423		35.22		36.728		108825		15367

		paris_cif		150		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017

		paris_cif		150		20		33.857		38.064		38.396		33.32		37.859		38.076		1670775		246613

		paris_cif		150		24		30.706		36.236		36.584		30.226		35.908		36.199		1163760		143439

		paris_cif		150		28		27.694		34.851		35.208		27.189		34.483		34.813		744240		83747

		mobile_cif		300		16		35.831		37.817		37.743		34.99		37.019		36.904		7814490		2061288

		mobile_cif		300		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710

		mobile_cif		300		24		28.92		34.249		33.819		28.645		32.929		32.7		3894450		641931

		mobile_cif		300		28		25.726		33.216		32.727		25.632		31.455		31.155		2397510		402467

		tempete_cif		260		16		36.337		38.536		40.312		35.951		38.374		39.975		5470680		1635225

		tempete_cif		260		20		33.077		36.71		39.033		32.884		36.578		38.467		3718230		882980

		tempete_cif		260		24		29.919		35.219		37.382		30.001		34.94		36.902		2422890		466702

		tempete_cif		260		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815





		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n		sla-saving		dB gain (sweet)		avsnr gain

		container_qcif		100		16		37.471		41.632		41.496		36.73		41.859		41.542		284890		32861		48.01%		0.0952		0.0701

		container_qcif		100		20		34.677		40.134		40.056		33.959		40.099		40.035		196840		17481		49.84%

		container_qcif		100		24		31.535		38.476		38.042		31.157		38.408		38.086		133030		10401		51.65%

		container_qcif		100		28		28.651		37.47		36.896		28.241		37.56		37.043		82710		6327		55.63%

		news_qcif		100		16		37.934		40.567		41.466		37.538		40.797		41.299		322280		58031		38.14%		0.0201		0.0192

		news_qcif		100		20		34.877		38.803		39.832		34.462		38.916		39.684		230480		36183		40.49%

		news_qcif		100		24		31.707		36.834		37.576		31.526		37.203		37.732		160200		22252		43.15%

		news_qcif		100		28		28.639		35.393		36.442		28.441		35.703		36.78		103410		13416		46.96%

		foreman_qcif		100		16		37.743		41.68		43.191		37.017		41.237		42.149		238620		93903		28.57%		0.0451		0.0763

		foreman_qcif		100		20		34.816		40.126		41.408		34.23		39.835		40.564		158040		58755		32.37%

		foreman_qcif		100		24		31.893		39.058		40.038		31.563		38.487		39.019		100790		36888		35.98%

		foreman_qcif		100		28		29.103		37.902		38.719		28.716		37.564		37.839		65730		23515		39.64%

		silent_qcif		150		16		36.785		39.655		40.884		36.62		39.608		40.785		451245		72148		34.47%		0.0659		0.0588

		silent_qcif		150		20		34.014		38.019		39.357		33.819		37.93		39.179		290520		43924		38.74%

		silent_qcif		150		24		31.398		36.496		38.036		31.134		36.389		37.796		178425		26216		43.53%

		silent_qcif		150		28		28.81		35.227		36.595		28.494		35.321		36.669		108825		15393		47.48%

		paris_cif		150		16		37.032		40.011		40.231		36.41		39.961		40.124		2388540		402769		36.08%		0.1164		0.13

		paris_cif		150		20		33.857		38.064		38.396		33.33		38.025		38.199		1670775		243048		38.95%

		paris_cif		150		24		30.706		36.236		36.584		30.251		36.149		36.48		1163760		140417		42.25%

		paris_cif		150		28		27.694		34.851		35.208		27.263		34.893		35.111		744240		80640		46.21%

		mobile_cif		300		16		35.831		37.817		37.743		34.986		37.038		36.921		7814490		2058082		38.09%		0.0765		0.1153

		mobile_cif		300		20		32.361		35.975		35.761		31.734		35.044		34.843		5543400		1155435		43.12%

		mobile_cif		300		24		28.92		34.249		33.819		28.678		33.125		32.845		3894450		628717		46.08%

		mobile_cif		300		28		25.726		33.216		32.727		25.736		31.811		31.459		2397510		378638		48.76%

		tempete_cif		260		16		36.337		38.536		40.312		35.943		38.374		39.972		5470680		1632558		32.39%		0.0582		0.0846

		tempete_cif		260		20		33.077		36.71		39.033		32.903		36.625		38.486		3718230		880586		38.47%

		tempete_cif		260		24		29.919		35.219		37.382		30.071		35.033		37.018		2422890		463523		42.93%

		tempete_cif		260		28		26.987		34.194		36.675		27.291		33.923		36.014		1438530		262710		47.23%





		





