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Summary
In this document, we propose a modification of deblocking filter for improvement of coding efficiency of H.264. The proposed deblocking filter is applied to only 4x4 block boundary and we employ only one fixed 4-tap filter. We found that the proposed deblocking filter can achieve additional coding gain of 2.34 % and 1.44 % in BD-bitrate for 720p sequences with the 2D non-separable adaptive interpolation filter (2D-NS AIF) for baseline profiles IPPP and high profiles IPPP, respectively. For all intra-frame coding, we achieve 4.88 % coding gain in BD-bitrate for 720p sequences with the proposed deblocking for baseline profile. For high profile, 3.17 % bitrate reduction for 720p sequences is achieved with the proposed deblocking filter for all intra-frame coding. 
Modification of Deblocking Filter
Deblocking filter was employed to improve not only subjective quality but also objective quality in the H.264/AVC. For subjective quality, the deblocking filter alleviates blocky artefact across 4x4, 8x8 or 16x16 block boundaries. In addition, the filtered reconstructed image is used for coding the next frame by interpolating. In interpolation of half-pel and quater-pel, the interpolation performance is improved by removing blocky artefact, resulting that we can achieve additional objective quality enhancement. However, nowdays, we are trying to develop a new video codec for high-resolution and high-quality applications. For high-quality applications, blocking artefact could be weaker with smaller QP values. Furthermore, the KTA codec employs the adaptive interpolation filter and too strong filtering could deteriorate its performance. In this contribution, we present a simple deblocking filter and show that the deblocking filter can improve coding efficiency with the 2D-NS AIF filter. Additionally, we found that coding efficiency for all intra-frame coding is improved.    
For the current H.264 deblocking filter, the boundary strength (BS) is determined and then, we need to determine whether filtering is applied or not based on a threshold. The threshold also depends on QP and BS. The flowchart for the deblocking filter can be depicted as below.
[image: image1.png]Horizontal
boundary

Vertical
boundary





[image: image2.png]L A0=Min(Max(-c0, A0, c0)
BS Decision Ap1=Min(Max(-c1, Apli), 1)
in(Max(-c1, Aqli), ¢1)
(@0-p0)<<2+(pl-q1)+4)>>3
m - I ApLI=(pZH(pO+q0+1)>>1)-2p1)>>1
Fiteng [0 AqUi=(qZH(p0+q0+1)>>1)-2q1)>>1
1+(|p2-p0|<B)+(2-q0|<B)

ipTable|QP, BS]

No W Yes

T2 aE—es No——<Tg2— abl <F>
Ves ‘ No

+ Yes D
Pp0'=(2p1+p0+ql+2)>>2 q0'=q0-A0
0—Qq1+q0p1$2)52 li=plidpl r@»
ql'=ql+Agl N°
= Ves
No—No- No—<THEa0 < T3> pﬂ—v;phpﬂ*q”;\»;
—Cal 112
o v e lav-catiavipi-
l | [ ,mx,.z.,m,.oﬂ.w,»x
DU pTpOra0i2o2
[ PIp0T12)>>2 PZ-EPIIL P LIO=3 | | p0-(p2+2p1 2001 2q0 a1 453
a0=qi-s0 p0=plep0ral2>>2 212142001200 p144)>>3 AV-(242q14240 200 1p1 4423
abeqriaq) 40=@a1+q0+p1 222 2eqLiq0+p0i2)>>2 P2 2p142p0+2q0q1+4553 | | qi'=(q2 rqlrq01p0+2yo2
33024104 p0+>>3 | | qU—CaltqOipti2>2 Q=2q3 32 a0 p0 3





In this contribution, we simplified the current deblocking filter as below. 
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We applied a filtering operation into p0, and q0 pixels adjacent to 4x4 boundaries. We used only a fixed 4-tap filter of which coefficients are {1/8, -1/2, 1/2, -1/8}. The comparison between the current deblocking and proposed deblocking filters is shown in the table.
[image: image4.emf]Current de-blocking filter Proposed de-blocking filter

BS type

0, 1, 2, 3, 4 0, 1, 2, 3, 4

BS = 0

No filtering No filtering

BS = 1

(p0,q0),    Clipping,        {1/8, -1/2, 1/2, -1/8}

(p0,q0), Clipping,  {1/8, -1/2, 1/2, -1/8} (p1),      Clipping,        {1/2, -1, 1/4, 1/4}

