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1. Introduction

This document proposes a modification to the TML loop filter in order to reduce its complexity. It is a revision of the loop filter proposed in VCEG-M20 [1].

2. Loop Filter Proposal

A loop filter may reduce the image blocking artifacts, but it also may require a significant portion of computation cycles [2] and introduce extra blurring, which should be avoided whenever possible. 

2.1 Skip mode

In VCEG-M20 [1], a “skip-mode” was proposed for block boundaries between inter-coded blocks. The method has been revised as the following.

Assume block j and block k are two inter-coded neighboring 4(4 blocks; R(j) and R(k) represent the reference frames for blocks j and k, respectively; V(j, x) and V(j, y) are the horizontal and vertical motion vectors for block j; V(k, x) and V(k, y) are the horizontal and vertical motion vectors for block k; and c(j) and c(k) are number of coefficients coded for blocks j and k, respectively.

If all the following conditions are satisfied,

R(j) = R(k) 

| V(j, x) - V(k, x) | < 1 pixel

| V(j, y) - V(k, y) | < 1 pixel

c(j) = c(k) = 0

then, the filtering process for the block boundary between blocks j and k should be skipped.

2.2 Boundary strength

We propose the boundary strength, Bs, as a parameter to control the filtering process of all the block boundaries, instead of the Block Strength used in the current loop filter. This boundary strength parameter can also incorporate the skip mode nicely.

If either one of the two 4(4 blocks across the boundary is intra coded, then

Bs = 3;

else, assuming block j and block k are inter-coded 4(4 blocks on the two sides of a block boundary, If c(j) >0 or c(k) > 0, then

Bs = 2;

else, if R(j) ( R(k) or | V(j, x) - V(k, x) | ( 1 pixel or | V(j, y) - V(k, y) | ( 1 pixel, then

Bs = 1;

Else, the block boundary is in skip mode, the boundary strength, 

Bs = 0.

The procedure for determining boundary strength, Bs, for the block boundary between two neighboring blocks j and k is illustrated in Figure 1.
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Figure 1. Flow chat for determining boundary strength, Bs, for the block boundary between two neighboring blocks j and k.

The value of boundary strength, Bs, for a specific block boundary is determined solely by characteristics of the two 4(4 blocks across the boundary. Therefore, the control of the filtering process for each individual block boundary is well localized. A block boundary is filtered only when it is necessary; and unneeded computation and blurring artifacts can be effectively avoided.

Because less block boundaries are to be filtered, compared to the Block Strength defined in the current TML [3], the proposed boundary strength approach is expected to give significant savings in computation.

Using boundary strength as control parameter has another advantage over the current block strength parameter. Many of us have noticed that the Block Strength is not quite friendly to MB-based loop filtering process, which has been proposed in VCEG-M48 [4]. For boundary strength, since the decision is localized, MB-based loop filtering process can be easily defined and implemented.

2.3 Filter function

In this proposal, we have adopted the filter function designed by the loop filter ad-hoc group [5] formed in the Austin meeting. All the Strength parameters in that filter have been replaced by the newly defined boundary strength. The table Clip(QP, strength) in the current TML document [3] is adopted.

Table 1. Definition of the table Clip(QP,strength) [3]

QP         0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 29 30 31

Clip(qp,1) 0 0 0 0 0 0 0 0 0 0  0  0  0  1  1  1  1  1  1  1  1  1  1  1  2  2  2  2  2  3  3

Clip(qp,2) 0 0 0 0 0 0 0 0 0 0  1  1  1  1  1  1  1  1  1  1  2  2  2  2  3  3  3  3  4  5  5

Clip(qp,3) 0 0 0 0 0 0 0 0 1 1  1  1  1  1  1  1  2  2  2  2  3  3  3  4  4  5  5  5  7  8  9

3. Experiments

Experiments are conducted following the “Simulation Conditions” specified in VCEG-M75 [6]. The proposed loop-filtering scheme is integrated into the TML-8 software to compare against the TML-8 codec [3]. The motion search range is set to 16. The RD optimization option is set on for the mode selection.

Table 2. Performance of the proposed loop-filtering scheme in TML-8
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Table 2 shows the performance of the proposed loop-filtering scheme. Using the proposed method, we achieved computational saving of roughly 25% of the loop filter operations. The value for the computational saving derived from number of computation cycles is quite consistent with the value based on the number of calls to the deblocking filter function (i.e., loop() in the TML software). Average PSNR and bitrate differences [7] are also provided in Table 1. The experiments showed no significant difference in bit rate or PSNR.