		32923		32923		32923		32861		32861		32861

		17699		17699		17699		17481		17481		17481

		10684		10684		10684		10401		10401		10401

		6420		6420		6420		6327		6327		6327



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

container_qcif

36.749

41.812

41.523

36.73

41.859

41.542

33.991

39.941

39.855

33.959

40.099

40.035

31.167

38.146

37.918

31.157

38.408

38.086

28.193

37.229

36.809

28.241

37.56

37.043



		58009		58009		58009		58031		58031		58031

		36455		36455		36455		36183		36183		36183

		22306		22306		22306		22252		22252		22252

		13606		13606		13606		13416		13416		13416



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

news_qcif

37.529

40.76

41.282

37.538

40.797

41.299

34.47

38.825

39.514

34.462

38.916

39.684

31.539

37.037

37.595

31.526

37.203

37.732

28.491

35.51

36.744

28.441

35.703

36.78



		94536		94536		94536		93903		93903		93903

		58622		58622		58622		58755		58755		58755

		36944		36944		36944		36888		36888		36888

		23725		23725		23725		23515		23515		23515



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

foreman_qcif

37.015

41.23

42.141

37.017

41.237

42.149

34.211

39.822

40.559

34.23

39.835

40.564

31.471

38.487

38.958

31.563

38.487

39.019

28.517

37.571

37.862

28.716

37.564

37.839



		72084		72084		72084		72148		72148		72148

		44193		44193		44193		43924		43924		43924

		26389		26389		26389		26216		26216		26216

		15367		15367		15367		15393		15393		15393



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

silent_qcif

36.587

39.592

40.731

36.62

39.608

40.785

33.765

37.886

39.107

33.819

37.93

39.179

31.125

36.324

37.842

31.134

36.389

37.796

28.423

35.22

36.728

28.494

35.321

36.669



		406017		406017		406017		402769		402769		402769

		246613		246613		246613		243048		243048		243048

		143439		143439		143439		140417		140417		140417

		83747		83747		83747		80640		80640		80640



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

paris_cif

36.419

39.971

40.051

36.41

39.961

40.124

33.32

37.859

38.076

33.33

38.025

38.199

30.226

35.908

36.199

30.251

36.149

36.48

27.189

34.483

34.813

27.263

34.893

35.111



		2061288		2061288		2061288		2058082		2058082		2058082

		1162710		1162710		1162710		1155435		1155435		1155435

		641931		641931		641931		628717		628717		628717

		402467		402467		402467		378638		378638		378638



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

mobile_cif

34.99

37.019

36.904

34.986

37.038

36.921

31.73

34.975

34.796

31.734

35.044

34.843

28.645

32.929

32.7

28.678

33.125

32.845

25.632

31.455

31.155

25.736

31.811

31.459



		1635225		1635225		1635225		1632558		1632558		1632558

		882980		882980		882980		880586		880586		880586

		466702		466702		466702		463523		463523		463523

		269815		269815		269815		262710		262710		262710



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

tempete_cif

35.951

38.374

39.975

35.943

38.374

39.972

32.884

36.578

38.467

32.903

36.625

38.486

30.001

34.94

36.902

30.071

35.033

37.018

27.109

33.755

35.837

27.291

33.923

36.014



		sla-psnr		36.73		33.959		31.157		28.241		0		37.538		34.462		31.526		28.441		0		37.017		34.23		31.563		28.716		0		36.62		33.819		31.134		28.494		0		36.41		33.33		30.251		27.263		0		34.986		31.734		28.678		25.736		0		35.943		32.903		30.071		27.291

		sla-bps		32.861		17.481		10.401		6.327		0		58.031		36.183		22.252		13.416		0		93.903		58.755		36.888		23.515		0		72.148		43.924		26.216		15.393		0		402.769		243.048		140.417		80.64		0		2058.082		1155.435		628.717		378.638		0		1632.558		880.586		463.523		262.71

		tml-psnr		36.749		33.991		31.167		28.193		0		37.529		34.47		31.539		28.491		0		37.015		34.211		31.471		28.517		0		36.587		33.765		31.125		28.423		0		36.419		33.32		30.226		27.189		0		34.99		31.73		28.645		25.632		0		35.951		32.884		30.001		27.109

		tml-bps		32.923		17.699		10.684		6.42		0		58.009		36.455		22.306		13.606		0		94.536		58.622		36.944		23.725		0		72.084		44.193		26.389		15.367		0		406.017		246.613		143.439		83.747		0		2061.288		1162.71		641.931		402.467		0		1635.225		882.98		466.702		269.815

		sla-psnr		0		33.994		0		0		0		0		0		31.446		0		0		0		0		31.619		0		0		0		33.697		0		0		0		36.426		33.336		0		0		0		34.999		31.765		28.745		25.884		0		35.933		32.896		30.087		27.376

		sla-bps		0		26.547		0		0		0		0		0		38.69		0		0		0		0		66.457		0		0		0		63.314		0		0		0		603.907		351.619		0		0		0		2032.257		1133.38		605.221		357.34		0		1615.678		862.719		449.183		252.733

		tml-psnr		0		34.015		0		0		0		0		0		31.462		0		0		0		0		31.625		0		0		0		33.686		0		0		0		36.445		0		0		0		0		35.002		31.748		28.735		25.877		0		35.927		32.894		30.08		27.378

		tml-bps		0		26.36		0		0		0		0		0		38.696		0		0		0		0		66.634		0		0		0		63.271		0		0		0		604.421		0		0		0		0		2038.183		1138.715		613.459		364.767		0		1617.006		863.916		447.96		252.202






_1046071449.xls
Sheet1

		sequences		number of frames		qp		relative computation savings		snr gain (sweet spot) dB		avsnr gain dB

		container_qcif		100		16		63.56%		-0.805		-0.7687

						20		65.12%

						24		66.16%

						28		66.98%

		news_qcif		100		16		58.15%		-0.5715		-0.5792

						20		58.15%

						24		60.43%

						28		62.48%

		foreman_qcif		100		16		35.36%		-0.2301		-0.2253

						20		42.29%

						24		49.22%

						28		53.43%

		silent_qcif		150		16		55.40%		-0.4806		-0.4435

						20		58.93%

						24		62.66%

						28		64.46%

		paris_cif		150		16		68.32%		-0.6485		-0.6428

						20		68.14%

						24		69.21%

						28		72.26%

		mobile_cif		300		16		64.89%		-0.462		-0.4727

						20		60.56%

						24		65.63%

						28		68.79%

		tempete_cif		260		16		46.29%		-0.4191		-0.4044

						20		59.25%

						24		66.84%

						28		70.59%





Sheet3

		48.01%		0.0952		0.0701

		49.84%

		51.65%

		55.63%

		38.14%		0.0201		0.0192

		40.49%

		43.15%

		46.96%

		28.57%		0.0451		0.0763

		32.37%

		35.98%

		39.64%

		34.47%		0.0659		0.0588

		38.74%

		43.53%

		47.48%

		36.08%		0.1164		0.13

		38.95%

		42.25%

		46.21%

		38.09%		0.0765		0.1153

		43.12%

		46.08%

		48.76%

		32.39%		0.0582		0.0846

		38.47%

		42.93%

		47.23%





Sheet2

		sequences		number of frames		qp		relative computation savings		avsnry gain (sweet spot) dB		avsnry gain dB