(q1),      Clipping,        {1/4, 1/4, -1, 1/2}

BS = 2

(p0,q0),    Clipping,        {1/8, -1/2, 1/2, -1/8}

(p0,q0), Clipping,  {1/8, -1/2, 1/2, -1/8} (p1),      Clipping,        {1/2, -1, 1/4, 1/4}

(q1),      Clipping,        {1/4, 1/4, -1, 1/2}

BS = 3

(p0,q0),    Clipping,        {1/8, -1/2, 1/2, -1/8}

(p0,q0), Clipping,  {1/8, -1/2, 1/2, -1/8} (p1),      Clipping,        {1/2, -1, 1/4, 1/4}

(q1),      Clipping,        {1/4, 1/4, -1, 1/2}

BS = 4

(p0, q0),  No Clipping,    {1/8, 1/4, 1/4, 1/4, 1/8}

(p0,q0), Clipping,  {1/8, -1/2, 1/2, -1/8}

(p0),    No Clipping,    {2/4, 1/4, 1/4}

(q0),    No Clipping,    {1/4, 1/4, 2/4}

(p1, q1),  No Clipping,    {1/4, 1/4, 1/4, 1/4}

(p2),    No Clipping,    {2/8, 3/8, 1/8, 1/8, 1/8}

(q2),    No Clipping,    {1/8, 1/8, 1/8, 3/8, 2/8}


Experimental results
We tested the proposed algorithm on the KTA software version 1.8. And, we conducted simulation for all the test sequences based on the recommended common conditions. We tested the deblocking filter with the encoder configuration listed in Table 1.

Table 1 Simulation configurations
	Profile and
Coding structure
	Baseline : I only, IPPP

High profile : I only, IPPP, IBBP, IbBbBbBP

	Test scenarios
	1. JM ( JM + Proposed (P)

2. JM + AIF ( JM + AIF + P
3. JM + AIF + AQMS ( JM + AIF +AQMS + P
4. JM + AIF + RDOQ ( JM + AIF +RDO_Q + P
5. JM + AIF + LoopFilterOffset (LFO) Best ( JM + AIF + LFO(Best) + P 


The simulation results in BD_Bitrate and BD_PSNR measurements are shown in Table 2 ~ 6.
Table 2 Simulation results for "JM ( JM + P" scenario
[image: image5.emf]BD metrics BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate

Container.qcif

0.068 -0.894 -0.046 0.894 0.049 -0.665 -0.063 1.403 0.009 -0.136 0.017 -0.315

Foreman.qcif

0.084 -1.139 -0.072 1.455 0.047 -0.69 -0.09 1.849 -0.033 0.7 0.001 0.011

Silent.qcif

0.171 -2.377 0.085 -1.555 0.079 -1.185 0.003 -0.087 0.069 -1.26 0.105 -1.885

Average of QCIF

0.108 -1.47 -0.011 0.265 0.058 -0.847 -0.05 1.055 0.015 -0.232 0.041 -0.73

Paris.cif

0.037 -0.391 -0.03 0.58 0.018 -0.199 -0.046 0.828 -0.051 0.935 -0.002 0.037

Foreman.cif

0.13 -2.051 -0.031 0.755 0.066 -1.136 -0.044 1.043 -0.026 0.617 0.032 -0.715

Mobile.cif

0.044 -0.382 -0.023 0.474 0.03 -0.273 -0.031 0.635 -0.022 0.47 -0.003 0.082

Tempete.cif

0.053 -0.582 0.011 -0.22 0.023 -0.267 0.024 -0.463 0.003 -0.034 0.018 -0.437

Average of CIF

0.066 -0.852 -0.019 0.397 0.034 -0.469 -0.024 0.511 -0.024 0.497 0.011 -0.258

BigShips_720p

0.267 -4.834 -0.024 0.86 0.154 -3.16 -0.037 1.293 -0.02 0.745 0.059 -2.318

City_corr_720p

0.242 -3.314 0.003 -0.042 0.142 -2.073 -0.003 0.187 -0.019 0.483 0.019 -0.716

Crew_720p

0.26 -6.276 0.011 -0.461 0.167 -4.477 0 -0.131 0.007 -0.333 0.045 -1.842

Night_720p

0.189 -2.63 -0.063 1.716 0.116 -1.714 -0.051 1.418 -0.038 1.106 -0.001 0.01

ShuttleStart_720p

0.3 -7.354 0.001 -0.126 0.16 -4.444 -0.02 0.626 -0.004 -0.104 0.053 -2.195

Average of HD

0.252 -4.882 -0.014 0.39 0.148 -3.174 -0.022 0.679 -0.015 0.38 0.035 -1.412

Rolling_tomatoes_1080p

0.04 -1.881 -0.11 3.804 0.001 0.215 -0.075 4.071 -0.067 3.217 -0.076 3.599

Average of All

0.145 -2.623 -0.022 0.626 0.081 -1.544 -0.033 0.975 -0.015 0.493 0.021 -0.514

Baseline I_Only Baseline IPPP High profile I_Only High profile IPPP High profile IBBP High profile IbBbBbBP


As shown in table, we found that additional coding gain of 2.62 % and 1.54 % in average BD-bitrate of all sequences is achieved for baseline profile I only and high profile I only, respectively. But, in other cases, the performance of the proposed alsogirhm is with a margin, compared with the H.264/AVC without AIF filter.
Table 3 Simulation results for "JM + AIF ( JM + AIF + P" scenario
[image: image6.emf]BD metrics BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate

Container.qcif

0.068 -0.894 -0.065 1.377 0.049 -0.665 -0.039 0.765 0.022 -0.484 0.014 -0.414

Foreman.qcif

0.084 -1.139 -0.029 0.589 0.047 -0.69 -0.046 0.94 -0.034 0.698 0.014 -0.263

Silent.qcif

0.171 -2.377 0.092 -1.662 0.079 -1.185 0.022 -0.45 0.068 -1.211 0.094 -1.723

Average of QCIF

0.108 -1.47 0 0.101 0.058 -0.847 -0.021 0.418 0.019 -0.332 0.041 -0.8

Paris.cif

0.037 -0.391 -0.029 0.517 0.018 -0.199 -0.042 0.746 -0.023 0.419 0.005 -0.079

Foreman.cif

0.13 -2.051 0.007 -0.17 0.066 -1.136 -0.009 0.222 -0.008 0.175 0.019 -0.419

Mobile.cif

0.044 -0.382 -0.034 0.683 0.03 -0.273 -0.036 0.716 -0.027 0.566 -0.009 0.197

Tempete.cif

0.053 -0.582 0.035 -0.712 0.023 -0.267 0.026 -0.522 0.008 -0.167 0.017 -0.429

Average of CIF

0.066 -0.852 -0.005 0.08 0.034 -0.469 -0.015 0.291 -0.012 0.248 0.008 -0.183

BigShips_720p

0.267 -4.834 0.056 -1.933 0.154 -3.16 0.027 -0.964 0.025 -0.944 0.066 -2.571

City_corr_720p

0.242 -3.314 0.059 -1.916 0.142 -2.073 0.033 -1.034 0.013 -0.385 0.035 -1.332

Crew_720p

0.26 -6.276 0.066 -2.359 0.167 -4.477 0.042 -1.596 0.033 -1.347 0.048 -1.595

Night_720p

0.189 -2.63 0.007 -0.167 0.116 -1.714 -0.009 0.248 -0.019 0.56 0.005 -0.158

ShuttleStart_720p

0.3 -7.354 0.153 -5.328 0.16 -4.444 0.113 -3.864 0.075 -2.854 0.117 -4.262

Average of HD

0.252 -4.882 0.068 -2.341 0.148 -3.174 0.041 -1.442 0.025 -0.994 0.054 -1.984

Rolling_tomatoes_1080p

0.04 -1.881 -0.063 1.696 0.001 0.215 -0.053 2.317 -0.054 2.411 -0.075 3.293

Average of All

0.145 -2.623 0.02 -0.722 0.081 -1.544 0.002 -0.19 0.006 -0.197 0.027 -0.75

Baseline I_Only Baseline IPPP High profile I_Only High profile IPPP High profile IBBP High profile IbBbBbBP


As shown in table, the proposed deblocking filter is effective in all case with the 2D-NS AIF. Especially, coding gain of the proposed deblocking filter in BD-bitrate is high for 720p sequences. 
Table 4 Simulation results for "JM + AIF + AQMS ( JM + AIF + AQMS + P" scenario
[image: image7.emf]BD metrics BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate

Container.qcif 0.065 -0.854 -0.028 0.782 0.042 -0.588 -0.089 2.131 0.006 -0.219 0.047 -1.049

Foreman.qcif 0.084 -1.14 -0.013 0.297 0.052 -0.758 -0.059 1.217 -0.014 0.288 0.003 -0.066

Silent.qcif 0.169 -2.343 0.091 -1.586 0.08 -1.195 0.064 -1.114 0.064 -1.223 0.079 -1.436

Average of QCIF 0.106 -1.446 0.017 -0.169 0.058 -0.847 -0.028 0.745 0.019 -0.384 0.043 -0.85

Paris.cif 0.029 -0.305 -0.021 0.406 0.011 -0.121 -0.058 1.048 -0.031 0.558 -0.018 0.329

Foreman.cif 0.126 -1.986 0.007 -0.168 0.062 -1.056 -0.009 0.189 -0.011 0.264 0.008 -0.144

Mobile.cif 0.042 -0.356 -0.026 0.529 0.028 -0.259 -0.036 0.732 -0.025 0.524 -0.018 0.414

Tempete.cif 0.047 -0.511 0.036 -0.76 0.019 -0.211 0.033 -0.683 0.014 -0.35 0.021 -0.498

Average of CIF 0.061 -0.79 -0.001 0.002 0.03 -0.412 -0.017 0.321 -0.013 0.249 -0.002 0.025

BigShips_720p 0.263 -4.764 0.061 -2.092 0.153 -3.118 0.031 -1.076 0.03 -1.141 0.082 -3.232

City_corr_720p 0.238 -3.249 0.063 -2.011 0.139 -2.019 0.026 -0.804 0.008 -0.145 0.015 -0.614

Crew_720p 0.258 -6.235 0.06 -2.141 0.17 -4.57 0.038 -1.434 0.029 -1.228 0.04 -1.543

Night_720p 0.187 -2.591 0.017 -0.43 0.114 -1.681 -0.008 0.209 -0.013 0.384 0.011 -0.393

ShuttleStart_720p 0.302 -7.481 0.171 -5.879 0.161 -4.529 0.106 -3.854 0.088 -3.428 0.116 -3.974

Average of HD 0.25 -4.864 0.074 -2.511 0.147 -3.184 0.039 -1.392 0.028 -1.112 0.053 -1.951

Rolling_tomatoes_1080p 0.042 -1.924 -0.067 2.566 0.001 0.099 -0.073 3.52 -0.07 3.093 -0.062 2.813

Average of All

0.142 -2.595 0.027 -0.807 0.079 -1.539 -0.003 0.006 0.006 -0.202 0.025 -0.723

High profile IPPP High profile IBBP High profile IbBbBbBP Baseline I_Only Baseline IPPP High profile I_Only


As shown in table, we found that the experimental results are similar to the results that are shown in table 3.
Table 5 Simulation results for "JM + AIF + RDO_Q ( JM + AIF + RDO_Q + P" scenario
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0.07 -0.926 -0.06 1.282 -0.035 0.813 -0.041 0.997