Decoded video sequences will be provided in the meeting for subjective evaluation. The side-by-side comparison is prepared following the “Simulation Conditions.” There has been no significant visual difference observed in our evaluation. 

RD curves for all the testing sequences are shown in the Appendix. Detailed experimental results are available in VCEG-N17.xls.

As a comment, since each filter coefficient takes at most 5 bits, it will be more efficient if SIMD operations are used for the computation. 

4. Summary

We have demonstrated the advantages of the proposed loop filtering technique with the skip mode and boundary strength. This approach significantly reduces the computation requirements, which is critical for real-time implementation of decoding devices. The method showed no degradation in PSNR and visual quality. Therefore, we recommend VCEG to adopt the proposal into the new TML.

Legal statement

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

References

[1] Shijun Sun and Shawmin Lei, “Loop Filter with Skip Mode,” document VCEG-M20, ITU-T Video Coding Experts Group (VCEG) Meeting, Austin, TX, USA, 2-4 April 2001.

[2] Antti Hallapuro and Marta Karczewicz, “Complexity Analysis of H.26L,” document VCEG-M50, ITU-T Video Coding Experts Group (VCEG) Meeting, Austin, TX, USA, 2-4 April 2001. 

[3] Gisle Bjontegaard, "H.26L Test Model Long Term Number 8 (TML-8) draft0," document VCEG-Nxx, ITU-T Video Coding Experts Group (VCEG) Meeting, 28 June 2001.

[4] Peter List, “Proposal for a Simplification of the H.26L Loop Filter,” document VCEG-M48, ITU-T Video Coding Experts Group (VCEG) Meeting, Austin, TX, USA, 2-4 April 2001. 

[5] Peter List, “AHG Report: H.26L Loop Filtering,” document VCEG-N08, ITU-T Video Coding Experts Group (VCEG) Meeting, 4-7 September 2001.

[6] Gisle Bjontegaard, “Recommended Simulation Conditions for H.26L,” document VCEG-M75, ITU-T Video Coding Experts Group (VCEG) Meeting, Austin, TX, USA, 2-4 April 2001. 

[7] Gisle Bjontegaard, "Calculation of average PSNR differences between RD curves," document VCEG-M33, ITU-T Video Coding Experts Group (VCEG) Meeting, Austin, TX, USA, 2-4 April 2001.

Appendix. R-D curves
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		foreman_qcif.yuv		100		24		31.883		38.468		39.119		31.082		37.472		37.492		29990		272611186		570704

		foreman_qcif.yuv		100		28		29.126		37.597		38.044		28.418		36.569		36.451		18798		251446826		487504

		foreman_qcif.yuv		100		31		27.031		37.503		37.43		26.171		36.2		35.889		12400		234151785		430332

		silent_qcif.yuv		150		16		36.393		38.57		39.469		35.953		38.151		39.034		60718		322626020		602364

		silent_qcif.yuv		150		20		33.733		36.556		37.855		33.254		36.422		37.843		37048		299373938		478456

		silent_qcif.yuv		150		24		31.164		34.833		37.134		30.686		34.744		36.94		21860		272904387		383356

		silent_qcif.yuv		150		28		28.612		34.287		36.334		28.165		34.095		36.106		12372		254386047		310960

		silent_qcif.yuv		150		31		26.786		33.794		36.171		26.009		33.629		35.745		7348		230734323		241748

		paris_cif.yuv		150		16		36.773		39.233		39.182		35.602		38.292		38.261		339638		1327481351		2489100

		paris_cif.yuv		150		20		33.75		36.88		37.069		32.684		36.198		36.543		201028		1212095650		1942888

		paris_cif.yuv		150		24		30.716		35.019		35.192		29.814		34.473		34.821		113957		1089042894		1472840

		paris_cif.yuv		150		28		27.662		33.788		33.931		26.895		33.009		33.467		62054		989254314		1101740

		paris_cif.yuv		150		31		25.365		33.147		33.632		24.484		32.286		32.881		36653		911681433		836732

		mobile_cif.yuv		300		16		35.532		37.363		37.179		34.082		35.136		35.031		1635148		4353729956		12253840

		mobile_cif.yuv		300		20		32.109		35.33		35.068		30.913		33.078		32.916		834044		3560980131		8225992

		mobile_cif.yuv		300		24		28.715		33.331		32.976		28.021		31.233		30.986		420779		2876602164		5387212

		mobile_cif.yuv		300		28		25.539		32.215		31.916		25.165		30.036		29.697		237385		2359775458		3586076

		mobile_cif.yuv		300		31		23.318		31.456		31.218		22.787		29.26		28.867		161448		2068969941		2582344