		container_qcif		100		16		48.01%		0.0952		0.0701

						20		49.84%

						24		51.65%

						28		55.63%

		news_qcif		100		16		38.14%		0.0201		0.0192

						20		40.49%

						24		43.15%

						28		46.96%

		foreman_qcif		100		16		28.57%		0.0451		0.0763

						20		32.37%

						24		35.98%

						28		39.64%

		silent_qcif		150		16		34.47%		0.0659		0.0588

						20		38.74%

						24		43.53%

						28		47.48%

		paris_cif		150		16		36.08%		0.1164		0.13

						20		38.95%

						24		42.25%

						28		46.21%

		mobile_cif		300		16		38.09%		0.0765		0.1153

						20		43.12%

						24		46.08%

						28		48.76%

		tempete_cif		260		16		32.39%		0.0582		0.0846

						20		38.47%

						24		42.93%

						28		47.23%
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Sheet1

		sequences		number of frames/P_frames		qp		relative computation savings		avsnry gain (sweet spot) dB		avsnry gain dB

		container_qcif		298/99		16		43.12%		0.0157		-0.0211

						20		41.46%

						24		40.83%

						28		40.63%

		news_qcif		298/99		16		31.88%		-0.0482		-0.0415

						20		32.47%

						24		33.84%

						28		36.31%

		foreman_qcif		298/99		16		27.64%		0.0435		0.0455

						20		30.79%

						24		32.78%

						28		35.68%

		silent_qcif		299/149		16		28.46%		-0.0097		-0.0085

						20		31.48%

						24		34.64%

						28		37.92%

		paris_cif		299/149		16		33.27%		-0.0207		-0.0217

						20		35.67%

						24		37.89%

						28		41.09%

		mobile_cif		300/299		16		38.53%		0.0575		0.0605

						20		43.33%

						24		46.11%

						28		48.53%

		tempete_cif		260/259		16		32.18%		0.0019		0.0012

						20		38.17%

						24		42.34%

						28		46.41%





TML-5.9

		Sequence		Frames/ P_Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate_P		Bitrate_B		Relative Saving

		container_qcif		298/10fps		20		34.623		39.884		40.075		34.015		40.134		39.973		17449		8911		41.46%

														33.994		40.099		40.001		17594		8953

		news_qcif		298/10fps		24		31.528		36.829		37.557		31.462		37.335		37.829		22193		16503		33.84%

														31.446		37.345		37.738		22268		16422

		foreman_qcif		298/10fps		24		31.87		39.196		40.229		31.625		38.548		39.058		37334		29300		32.78%

														31.619		38.534		39.052		37176		29281

		silent_qcif		299/15fps		20		33.764		37.853		39.337		33.686		37.851		39.279		44294		18977		31.48%

														33.697		37.903		39.236		44316		18998

		paris_cif		299/15fps		16		36.95		39.926		40.105		36.445		39.839		39.965		403649		200772		33.27%

														36.426		39.881		39.973		403419		200488

		mobile_cif		300/30fps		20		32.217		35.937		35.727		31.748		34.953		34.798		1138715		0		43.33%

														31.765		35.021		34.843		1133380		0

		tempete_cif		260/30fps		28		26.808		34.291		36.813		27.378		34.116		36.215		252202		0		46.41%

														27.376		34.101		36.194		252733		0





tml5.9

		sequence		P_fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps_P		bps_B		bps_total

		container_qcif		100		16		37.39		41.638		41.454		36.75		41.755		41.585		32464		15084		47548

		container_qcif		100		20		34.623		39.884		40.075		34.015		40.134		39.973		17449		8911		26360

		container_qcif		100		24		31.574		38.462		38.103		31.183		38.508		38.173		10437		6448		16885

		container_qcif		100		28		28.623		37.66		36.903		28.264		37.649		37.184		6200		5328		11528

		news_qcif		100		16		37.819		40.61		41.327		37.65		40.827		41.326		57747		43543		101290

		news_qcif		100		20		34.746		38.897		39.82		34.565		39.204		39.927		35921		26647		62568

		news_qcif		100		24		31.528		36.829		37.557		31.462		37.335		37.829		22193		16503		38696

		news_qcif		100		28		28.501		35.388		36.642		28.467		35.918		37.088		13470		10532		24002

		foreman_qcif		100		16		37.537		41.656		43.332		37.075		41.128		42.179		93790		86796		180586

		foreman_qcif		100		20		34.716		40.212		41.667		34.312		39.809		40.571		58868		50061		108929

		foreman_qcif		100		24		31.87		39.196		40.229		31.625		38.548		39.058		37334		29300		66634

		foreman_qcif		100		28		29.132		38.114		38.944		28.893		37.607		37.975		23969		17830		41799

		silent_qcif		150		16		36.482		39.346		40.663		36.473		39.428		40.621		72853		32303		105156

		silent_qcif		150		20		33.764		37.853		39.337		33.686		37.851		39.279		44294		18977		63271

		silent_qcif		150		24		31.25		36.473		38.028		31.097		36.432		37.853		26070		11368		37438

		silent_qcif		150		28		28.67		35.238		36.637		28.463		35.478		36.932		15263		7196		22459

		paris_cif		150		16		36.95		39.926		40.105		36.445		39.839		39.965		403649		200772		604421

		paris_cif		150		20		33.828		38.047		38.364		33.371		37.921		38.159		242537		108993		351530

		paris_cif		150		24		30.754		36.215		36.549		30.304		36.164		36.479		139340		57777		197117

		paris_cif		150		28		27.643		34.877		35.295		27.295		34.938		35.283		79799		32742		112541

		mobile_cif		300		16		35.724		37.732		37.672		35.002		36.972		36.864		2038183		0		2038183

		mobile_cif		300		20		32.217		35.937		35.727		31.748		34.953		34.798		1138715		0		1138715

		mobile_cif		300		24		28.74		34.163		33.752		28.735		33.103		32.874		613459		0		613459

		mobile_cif		300		28		25.52		33.191		32.635		25.877		31.916		31.62		364767		0		364767

		tempete_cif		260		16		36.123		38.347		40.277		35.927		38.208		39.9		1617006		0		1617006

		tempete_cif		260		20		32.881		36.671		39.073		32.894		36.614		38.502		863916		0		863916

		tempete_cif		260		24		29.724		35.216		37.656		30.08		35.108		37.126		447960		0		447960

		tempete_cif		260		28		26.808		34.291		36.813		27.378		34.116		36.215		252202		0		252202





skip in tml5.9

		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps_P		bps_B		bps_total		sla-saving		dB gain (sweet)		avsnr gain