0.076 -1.106 -0.068 1.382 -0.033 0.692 -0.034 0.67

0.084 -1.252 0.01 -0.124 0.024 -0.392 0.033 -0.58

0.077 -1.095 -0.039 0.847 -0.015 0.371 -0.014 0.363

0.037 -0.422 -0.061 1.055 -0.042 0.757 -0.038 0.689

0.091 -1.548 -0.036 0.852 -0.024 0.538 -0.009 0.166

0.048 -0.436 -0.03 0.618 -0.013 0.315 -0.013 0.28

0.041 -0.474 0.032 -0.623 0.003 -0.061 0.005 -0.102

0.054 -0.72 -0.024 0.476 -0.019 0.388 -0.013 0.258

0.17 -3.45 0.014 -0.475 0.006 -0.227 0.03 -1.226

0.152 -2.191 0.011 -0.225 0.003 -0.353 0.029 -0.952

0.154 -4.041 0.027 -1.069 0.022 -0.671 0.029 -1.156

0.137 -2.016 0.001 -0.015 -0.01 0.281 -0.006 0.14

0.165 -4.66 0.072 -2.814 0.067 -2.556 0.063 -2.503

0.156 -3.272 0.025 -0.92 0.018 -0.705 0.029 -1.139

0.029 -1.251 -0.062 3.454 -0.077 3.475 -0.079 4.083

0.096 -1.829 -0.012 0.254 -0.008 0.201 -0.002 0.039

Average of HD

Rolling_tomatoes_1080p

Average of All

BigShips_720p

City_corr_720p

Crew_720p

Night_720p

ShuttleStart_720p

Paris.cif

Foreman.cif

Mobile.cif

Tempete.cif

Average of CIF

BD metrics

Container.qcif

Foreman.qcif

Silent.qcif

Average of QCIF



High profile I_Only High profile IPPP High profile IBBP High profile IbBbBbBP


As shown in table, the coding gain of the proposed deblocking filter is not significant with the RDO_Q. However, we achieved small coding gain for the 720p sequences. 
Table 6 Simulation results for "JM + AIF + LFO(Best) ( JM + AIF + LFO(Best) + P" scenario
[image: image9.emf]reference proposed reference proposed reference proposed reference proposed reference proposed reference proposed

Best offset (α, β) -2 3 -1 2 -1 2 -1 0 0 2 -1 1

BD metrics BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate BD_PSNR BD_Bitrate

Container.qcif -0.002 0.041 -0.029 0.577 0.049 -0.621 -0.033 0.587 -0.067 1.457 -0.011 0.142

Foreman.qcif 0.008 -0.105 0.015 -0.295 0.124 -1.777 -0.031 0.634 0.005 -0.085 0.02 -0.397

Silent.qcif -0.003 0.072 0.088 -1.505 0.122 -1.788 0.014 -0.309 0.084 -1.496 0.068 -1.241

Average of QCIF 0.001 0.002 0.025 -0.408 0.098 -1.395 -0.017 0.304 0.007 -0.041 0.026 -0.499

Paris.cif 0.026 -0.287 -0.001 0.027 0.091 -0.992 -0.033 0.579 -0.007 0.138 -0.015 0.268

Foreman.cif 0.155 -2.072 0.014 -0.292 0.1 -1.688 -0.016 0.382 0.007 -0.139 0.015 -0.31

Mobile.cif 0.142 -1.884 -0.016 0.335 0.051 -0.461 -0.026 0.523 -0.024 0.499 0.001 -0.002

Tempete.cif 0.106 -1.078 0.009 -0.146 0.08 -0.915 0.003 -0.064 0.013 -0.286 0.003 -0.081

Average of CIF 0.107 -1.33 0.001 -0.019 0.081 -1.014 -0.018 0.355 -0.003 0.053 0.001 -0.031

BigShips_720p 0.119 -1.796 -0.009 0.374 0.102 -2.002 -0.006 0.212 0.021 -0.815 0.025 -0.972

City_corr_720p 0.03 -0.25 0.033 -1.021 0.122 -1.732 0.001 0.067 0.011 -0.29 0.015 -0.647

Crew_720p 0.093 -0.978 0.036 -1.416 0.083 -2.118 -0.002 -0.013 0.044 -1.954 0.026 -1.12

Night_720p 0.074 -1.198 0.002 -0.036 0.112 -1.627 -0.025 0.691 0.004 -0.093 -0.003 0.098

ShuttleStart_720p 0.12 -1.546 0.064 -2.179 0.09 -2.47 0.047 -1.475 0.065 -2.536 0.04 -1.754

Average of HD 0.087 -1.154 0.025 -0.855 0.102 -1.99 0.003 -0.103 0.029 -1.138 0.02 -0.879

Rolling_tomatoes_1080p 0.135 -3.256 -0.054 1.964 0.002 -0.076 -0.062 3.208 -0.044 2.05 -0.066 3.115

Average of All

0.077 -1.103 0.012 -0.278 0.087 -1.405 -0.013 0.386 0.009 -0.273 0.009 -0.223

Average of All

0.145 -2.623 0.02 -0.722 0.081 -1.544 0.002 -0.19 0.006 -0.197 0.027 -0.75

High profile IBBP High profile IbBbBbBP

JM+AIF vs JM+AIF+Proposed

Baseline I_Only Baseline IPPP High profile I_Only High profile IPPP


As shown in table, the proposed deblocking filter yields small amount of coding gain for the most of cases except High profile IPPP, with the best value of loop filter offset. 
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