		tempete_cif.yuv		260		16		35.997		37.549		39.536		35.067		36.517		38.389		1242515		3675114425		9636228

		tempete_cif.yuv		260		20		32.887		35.717		37.995		32.139		35.029		37.118		621378		3107528500		6621792

		tempete_cif.yuv		260		24		29.698		34.229		36.447		29.478		33.588		35.842		312571		2470644007		4515436

		tempete_cif.yuv		260		28		26.833		33.326		35.598		26.725		32.512		34.851		169433		2064897939		3092440

		tempete_cif.yuv		260		31		24.779		32.815		35.152		24.292		31.64		34.121		101736		1816416074		2258816





tml8

		container_qcif.yuv		100		16		37.364		40.725		40.614		36.103		40.431		40.067		25374		231567761		373440

		container_qcif.yuv		100		20		34.723		38.71		38.67		33.56		38.615		38.459		14440		202689396		250272

		container_qcif.yuv		100		24		31.617		37.177		36.451		30.807		37.344		36.729		8848		180025407		181936

		container_qcif.yuv		100		28		28.743		36.443		35.406		27.918		36.384		35.622		5397		161196411		115688

		container_qcif.yuv		100		31		26.569		36.258		34.577		25.642		36.253		34.94		3572		152360703		85420

		news_qcif.yuv		100		16		37.654		39.447		40.188		36.842		39.155		39.519		48344		262587746		474984

		news_qcif.yuv		100		20		34.623		37.779		38.373		33.934		37.475		38.135		30018		245799426		392956

		news_qcif.yuv		100		24		31.504		36.094		36.597		31.054		35.926		36.792		18428		227930799		335856

		news_qcif.yuv		100		28		28.474		34.33		35.354		28.094		34.647		35.774		10943		216372909		294096

		news_qcif.yuv		100		31		26.518		34.159		34.741		25.816		34.339		35.212		6995		203262020		254180

		foreman_qcif.yuv		100		16		37.339		41.007		42.23		36.132		39.983		40.651		75697		446744565		1107896

		foreman_qcif.yuv		100		20		34.747		39.585		40.829		33.531		38.676		39.02		47340		422760181		981036

		foreman_qcif.yuv		100		24		31.951		38.475		39.128		31.05		37.449		37.47		29954		392109056		872824

		foreman_qcif.yuv		100		28		29.126		37.525		38.089		28.369		36.511		36.451		18929		372795109		794408

		foreman_qcif.yuv		100		31		27.047		37.414		37.517		26.124		36.15		35.783		12415		350607897		734920

		silent_qcif.yuv		150		16		36.395		38.515		39.451		35.951		38.128		39.149		60775		398440691		706808

		silent_qcif.yuv		150		20		33.792		36.64		37.929		33.245		36.478		37.887		37006		377881504		603800

		silent_qcif.yuv		150		24		31.241		34.938		37.215		30.723		34.868		36.985		21861		353128619		528636

		silent_qcif.yuv		150		28		28.639		34.338		36.359		28.161		34.215		36.171		12348		333074302		463936

		silent_qcif.yuv		150		31		26.827		33.841		36.206		26.048		33.726		35.812		7382		309326255		382064

		paris_cif.yuv		150		16		36.788		39.162		39.125		35.603		38.227		38.189		339456		1671748850		3084292

		paris_cif.yuv		150		20		33.797		36.965		37.167		32.689		36.21		36.482		200110		1557662271		2580244

		paris_cif.yuv		150		24		30.746		35.14		35.359		29.815		34.582		34.818		113863		1435462968		2122628

		paris_cif.yuv		150		28		27.662		33.888		34.04		26.896		33.155		33.515		61906		1324587046		1744080

		paris_cif.yuv		150		31		25.364		33.254		33.781		24.48		32.315		32.996		36783		1234039355		1466664

		mobile_cif.yuv		300		16		35.543		37.358		37.18		34.074		35.139		35.049		1641592		5828622603		16006324

		mobile_cif.yuv		300		20		32.13		35.406		35.118		30.884		32.989		32.867		845177		5218002397		12524180

		mobile_cif.yuv		300		24		28.739		33.431		33.05		28.003		31.047		30.857		429438		4401835658		9350516

		mobile_cif.yuv		300		28		25.553		32.296		31.971		25.164		29.791		29.48		244845		3698979798		6886808

		mobile_cif.yuv		300		31		23.326		31.577		31.361		22.822		29.013		28.651		167663		3314025785		5565640

		tempete_cif.yuv		260		16		36.001		37.534		39.51		35.04		36.537		38.434		1245657		4567587477		11393492