		container_qcif		100		16		37.39		41.638		41.454		36.752		41.725		41.52		32822		15192		48014		43.12%		0.0157		-0.0211

		container_qcif		100		20		34.623		39.884		40.075		33.994		40.099		40.001		17594		8953		26547		41.46%

		container_qcif		100		24		31.574		38.462		38.103		31.151		38.415		38.14		10324		6307		16631		40.83%

		container_qcif		100		28		28.623		37.66		36.903		28.271		37.669		37.099		6275		5323		11598		40.63%

		news_qcif		100		16		37.819		40.61		41.327		37.637		40.841		41.366		57806		43753		101559		31.88%		-0.0482		-0.0415

		news_qcif		100		20		34.746		38.897		39.82		34.522		39.087		39.93		36144		26772		62916		32.47%

		news_qcif		100		24		31.528		36.829		37.557		31.446		37.345		37.738		22268		16422		38690		33.84%

		news_qcif		100		28		28.501		35.388		36.642		28.461		35.813		37.024		13509		10516		24025		36.31%

		foreman_qcif		100		16		37.537		41.656		43.332		37.092		41.196		42.157		93393		86055		179448		27.64%		0.0435		0.0455

		foreman_qcif		100		20		34.716		40.212		41.667		34.341		39.831		40.628		58250		49673		107923		30.79%

		foreman_qcif		100		24		31.87		39.196		40.229		31.619		38.534		39.052		37176		29281		66457		32.78%

		foreman_qcif		100		28		29.132		38.114		38.944		28.908		37.613		37.972		23874		17808		41682		35.68%

		silent_qcif		150		16		36.482		39.346		40.663		36.479		39.452		40.68		72916		32216		105132		28.46%		-0.0097		-0.0085

		silent_qcif		150		20		33.764		37.853		39.337		33.697		37.903		39.236		44316		18998		63314		31.48%

		silent_qcif		150		24		31.25		36.473		38.028		31.098		36.491		37.832		26219		11430		37649		34.64%

		silent_qcif		150		28		28.67		35.238		36.637		28.47		35.426		36.751		15420		7126		22546		37.92%

		paris_cif		150		16		36.95		39.926		40.105		36.426		39.881		39.973		403419		200488		603907		33.27%		-0.0207		-0.0217

		paris_cif		150		20		33.828		38.047		38.364		33.336		38.022		38.255		243101		108518		351619		35.67%

		paris_cif		150		24		30.754		36.215		36.549		30.3		36.209		36.486		139355		57808		197163		37.89%

		paris_cif		150		28		27.643		34.877		35.295		27.271		34.921		35.253		79881		32946		112827		41.09%

		mobile_cif		300		16		35.724		37.732		37.672		34.999		36.994		36.878		2032257		0		2032257		38.53%		0.0575		0.0605

		mobile_cif		300		20		32.217		35.937		35.727		31.765		35.021		34.843		1133380		0		1133380		43.33%

		mobile_cif		300		24		28.74		34.163		33.752		28.745		33.221		32.946		605221		0		605221		46.11%

		mobile_cif		300		28		25.52		33.191		32.635		25.884		32.073		31.713		357340		0		357340		48.53%

		tempete_cif		260		16		36.123		38.347		40.277		35.933		38.205		39.908		1615678		0		1615678		32.18%		0.0019		0.0012

		tempete_cif		260		20		32.881		36.671		39.073		32.896		36.602		38.528		862719		0		862719		38.17%

		tempete_cif		260		24		29.724		35.216		37.656		30.087		35.098		37.152		449183		0		449183		42.34%

		tempete_cif		260		28		26.808		34.291		36.813		27.376		34.101		36.194		252733		0		252733		46.41%





tml5.9 rd-curve

		





