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Abstract

This contribution presents a modified version of the conditional joint deblocking-debanding filter described in [3]. The modified conditional joint deblocking-debanding filter integrates comfort noise injection into its filtering process and uses predetermined small pseudo noise which is generated by applying high-band-pass filter to random values drown from uniform distribution. The addition of the small pseudo noise to the deblock-filtered image masks banding-noise. Simulation results show that the modified version significantly reduces the banding-noise with a negligible impact on video coding efficiency. It is proposed that the modified conditional joint deblocking-debanding filter is studied in TE/CE on in-loop filter for Test Model.
1  Introduction

Banding-noise is one of the signal-dependent noises which appear in high spatial resolution video coded by lossy compressions. The banding-noise is very noticeable in areas of low detail with subtle changes in color [1]. One approach for dealing with the banding-noise is to encode input video with higher sample bit-depth in order to avoid the lost of the low detail. Another approach is to mask the banding-noise with signal independent noise, as described in [2].
As the latter approach, a video coding technology based on a noise shaping mechanism and Wiener filter was presented in the last meeting [3]. The noise-shaping mechanism is comprised of a conditional joint deblocking-debanding filter and a comfort noise injection method which are designed to mask signal-dependent noise with signal-independent noise that can be easily attenuated by the Wiener filter. The Wiener filter optimally reduces the signal-independent noise in term of mean-squared-errors and prevents the subsequent pictures from motion-compensated prediction performance losses. The video coding technology thus successfully reduces the banding-noise, while keeping the overall coding efficiency.

This contribution briefly reviews the noise-shaping mechanism in [3] and presents a modified version of the conditional joint deblocking-debanding filter and its simulation results conducted according to the coding conditions described in [4].
2  Noise-shaping mechanism in [3]
The noise-shaping mechanism is comprised of a conditional joint deblocking-debanding filter and a comfort noise injection method. The conditional joint deblocking-debanding filter based on [5] applies recursive 5-tap filter to intra-coded macroblock boundaries with pseudo noise so that small dither is introduced into the filtered image. In addition, when the Internal Bit Depth Increase (IBDI) is enabled, the comfort noise injection inspired by [6] adds pseudo noise to the filtered image of INTRA_16x16 macroblocks in order to mask signal-dependent noise which may appear on the IBDI output images associated with the lost of LSBs’ information. The pseudo noise used in both schemes is drawn from uniform distribution by a Galois 16-bit linear feedback shift register.
3  Modified conditional joint deblocking-debanding filter

Since the effects of the conditional joint deblocking-debanding filter and comfort noise injection are similar, the modified conditional joint deblocking-debanding filter integrates the comfort noise injection into its filtering process. Specifically, instead of applying the recursive 5-tap filter to intra-coded macroblock boundaries with pseudo noise drawn from uniform distribution by the Galois 16-bit linear feedback shift register, the modified version adds small pseudo noise stored in LUT to deblock-filtered image of INTRA_16x16 macroblock boundaries. The small pseudo noise, whose each element takes the value of -1, 0, or 1, is generated on the basis of applying 2-tap high-band-pass filter [1 -1]/2 to random values drown from uniform distribution ranging from 0 to 1, and therefore it has a different frequency characteristic: lower frequency component is suppressed than higher frequency component. Thus the addition of the small pseudo noise introduces a masking effect of signal-dependent noise with signal-independent noise with the different frequency characteristic. Moreover, the small pseudo noise additions to 16 pixels of an INTRA_16x16 macroblock boundary can be conducted by parallel processing. 
The following subsection describes the algorithm of the modified conditional joint deblocking-debanding filter according to the notations in “8.7.2.4 Filtering process for edges for bS equal to 4” in AVC. Notice that the presented modified conditional joint deblocking-debanding filter can be integrated into TMuC [7] with minor modifications since TMuC’s strong filter uses the same filter coefficients as AVC.
3.1. Algorithm description
This process is performed on a macroblock basis in the raster scan order. For each macroblock, vertical edges are filtered first, from left to right, and then horizontal edges are filtered from top to bottom. Let denote a macroblock address in the raster scan order and the width of picture in units of macroblocks by mbAdd and PicWidthInMb, respectively. 
Given a vertical or horizontal edge of an intra-coded macroblock boundary, let denote 16 luma pixels across the edge by p7, p6, p5, p4, p3, p2, p1, p0, q0, q1, q2, q3, q4, q5, q6, and q7, and the actual boundary lies between p0 and q0, as shown in Figure 1. 
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Figure 1: Vertical and horizontal edges. Blue thick lines represent macroblock boundaries. Magenta thin dot lines represent 8x8 and 4x4 block boundaries. Magenta thick broken lines represent 4x4 block boundaries.