		tempete_cif.yuv		260		20		32.901		35.791		38.012		32.11		35.029		37.088		623998		3794760383		8105596

		tempete_cif.yuv		260		24		29.735		34.302		36.486		29.455		33.554		35.686		314723		3108882786		5640232

		tempete_cif.yuv		260		28		26.85		33.369		35.635		26.711		32.455		34.671		170820		2702215452		4262580

		tempete_cif.yuv		260		31		24.801		32.913		35.222		24.31		31.566		33.983		102119		2532413083		3741352





ratio

		container_qcif.yuv		100		16		18.59%		14.86%		0.13%		-0.008

		container_qcif.yuv		100		20		17.48%		10.77%

		container_qcif.yuv		100		24		16.98%		12.80%

		container_qcif.yuv		100		28		18.58%		16.94%

		container_qcif.yuv		100		31		18.59%		28.48%

		news_qcif.yuv		100		16		21.14%		19.44%		0.10%		-0.005

		news_qcif.yuv		100		20		22.34%		23.78%

		news_qcif.yuv		100		24		23.72%		27.63%

		news_qcif.yuv		100		28		24.34%		33.72%

		news_qcif.yuv		100		31		25.41%		38.54%

		foreman_qcif.yuv		100		16		25.34%		25.33%		0.52%		-0.030

		foreman_qcif.yuv		100		20		28.92%		31.12%

		foreman_qcif.yuv		100		24		30.48%		34.61%

		foreman_qcif.yuv		100		28		32.55%		38.63%

		foreman_qcif.yuv		100		31		33.22%		41.45%

		silent_qcif.yuv		150		16		19.03%		14.78%		-0.25%		-0.014

		silent_qcif.yuv		150		20		20.78%		20.76%

		silent_qcif.yuv		150		24		22.72%		27.48%

		silent_qcif.yuv		150		28		23.62%		32.97%

		silent_qcif.yuv		150		31		25.41%		36.73%

		paris_cif.yuv		150		16		20.59%		19.30%		-0.29%		-0.014

		paris_cif.yuv		150		20		22.18%		24.70%

		paris_cif.yuv		150		24		24.13%		30.61%

		paris_cif.yuv		150		28		25.32%		36.83%

		paris_cif.yuv		150		31		26.12%		42.95%

		mobile_cif.yuv		300		16		25.30%		23.44%		2.12%		0.096

		mobile_cif.yuv		300		20		31.76%		34.32%

		mobile_cif.yuv		300		24		34.65%		42.39%

		mobile_cif.yuv		300		28		36.20%		47.93%

		mobile_cif.yuv		300		31		37.57%		53.60%

		tempete_cif.yuv		260		16		19.54%		15.42%		1.15%		0.048

		tempete_cif.yuv		260		20		18.11%		18.31%

		tempete_cif.yuv		260		24		20.53%		19.94%

		tempete_cif.yuv		260		28		23.58%		27.45%

		tempete_cif.yuv		260		31		28.27%		39.63%

		average						24.66%		28.79%		0.50%		0.010

								loop cycle saving		loop call saving		bitsaving		dB gain





ratio-2

		sequence		QP		relative computational saving (by cycles)		relative computational saving (by loop() calls)		average bitsaving (avsnr)		average dB gain (avsnr)

		container_qcif		16		18.59%		14.86%		0.13%		-0.008

				20		17.48%		10.77%

				24		16.98%		12.80%

				28		18.58%		16.94%

		news_qcif		16		21.14%		19.44%		0.10%		-0.005

				20		22.34%		23.78%

				24		23.72%		27.63%

				28		24.34%		33.72%

		foreman_qcif		16		25.34%		25.33%		0.52%		-0.030

				20		28.92%		31.12%

				24		30.48%		34.61%

				28		32.55%		38.63%

		silent_qcif		16		19.03%		14.78%		-0.25%		-0.014

				20		20.78%		20.76%

				24		22.72%		27.48%

				28		23.62%		32.97%

		paris_cif		16		20.59%		19.30%		-0.29%		-0.014

				20		22.18%		24.70%

				24		24.13%		30.61%

				28		25.32%		36.83%

		mobile_cif		16		25.30%		23.44%		2.12%		0.096

				20		31.76%		34.32%

				24		34.65%		42.39%

				28		36.20%		47.93%

		tempete_cif		16		19.54%		15.42%		1.15%		0.048

				20		18.11%		18.31%

				24		20.53%		19.94%

				28		23.58%		27.45%

		average				23.87%		25.94%		0.50%		0.010