tml5.9 rd-curve

		47548		47548		47548		48014		48014		48014

		26360		26360		26360		26547		26547		26547

		16885		16885		16885		16631		16631		16631

		11528		11528		11528		11598		11598		11598



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

container_qcif

36.75

41.755

41.585

36.752

41.725

41.52

34.015

40.134

39.973

33.994

40.099

40.001

31.183

38.508

38.173

31.151

38.415

38.14

28.264

37.649

37.184

28.271

37.669

37.099



TML-5.0

		101290		101290		101290		101559		101559		101559

		62568		62568		62568		62916		62916		62916

		38696		38696		38696		38690		38690		38690

		24002		24002		24002		24025		24025		24025



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

news_qcif

37.65

40.827

41.326

37.637

40.841

41.366

34.565

39.204

39.927

34.522

39.087

39.93

31.462

37.335

37.829

31.446

37.345

37.738

28.467

35.918

37.088

28.461

35.813

37.024



tml5.0

		180586		180586		180586		179448		179448		179448

		108929		108929		108929		107923		107923		107923

		66634		66634		66634		66457		66457		66457

		41799		41799		41799		41682		41682		41682



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

foreman_qcif

37.075

41.128

42.179

37.092

41.196

42.157

34.312

39.809

40.571

34.341

39.831

40.628

31.625

38.548

39.058

31.619

38.534

39.052

28.893

37.607

37.975

28.908

37.613

37.972



skip in tml5.0

		105156		105156		105156		105132		105132		105132

		63271		63271		63271		63314		63314		63314

		37438		37438		37438		37649		37649		37649

		22459		22459		22459		22546		22546		22546



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

silent_qcif

36.473

39.428

40.621

36.479

39.452

40.68

33.686

37.851

39.279

33.697

37.903

39.236

31.097

36.432

37.853

31.098

36.491

37.832

28.463

35.478

36.932

28.47

35.426

36.751



tml5.0 rd-curve

		604421		604421		604421		603907		603907		603907

		351530		351530		351530		351619		351619		351619

		197117		197117		197117		197163		197163		197163

		112541		112541		112541		112827		112827		112827



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

paris_cif

36.445

39.839

39.965

36.426

39.881

39.973

33.371

37.921

38.159

33.336

38.022

38.255

30.304

36.164

36.479

30.3

36.209

36.486

27.295

34.938

35.283

27.271

34.921

35.253



transpose-rdq

		2038183		2038183		2038183		2032257		2032257		2032257

		1138715		1138715		1138715		1133380		1133380		1133380

		613459		613459		613459		605221		605221		605221

		364767		364767		364767		357340		357340		357340



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

mobile_cif

35.002

36.972

36.864

34.999

36.994

36.878

31.748

34.953

34.798

31.765

35.021

34.843

28.735

33.103

32.874

28.745

33.221

32.946

25.877

31.916

31.62

25.884

32.073

31.713



		1617006		1617006		1617006		1615678		1615678		1615678

		863916		863916		863916		862719		862719		862719

		447960		447960		447960		449183		449183		449183

		252202		252202		252202		252733		252733		252733



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

tempete_cif

35.927

38.208

39.9

35.933

38.205

39.908

32.894

36.614

38.502

32.896

36.602

38.528

30.08

35.108

37.126

30.087

35.098

37.152

27.378

34.116

36.215

27.376

34.101

36.194



		Sequence		Frames/ Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate 1		Bitrate N		Relative Saving

		container_qcif		100/10fps		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699		49.84%

														33.959		40.099		40.035				17481

		news_qcif		100/10fps		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306		43.15%

														31.526		37.203		37.732				22252

		foreman_qcif		100/10fps		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944		35.98%

														31.563		38.487		39.019				36888

		silent_qcif		150/15fps		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193		38.74%

														33.819		37.93		39.179				43924

		paris_cif		150/15fps		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017		36.08%

														36.41		39.961		40.124				402769

		mobile_cif		300/30fps		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710		43.12%

														31.734		35.044		34.843				1155435

		tempete_cif		260/30fps		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815		47.23%

														27.291		33.923		36.014				262710





		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n

		container_qcif		100		16		37.471		41.632		41.496		36.749		41.812		41.523		284890		32923

		container_qcif		100		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699

		container_qcif		100		24		31.535		38.476		38.042		31.167		38.146		37.918		133030		10684

		container_qcif		100		28		28.651		37.47		36.896		28.193		37.229		36.809		82710		6420

		news_qcif		100		16		37.934		40.567		41.466		37.529		40.76		41.282		322280		58009

		news_qcif		100		20		34.877		38.803		39.832		34.47		38.825		39.514		230480		36455

		news_qcif		100		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306

		news_qcif		100		28		28.639		35.393		36.442		28.491		35.51		36.744		103410		13606

		foreman_qcif		100		16		37.743		41.68		43.191		37.015		41.23		42.141		238620		94536

		foreman_qcif		100		20		34.816		40.126		41.408		34.211		39.822		40.559		158040		58622

		foreman_qcif		100		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944

		foreman_qcif		100		28		29.103		37.902		38.719		28.517		37.571		37.862		65730		23725

		silent_qcif		150		16		36.785		39.655		40.884		36.587		39.592		40.731		451245		72084

		silent_qcif		150		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193

		silent_qcif		150		24		31.398		36.496		38.036		31.125		36.324		37.842		178425		26389

		silent_qcif		150		28		28.81		35.227		36.595		28.423		35.22		36.728		108825		15367

		paris_cif		150		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017

		paris_cif		150		20		33.857		38.064		38.396		33.32		37.859		38.076		1670775		246613

		paris_cif		150		24		30.706		36.236		36.584		30.226		35.908		36.199		1163760		143439

		paris_cif		150		28		27.694		34.851		35.208		27.189		34.483		34.813		744240		83747

		mobile_cif		300		16		35.831		37.817		37.743		34.99		37.019		36.904		7814490		2061288

		mobile_cif		300		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710

		mobile_cif		300		24		28.92		34.249		33.819		28.645		32.929		32.7		3894450		641931

		mobile_cif		300		28		25.726		33.216		32.727		25.632		31.455		31.155		2397510		402467

		tempete_cif		260		16		36.337		38.536		40.312		35.951		38.374		39.975		5470680		1635225

		tempete_cif		260		20		33.077		36.71		39.033		32.884		36.578		38.467		3718230		882980

		tempete_cif		260		24		29.919		35.219		37.382		30.001		34.94		36.902		2422890		466702

		tempete_cif		260		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815





		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n		sla-saving		dB gain (sweet)		avsnr gain

		container_qcif		100		16		37.471		41.632		41.496		36.73		41.859		41.542		284890		32861		48.01%		0.0952		0.0701

		container_qcif		100		20		34.677		40.134		40.056		33.959		40.099		40.035		196840		17481		49.84%

		container_qcif		100		24		31.535		38.476		38.042		31.157		38.408		38.086		133030		10401		51.65%

		container_qcif		100		28		28.651		37.47		36.896		28.241		37.56		37.043		82710		6327		55.63%

		news_qcif		100		16		37.934		40.567		41.466		37.538		40.797		41.299		322280		58031		38.14%		0.0201		0.0192

		news_qcif		100		20		34.877		38.803		39.832		34.462		38.916		39.684		230480		36183		40.49%

		news_qcif		100		24		31.707		36.834		37.576		31.526		37.203		37.732		160200		22252		43.15%

		news_qcif		100		28		28.639		35.393		36.442		28.441		35.703		36.78		103410		13416		46.96%

		foreman_qcif		100		16		37.743		41.68		43.191		37.017		41.237		42.149		238620		93903		28.57%		0.0451		0.0763

		foreman_qcif		100		20		34.816		40.126		41.408		34.23		39.835		40.564		158040		58755		32.37%

		foreman_qcif		100		24		31.893		39.058		40.038		31.563		38.487		39.019		100790		36888		35.98%

		foreman_qcif		100		28		29.103		37.902		38.719		28.716		37.564		37.839		65730		23515		39.64%

		silent_qcif		150		16		36.785		39.655		40.884		36.62		39.608		40.785		451245		72148		34.47%		0.0659		0.0588

		silent_qcif		150		20		34.014		38.019		39.357		33.819		37.93		39.179		290520		43924		38.74%

		silent_qcif		150		24		31.398		36.496		38.036		31.134		36.389		37.796		178425		26216		43.53%

		silent_qcif		150		28		28.81		35.227		36.595		28.494		35.321		36.669		108825		15393		47.48%