Firstly, the derivation process of the index offset of the pseudo noise LUT with the size of PnLUTSize is invoked, where PnLUTSiz is a power-of-two. If the row of a vertical edge K is subjected to this process, the index offset indexOffset is derived by
indexOffset = (((16 * (mbAdd % PicWidthInMb) + 256 * (mbAdd / PicWidthInMb)) & (PnLUTSize - 1))) + 16 * K.
If the column of a horizontal edge K is subjected to this process, indexOffset is derived by
indexOffset = (((256 * (mbAdd % PicWidthInMb) + 16 * (mbAdd / PicWidthInMb)) & (PnLUTSize - 1))) + 16 * K.
Next, 16 pseudo-random values nl7, nl6, nl5, nl4, nl3, nl2, nl1, nl0, nr0, nr1, nr2, nr3, nr4, nr5, nr6, and nr7 are loaded from the pseudo noise LUT as follows:
   nli, = PnLUT [(indexOffset + 7 – i ) & (PnLUTSize - 1) ]   for i = 0,..,7.

   nri, = PnLUT [(indexOffset + 8 + i ) & (PnLUTSize - 1) ]   for i = 0,..,7.

After that, three discontinuity strengths Abs( p0 – q0 ), Abs( p1 – p0 ), and Abs( q1 – q0 ) of the edge vicinities are derived. 

If any of the following conditions is true,

  - Abs( p0 – q0 ) >= α
  - Abs( p1 – p0 ) >= β
  - Abs( q1 – q0 ) >= β
then the filtering process for this edge is terminated, that is, p7, p6, p5, p4, p3, p2, p1, p0, q0, q1, q2, q3, q4, q5, q6, and q7 are output as p’7, p’6, p’5, p’4, p’3, p’2, p’1, p’0, q’0, q’1, q’2, q’3, q’4, q’5, q’6, and q’7, respectively. Note that α and β are values according to the average of neighboring two macroblocks’ QPs as in the H.264/MPEG-4 AVC standard.
Otherwise, the filtering process is performed on each side of the edge as follows.

For the right-side 8 luma pixels qi (i = 0,..,7), a threshold variable aq = Abs( q2 – q0 ) is derived first.

If any of the following conditions is true, 

  - aq is greater than or equal to β

  - Abs( p0 – q0 ) is greater than or equal to ( ( α >> 2 ) + 2 )

then q'0 is obtained by 3-tap filtering and other pixels q'i (i = 1,..,7) are obtained by just copying qi (i = 1,..,7) as follows.
   q'0 = ( 2*q1+ q0+ p1+ 2 ) >> 2 

   q'i = qi   for i = 1,..,7.

Otherwise, the q'i (i = 0,..,7) are obtained as follows.

If the right side 8 luma pixels are coded by INTRA_16x16 and Abs( q0 – q7 ) is smaller than or equal to a single level in 8-bit sample depth, then the q'i (i = 0,..,7) are derived by

   q'0 = Clip1( ( ( p1 + 2*p0 + 2*q0 + 2*q1 + q2 + 4 ) >> 3) + ( nr0  << InternalBitDepthY ) )
   q'1 = Clip1( ( ( p0 + q0 + q1 + q2 + 2 ) >> 2) + ( nr1  << InternalBitDepthY ) )
   q'2 = Clip1( ( ( p0 + q0 + q1 + 3* q2 + 2* q3 + 4 ) >> 3) + ( nr2  << InternalBitDepthY ) )
   q'i = Clip1( qi + ( nri  << InternalBitDepthY ) )   for i = 3..7.
where Clip1() is a function that crops the input into a value ranging from 0 to (1<< (BitDepthY + InternalBitDepthY ) ) – 1, where BitDepthY and InternalBitDepthY denote the bit-depth of luma component and the internal bit-depth increase of luma component, respectively. 
Otherwise, the q'i (i = 0,..,7) are derived by

   q'0 = ( p1 +2*p0 + 2*q0 + 2*q1 + q2 + 4 ) >> 3 

   q'1 = ( p0 + q0 + q1 + q2 + 2 ) >> 2
   q'2 = ( p0 + q0 + q1 + 3* q2 + 2* q3 + 4 ) >> 3
   q'i = qi   for i = 3,..,7.