		paris_cif		150		16		37.032		40.011		40.231		36.41		39.961		40.124		2388540		402769		36.08%		0.1164		0.13

		paris_cif		150		20		33.857		38.064		38.396		33.33		38.025		38.199		1670775		243048		38.95%

		paris_cif		150		24		30.706		36.236		36.584		30.251		36.149		36.48		1163760		140417		42.25%

		paris_cif		150		28		27.694		34.851		35.208		27.263		34.893		35.111		744240		80640		46.21%

		mobile_cif		300		16		35.831		37.817		37.743		34.986		37.038		36.921		7814490		2058082		38.09%		0.0765		0.1153

		mobile_cif		300		20		32.361		35.975		35.761		31.734		35.044		34.843		5543400		1155435		43.12%

		mobile_cif		300		24		28.92		34.249		33.819		28.678		33.125		32.845		3894450		628717		46.08%

		mobile_cif		300		28		25.726		33.216		32.727		25.736		31.811		31.459		2397510		378638		48.76%

		tempete_cif		260		16		36.337		38.536		40.312		35.943		38.374		39.972		5470680		1632558		32.39%		0.0582		0.0846

		tempete_cif		260		20		33.077		36.71		39.033		32.903		36.625		38.486		3718230		880586		38.47%

		tempete_cif		260		24		29.919		35.219		37.382		30.071		35.033		37.018		2422890		463523		42.93%

		tempete_cif		260		28		26.987		34.194		36.675		27.291		33.923		36.014		1438530		262710		47.23%





		





		32923		32923		32923		32861		32861		32861

		17699		17699		17699		17481		17481		17481

		10684		10684		10684		10401		10401		10401

		6420		6420		6420		6327		6327		6327



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

container_qcif

36.749

41.812

41.523

36.73

41.859

41.542

33.991

39.941

39.855

33.959

40.099

40.035

31.167

38.146

37.918

31.157

38.408

38.086

28.193

37.229

36.809

28.241

37.56

37.043



		58009		58009		58009		58031		58031		58031

		36455		36455		36455		36183		36183		36183

		22306		22306		22306		22252		22252		22252

		13606		13606		13606		13416		13416		13416



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

news_qcif

37.529

40.76

41.282

37.538

40.797

41.299

34.47

38.825

39.514

34.462

38.916

39.684

31.539

37.037

37.595

31.526

37.203

37.732

28.491

35.51

36.744

28.441

35.703

36.78



		94536		94536		94536		93903		93903		93903

		58622		58622		58622		58755		58755		58755

		36944		36944		36944		36888		36888		36888

		23725		23725		23725		23515		23515		23515



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

foreman_qcif

37.015

41.23

42.141

37.017

41.237

42.149

34.211

39.822

40.559

34.23

39.835

40.564

31.471

38.487

38.958

31.563

38.487

39.019

28.517

37.571

37.862

28.716

37.564

37.839



		72084		72084		72084		72148		72148		72148

		44193		44193		44193		43924		43924		43924

		26389		26389		26389		26216		26216		26216

		15367		15367		15367		15393		15393		15393



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

silent_qcif

36.587

39.592

40.731

36.62

39.608

40.785

33.765

37.886

39.107

33.819

37.93

39.179

31.125

36.324

37.842

31.134

36.389

37.796

28.423

35.22

36.728

28.494

35.321

36.669



		406017		406017		406017		402769		402769		402769

		246613		246613		246613		243048		243048		243048

		143439		143439		143439		140417		140417		140417

		83747		83747		83747		80640		80640		80640



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

paris_cif

36.419

39.971

40.051

36.41

39.961

40.124

33.32

37.859

38.076

33.33

38.025

38.199

30.226

35.908

36.199

30.251

36.149

36.48

27.189

34.483

34.813

27.263

34.893

35.111



		2061288		2061288		2061288		2058082		2058082		2058082

		1162710		1162710		1162710		1155435		1155435		1155435

		641931		641931		641931		628717		628717		628717

		402467		402467		402467		378638		378638		378638



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

mobile_cif

34.99

37.019

36.904

34.986

37.038

36.921

31.73

34.975

34.796

31.734

35.044

34.843

28.645

32.929

32.7

28.678

33.125

32.845

25.632

31.455

31.155

25.736

31.811

31.459



		1635225		1635225		1635225		1632558		1632558		1632558

		882980		882980		882980		880586		880586		880586

		466702		466702		466702		463523		463523		463523

		269815		269815		269815		262710		262710		262710



Y (TML)

U (TML)

V (TML)

Y (proposal)

U (proposal)

V (proposal)

tempete_cif

35.951

38.374

39.975

35.943

38.374

39.972

32.884

36.578

38.467

32.903

36.625

38.486

30.001

34.94

36.902

30.071

35.033

37.018

27.109

33.755

35.837

27.291

33.923

36.014



		sla-psnr		36.73		33.959		31.157		28.241		0		37.538		34.462		31.526		28.441		0		37.017		34.23		31.563		28.716		0		36.62		33.819		31.134		28.494		0		36.41		33.33		30.251		27.263		0		34.986		31.734		28.678		25.736		0		35.943		32.903		30.071		27.291

		sla-bps		32.861		17.481		10.401		6.327		0		58.031		36.183		22.252		13.416		0		93.903		58.755		36.888		23.515		0		72.148		43.924		26.216		15.393		0		402.769		243.048		140.417		80.64		0		2058.082		1155.435		628.717		378.638		0		1632.558		880.586		463.523		262.71

		tml-psnr		36.749		33.991		31.167		28.193		0		37.529		34.47		31.539		28.491		0		37.015		34.211		31.471		28.517		0		36.587		33.765		31.125		28.423		0		36.419		33.32		30.226		27.189		0		34.99		31.73		28.645		25.632		0		35.951		32.884		30.001		27.109

		tml-bps		32.923		17.699		10.684		6.42		0		58.009		36.455		22.306		13.606		0		94.536		58.622		36.944		23.725		0		72.084		44.193		26.389		15.367		0		406.017		246.613		143.439		83.747		0		2061.288		1162.71		641.931		402.467		0		1635.225		882.98		466.702		269.815

		sla-psnr		36.752		33.994		31.151		28.271		0		37.637		34.522		31.446		28.461		0		37.092		34.341		31.619		28.908		0		36.479		33.697		31.098		28.47		0		36.426		33.336		30.3		27.271		0		34.999		31.765		28.745		25.884		0		35.933		32.896		30.087		27.376

		sla-bps		48.014		26.547		16.631		11.598		0		101.559		62.916		38.69		24.025		0		179.448		107.923		66.457		41.682		0		105.132		63.314		37.649		22.546		0		603.907		351.619		197.163		112.827		0		2032.257		1133.38		605.221		357.34		0		1615.678		862.719		449.183		252.733

		tml-psnr		36.75		34.015		31.183		28.264		0		37.65		34.565		31.462		28.467		0		37.075		34.312		31.625		28.893		0		36.473		33.686		31.097		28.463		0		36.445		33.371		30.304		27.295		0		35.002		31.748		28.735		25.877		0		35.927		32.894		30.08		27.378

		tml-bps		47.548		26.36		16.885		11.528		0		101.29		62.568		38.696		24.002		0		180.586		108.929		66.634		41.799		0		105.156		63.271		37.438		22.459		0		604.421		351.53		197.117		112.541		0		2038.183		1138.715		613.459		364.767		0		1617.006		863.916		447.96		252.202






_1045899574.xls
no RDQ

		Sequence		Frames/ Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate 1		Bitrate N		Relative Saving

		container_qcif		100/10fps		20		34.301		39.811		39.489		33.225		39.26		39.025		193040		14733		49.42%

														33.229		39.538		39.199				14403

		news_qcif		100/10fps		24		31.539		36.781		37.434		30.743		36.329		37.098		159130		18621		44.51%

														30.745		36.566		37.162				18573

		foreman_qcif		100/10fps		24		31.726		38.817		39.754		30.493		37.62		37.925		99780		31544		37.66%

														30.593		37.684		37.916				31224

		silent_qcif		150/15fps		20		33.767		37.71		39.045		33.044		37.358		38.503		283350		36737		40.60%

														33.101		37.431		38.642				36938

		paris_cif		150/15fps		16		36.574		39.639		39.951		35.505		39.202		39.297		2355960		357553		36.59%

														35.546		39.222		39.343				353368

		mobile_cif		300/30fps		20		31.863		35.712		35.48		30.649		34.082		33.883		5457810		966587		44.27%

														30.679		34.19		33.968				960766

		tempete_cif		300/30fps		28		26.837		33.867		36.293		26.097		32.949		35.082		1409400		212700		48.51%

														26.359		33.169		35.258				207125





TML RDQ

		Sequence		Frames/ Frame rate		QP		PSNRY 1		PSNRU 1		PSNRV 1		PSNRY N		PSNRU N		PSNRV N		Bitrate 1		Bitrate N		Relative Saving

		container_qcif		100/10fps		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699		49.84%

														33.959		40.099		40.035				17481

		news_qcif		100/10fps		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306		43.15%

														31.526		37.203		37.732				22252

		foreman_qcif		100/10fps		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944		35.98%

														31.563		38.487		39.019				36888

		silent_qcif		150/15fps		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193		38.74%

														33.819		37.93		39.179				43924

		paris_cif		150/15fps		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017		36.08%

														36.41		39.961		40.124				402769

		mobile_cif		300/30fps		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710		43.12%

														31.734		35.044		34.843				1155435

		tempete_cif		260/30fps		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815		47.23%

														27.291		33.923		36.014				262710





tml-rdq

		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n

		e\container_qcif.yuv		100		16		37.471		41.632		41.496		36.749		41.812		41.523		284890		32923

		e\container_qcif.yuv		100		20		34.677		40.134		40.056		33.991		39.941		39.855		196840		17699

		e\container_qcif.yuv		100		24		31.535		38.476		38.042		31.167		38.146		37.918		133030		10684

		e\container_qcif.yuv		100		28		28.651		37.47		36.896		28.193		37.229		36.809		82710		6420

		quence\news_qcif.yuv		100		16		37.934		40.567		41.466		37.529		40.76		41.282		322280		58009

		quence\news_qcif.yuv		100		20		34.877		38.803		39.832		34.47		38.825		39.514		230480		36455

		quence\news_qcif.yuv		100		24		31.707		36.834		37.576		31.539		37.037		37.595		160200		22306

		quence\news_qcif.yuv		100		28		28.639		35.393		36.442		28.491		35.51		36.744		103410		13606

		nce\foreman_qcif.yuv		100		16		37.743		41.68		43.191		37.015		41.23		42.141		238620		94536

		nce\foreman_qcif.yuv		100		20		34.816		40.126		41.408		34.211		39.822		40.559		158040		58622

		nce\foreman_qcif.yuv		100		24		31.893		39.058		40.038		31.471		38.487		38.958		100790		36944

		nce\foreman_qcif.yuv		100		28		29.103		37.902		38.719		28.517		37.571		37.862		65730		23725

		ence\silent_qcif.yuv		150		16		36.785		39.655		40.884		36.587		39.592		40.731		451245		72084

		ence\silent_qcif.yuv		150		20		34.014		38.019		39.357		33.765		37.886		39.107		290520		44193

		ence\silent_qcif.yuv		150		24		31.398		36.496		38.036		31.125		36.324		37.842		178425		26389

		ence\silent_qcif.yuv		150		28		28.81		35.227		36.595		28.423		35.22		36.728		108825		15367

		quence\paris_cif.yuv		150		16		37.032		40.011		40.231		36.419		39.971		40.051		2388540		406017

		quence\paris_cif.yuv		150		20		33.857		38.064		38.396		33.32		37.859		38.076		1670775		246613

		quence\paris_cif.yuv		150		24		30.706		36.236		36.584		30.226		35.908		36.199		1163760		143439

		quence\paris_cif.yuv		150		28		27.694		34.851		35.208		27.189		34.483		34.813		744240		83747

		uence\mobile_cif.yuv		300		16		35.831		37.817		37.743		34.99		37.019		36.904		7814490		2061288

		uence\mobile_cif.yuv		300		20		32.361		35.975		35.761		31.73		34.975		34.796		5543400		1162710

		uence\mobile_cif.yuv		300		24		28.92		34.249		33.819		28.645		32.929		32.7		3894450		641931