For the left side 8 luma pixels, the p'i (i = 0,..,7) are obtained by a similar manner. (Substitute qi and nri with pi and nli in the above description.)

An obvious concern with this proposal is the impact on PSNR and Bitrates. The MSE increase caused by the small pseudo-noise addition is determined by the ratio of +1 and -1 values in the LUT. Since the ratio of the LUT we used in simulation is 50% and each pixel is subjected to the small pseudo-noise addition up to two times, the maximum MSE increase is only 1 (=0.5 * 1 * 2). Notice that the subsequently applied Wiener filter further attenuates the added small pseudo-noise and prevents the subsequent pictures from motion-compensated prediction performance losses. Therefore the impact of the proposal on PSNR and Bitrates is expected very small.
Another concern with this proposal would be the size of LUT. Currently, the number of pseudo-random values in the LUT is 4096. (The number is about the same as the width of 4Kx2K.) Each of pseudo-random values can be represented by 2 bits; the size of the LUT is about 1KB. It is expected that 1KB LUT is acceptable in any platform.
4  Simulation results

We evaluated the proposal according to the coding conditions described in [4]. (MDDT, High-precision filter, Wiener filter, and other KTA tools are enabled.) The attached Excel sheet (JCTVC-B056.xls) provides the results using (a) the JM11.0KTA2.6r1 software, (b) the JM11.0KTA2.6r1 with the modified conditional joint deblocking-debanding filter. For processing time comparison, a 64-bit version executable was used for encoding, and a 32-bit one was used for decoding. Both executables were generated by Microsoft Visual C++ 2005 with SP1 and run on a Windows-based computing platform (OS: Windows 7 Professional 64-bit, Spec.: Core i7 2.80GHz and Memory 12GB). Tables 1-4 show the summary of BD-PSNR, BD-Rate, delta encoding time, and delta decoding time results for each test case. 
Table 1: Results for CS1 with IBDI.
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Class A 0.000 0.032 -3.490 -3.180

Class B 0.010 -0.365 -0.980 -2.380

Class C 0.001 -0.025 -2.560 -2.230

Class D 0.004 -0.074 -0.680 -5.920

Total 0.004 -0.144 -1.653 -3.389


Table 2: Results for CS2 with IBDI.

[image: image3.emf]BD-PSNR dB BD-Rate % Delta Enc. Time % Delta Dec. Time %

Class A -0.001 0.031 -0.989 -1.713

Class B -0.003 0.011 -0.648 -2.103

Class C -0.004 0.111 -1.558 -1.928

Class D -0.001 0.090 -1.746 -2.446

Class E -0.011 0.354 -1.450 -0.348

Total -0.004 0.110 -1.266 -1.804


Table 3: Results for CS1 w/o IBDI.
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Class A 0.006 -0.161 -1.040 -1.710

Class B 0.012 -0.452 0.210 -2.280

Class C -0.007 0.166 -1.180 -1.020

Class D 0.010 -0.207 -0.950 -5.510

Total 0.006 -0.183 -0.638 -2.729


Table 4: Results for CS2 w/o IBDI.
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Class A 0.005 -0.118 -0.984 -1.978

Class B 0.009 -0.323 -0.779 -0.959

Class C -0.003 0.083 -1.257 -1.779

Class D 0.005 -0.078 -1.517 -2.612

Class E -0.022 0.565 -0.768 -0.564

Total 0.000 -0.008 -1.070 -1.556


Since the small pseudo noise is conditionally added and the Wiener filter attenuates the conditionally added pseudo- noise, the proposal impact on BD-PSNR and BD-Rate values is negligible in all test cases. And also, the difference in encoding and decoding times are minor since the number of arithmetic operations increased by the proposal is insignificant as deduced from its algorithm description.
As a typical subjective quality improvement, Kimono 144th I-frames of CS1 Anchor and Proposal encoded at the highest test-rates are shown in figures A.1-8 in Appendix. Banding-noise tends to appear on sky regions of encoded Kimono sequence because the original sky regions contain low detail with subtle changes in color. By comparing the figures, the following observations are obtained:

· Anchor without IBDI is heavily degraded by banding-noise even though its PSNR is higher than 40 dB;
· IBDI moderately reduces banding-noise;
· Proposal without IBDI shows less banding-noise compared to Anchor with IBDI;
· Proposal with IBDI shows no banding-noise.
The second and third observations indicate that the debanding performance of the modified conditional joint deblocking-debanding filter is higher than that of IBDI. Unlike IBDI, the modified conditional joint deblocking-debanding filter does not require video codec to equip with higher arithmetic processing units. The modified conditional joint deblocking-debanding filter seems to be a better coding tool than IBDI in terms of implementation cost.
The fourth observation indicates the debanding effects of the modified conditional joint deblocking-debanding filter and IBDI are additive. Their combination seems to be an exclusive solution to suppress banding-noise.
5  Conclusions

This contribution has presented a modified version of the conditional joint deblocking-debanding filter. The modified conditional joint deblocking-debanding filter integrates the comfort noise injection into its filtering process and uses small pseudo noise stored in the LUT. The addition of the small pseudo noise to the deblock-filtered image masks banding-noise. Simulation results showed that with the help of Wiener filter, the modified version has a negligible impact on video coding efficiency, while significantly reducing the banding-noise. It is recommended that the modified conditional joint deblocking-debanding filter is studied in TE/CE on in-loop filter for Test Model.
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Appendix: Representative debanding-performance comparison
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Figure A.1: Kimono1 144th frame of CS1 Anchor w/o IBDI 

(I-picture. QP=26. PSNR Y 40.910 dB. PSNR U 42.679 dB. PSNR V 43.405 dB.)
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Figure A.2: Enhanced version of Figure A.1. Banding-noise is noticeable on the sky regions, especially at the left hand side regions. 
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Figure A.3: Kimono1 144th frame of CS1 Anchor with IBDI 
(I-picture. QP=26. PSNR Y 40.937 dB. PSNR U 42.679 dB. PSNR V 43.389 dB.)

[image: image9.png]



Figure A.4: Enhanced version of Figure A.3. IBDI moderately reduces banding-noise on the sky regions. 
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Figure A.5:  Kimono1 144th frame of CS1 Proposal w/o IBDI 

(I-picture. QP=26. PSNR Y 40.876 dB. PSNR U 42.679 dB. PSNR V 43.405 dB.)
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Figure A.6: Enhanced version of Figure A.5. Compared with Figures A.2 and A.4, banding-noise on the sky regions is significantly reduced. Notice that this results is obtained without IBDI. 
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Figure A.7: Kimono1 144th frame of CS1 Proposal with IBDI 

(I-picture. QP=26. PSNR Y 40.885 dB. PSNR U 42.673 dB. PSNR V 43.382 dB.)
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Figure A.8: Enhanced version of Figure A.7. No banding-noise appears on the sky regions.
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_1340750165.xls
CS1 wo IBDI

				BD-PSNR dB		BD-Rate %		Delta Enc. Time %		Delta Dec. Time %

		Class A		0.006		-0.161		-1.040		-1.710

		Class B		0.012		-0.452		0.210		-2.280

		Class C		-0.007		0.166		-1.180		-1.020

		Class D		0.010		-0.207		-0.950		-5.510

		Total		0.006		-0.183		-0.638		-2.729
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CS1 with IBDI

				BD-PSNR dB		BD-Rate %		Delta Enc. Time %		Delta Dec. Time %

		Class A		0.000		0.032		-3.490		-3.180

		Class B		0.010		-0.365		-0.980		-2.380

		Class C		0.001		-0.025		-2.560		-2.230

		Class D		0.004		-0.074		-0.680		-5.920

		Total		0.004		-0.144		-1.653		-3.389
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CS2 wo IBDI 

				BD-PSNR dB		BD-Rate %		Delta Enc. Time %		Delta Dec. Time %

		Class A		0.005		-0.118		-0.984		-1.978

		Class B		0.009		-0.323		-0.779		-0.959

		Class C		-0.003		0.083		-1.257		-1.779

		Class D		0.005		-0.078		-1.517		-2.612

		Class E		-0.022		0.565		-0.768		-0.564

		Total		0.000		-0.008		-1.070		-1.556






_1340750158.xls
CS2 with IBDI

				BD-PSNR dB		BD-Rate %		Delta Enc. Time %		Delta Dec. Time %

		Class A		-0.001		0.031		-0.989		-1.713

		Class B		-0.003		0.011		-0.648		-2.103

		Class C		-0.004		0.111		-1.558		-1.928

		Class D		-0.001		0.090		-1.746		-2.446

		Class E		-0.011		0.354		-1.450		-0.348

		Total		-0.004		0.110		-1.266		-1.804