		uence\mobile_cif.yuv		300		28		25.726		33.216		32.727		25.632		31.455		31.155		2397510		402467

		ence\tempete_cif.yuv		260		16		36.337		38.536		40.312		35.951		38.374		39.975		5470680		1635225

		ence\tempete_cif.yuv		260		20		33.077		36.71		39.033		32.884		36.578		38.467		3718230		882980

		ence\tempete_cif.yuv		260		24		29.919		35.219		37.382		30.001		34.94		36.902		2422890		466702

		ence\tempete_cif.yuv		260		28		26.987		34.194		36.675		27.109		33.755		35.837		1438530		269815





sla-rdq

		sequence		fs		qp		snry 1		snru 1		snrv 1		snry n		snru n		snrv n		bps 1		bps n		sla-saving		dB gain (sweet)		avsnr gain

		e\container_qcif.yuv		100		16		37.471		41.632		41.496		36.73		41.859		41.542		284890		32861		48.01%		0.0952		0.0701

		e\container_qcif.yuv		100		20		34.677		40.134		40.056		33.959		40.099		40.035		196840		17481		49.84%

		e\container_qcif.yuv		100		24		31.535		38.476		38.042		31.157		38.408		38.086		133030		10401		51.65%

		e\container_qcif.yuv		100		28		28.651		37.47		36.896		28.241		37.56		37.043		82710		6327		55.63%

		quence\news_qcif.yuv		100		16		37.934		40.567		41.466		37.538		40.797		41.299		322280		58031		38.14%		0.0201		0.0192

		quence\news_qcif.yuv		100		20		34.877		38.803		39.832		34.462		38.916		39.684		230480		36183		40.49%

		quence\news_qcif.yuv		100		24		31.707		36.834		37.576		31.526		37.203		37.732		160200		22252		43.15%

		quence\news_qcif.yuv		100		28		28.639		35.393		36.442		28.441		35.703		36.78		103410		13416		46.96%

		nce\foreman_qcif.yuv		100		16		37.743		41.68		43.191		37.017		41.237		42.149		238620		93903		28.57%		0.0451		0.0763

		nce\foreman_qcif.yuv		100		20		34.816		40.126		41.408		34.23		39.835		40.564		158040		58755		32.37%

		nce\foreman_qcif.yuv		100		24		31.893		39.058		40.038		31.563		38.487		39.019		100790		36888		35.98%

		nce\foreman_qcif.yuv		100		28		29.103		37.902		38.719		28.716		37.564		37.839		65730		23515		39.64%

		ence\silent_qcif.yuv		150		16		36.785		39.655		40.884		36.62		39.608		40.785		451245		72148		34.47%		0.0659		0.0588

		ence\silent_qcif.yuv		150		20		34.014		38.019		39.357		33.819		37.93		39.179		290520		43924		38.74%

		ence\silent_qcif.yuv		150		24		31.398		36.496		38.036		31.134		36.389		37.796		178425		26216		43.53%

		ence\silent_qcif.yuv		150		28		28.81		35.227		36.595		28.494		35.321		36.669		108825		15393		47.48%

		quence\paris_cif.yuv		150		16		37.032		40.011		40.231		36.41		39.961		40.124		2388540		402769		36.08%		0.1164		0.13

		quence\paris_cif.yuv		150		20		33.857		38.064		38.396		33.33		38.025		38.199		1670775		243048		38.95%

		quence\paris_cif.yuv		150		24		30.706		36.236		36.584		30.251		36.149		36.48		1163760		140417		42.25%

		quence\paris_cif.yuv		150		28		27.694		34.851		35.208		27.263		34.893		35.111		744240		80640		46.21%

		uence\mobile_cif.yuv		300		16		35.831		37.817		37.743		34.986		37.038		36.921		7814490		2058082		38.09%		0.0765		0.1153

		uence\mobile_cif.yuv		300		20		32.361		35.975		35.761		31.734		35.044		34.843		5543400		1155435		43.12%

		uence\mobile_cif.yuv		300		24		28.92		34.249		33.819		28.678		33.125		32.845		3894450		628717		46.08%

		uence\mobile_cif.yuv		300		28		25.726		33.216		32.727		25.736		31.811		31.459		2397510		378638		48.76%

		ence\tempete_cif.yuv		260		16		36.337		38.536		40.312		35.943		38.374		39.972		5470680		1632558		32.39%		0.0582		0.0846

		ence\tempete_cif.yuv		260		20		33.077		36.71		39.033		32.903		36.625		38.486		3718230		880586		38.47%

		ence\tempete_cif.yuv		260		24		29.919		35.219		37.382		30.071		35.033		37.018		2422890		463523		42.93%

		ence\tempete_cif.yuv		260		28		26.987		34.194		36.675		27.291		33.923		36.014		1438530		262710		47.23%





transpose-rdq

		sla-psnr		36.73		33.959		31.157		28.241		0		37.538		34.462		31.526		28.441		0		37.017		34.23		31.563		28.716		0		36.62		33.819		31.134		28.494		0		36.41		33.33		30.251		27.263		0		34.986		31.734		28.678		25.736		0		35.943		32.903		30.071		27.291

		sla-bps		32.861		17.481		10.401		6.327		0		58.031		36.183		22.252		13.416		0		93.903		58.755		36.888		23.515		0		72.148		43.924		26.216		15.393		0		402.769		243.048		140.417		80.64		0		2058.082		1155.435		628.717		378.638		0		1632.558		880.586		463.523		262.71

		tml-psnr		36.749		33.991		31.167		28.193		0		37.529		34.47		31.539		28.491		0		37.015		34.211		31.471		28.517		0		36.587		33.765		31.125		28.423		0		36.419		33.32		30.226		27.189		0		34.99		31.73		28.645		25.632		0		35.951		32.884		30.001		27.109

		tml-bps		32.923		17.699		10.684		6.42		0		58.009		36.455		22.306		13.606		0		94.536		58.622		36.944		23.725		0		72.084		44.193		26.389		15.367		0		406.017		246.613		143.439		83.747		0		2061.288		1162.71		641.931		402.467		0		1635.225		882.98		466.702		269.815






