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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 2.28% and 0.98% in BD-bitrate with the 2D non-separable adaptive interpolation filter (2D-NS AIF) for baseline and high profiles, respectively. For all intra-frame coding, we achieve 4.8% coding gain in BD-bitrate with the proposed deblocking for baseline profile. For high profile, 3.24 % bitrate reduction 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.
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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
To evaluate the performance of the current deblocking filtering, we ran the KTA software with deblocking set to on and off for CIF and 720p sequences. 

[image: image5]
Test condtion: KTA reference software 1.8, High profile, 300 frames/sequence, IPPP, Intra period = 30

Condition 1: H.264 deblocking (on), 2D-NS AIF (off)
Condition 2: H.264 deblocking (off), 2D-NS AIF (off)

As shown in the table, we can say that the H.264 deblocking contributes to improve coding gain of the H.264. 

[image: image6]
Test condtion: KTA reference software 1.8, High profile, 150 frames/sequence, IPPP, Intra period = 60

Condition 1: H.264 deblocking (on), 2D-NS AIF (off)

Condition 2: H.264 deblocking (off), 2D-NS AIF (off)

As shown in the table, the coding gain of H.264 deblocking reduces a little bit for larger images of 720p.  

To evaluate the performance of the current deblocking filter with the adaptive interpolation filger (AIF), we ran the KTA with the AIF and the deblocking filtering set to on and off for baseline and high profiles. 


[image: image7]
Test condtion: KTA reference software 1.8, Baseline profile, 150 frames/sequence, IPPP, Intra period = 60

Condition 1: H.264 deblocking (on), 2D-NS AIF (on)

Condition 2: H.264 deblocking (off), 2D-NS AIF (on)

As shown in the table, the coding gain of H.264 deblocking is not as much as in the case of AIF set to off. The H.264 deblocking filter could be improved with the AIF filter. 
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Test condtion: KTA reference software 1.8, High profile, 150 frames/sequence, IPPP, Intra period = 60

Condition 1: H.264 deblocking (on), 2D-NS AIF (on)

Condition 2: H.264 deblocking (off), 2D-NS AIF (on)

As shown in the table, the coding gain of H.264 deblocking is not as much as in the case of AIF set to off. The H.264 deblocking filter could be improved with the AIF filter. 

This table shows the comparison of the proposed deblocking filter and current deblocking filter with AIF on.
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Test condtion: KTA reference software 1.8, Baseline profile, 150 frames/sequence, IPPP, Intra period = 60

Condition 1: H.264 deblocking (on), 2D-NS AIF (on)

Condition 2: Proposed deblocking (on), 2D-NS AIF (on)

As shown in the table, we found that additional bitrate saving is achieved 2.28% in BD-bitrate with the AIF filter on. 
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Test condtion: KTA reference software 1.8, High profile, 150 frames/sequence, IPPP, Intra period = 60

Condition 1: H.264 deblocking (on), 2D-NS AIF (on)

Condition 2: Proposed deblocking (on), 2D-NS AIF (on)

As shown in the table, we found that additional bitrate saving is achieved 2.28% in BD-bitrate with the AIF filter on. 

To evaluate the performance of the H.264 and proposed deblocking filters for all intra-frame case, we ran the KTA software for baseline and high profiles with QCIF sequences. 
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Test condtion: KTA reference software 1.8, Baseline profile, 300 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: H.264 deblocking (off)
As shown in the table, we found that we can lost coding gain of 2.0% in BD-bitrate without the H.264 deblocking filter. 
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Test condtion: KTA reference software 1.8, Baseline profile, 300 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: Proposed deblocking (on)
As shown in the table, we found that the proposed deblocking filter is comparable with the H.264 deblocking filer for QCIF sequences. 

To evaluate the performance of the H.264 and proposed deblocking filters for all intra-frame case, we ran the KTA software for baseline profile with 720p sequences.
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Test condtion: KTA reference software 1.8, Baseline profile, 150 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: H.264 deblocking (off)
As shown in the table, we found that the H.264 deblocking filter could be not effective for 720p sequences. 


[image: image14]
Test condtion: KTA reference software 1.8, Baseline profile, 150 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: Proposed deblocking (on)
As shown in the table, we found that the proposed deblocking filter is more efficient than the H.264 deblocking filer for 720p sequences. 

To evaluate the performance of the H.264 and proposed deblocking filters for all intra-frame case, we ran the KTA software for high profile with 720p sequences.


[image: image15]
Test condtion: KTA reference software 1.8, High profile, 150 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: H.264 deblocking (off)
As shown in the table, we found that the H.264 deblocking filter could be not effective for 720p sequences. 
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Test condtion: KTA reference software 1.8, High profile, 150 frames/sequence, All intra-frame

Condition 1: H.264 deblocking (on)

Condition 2: Proposed deblocking (on)
As shown in the table, we found that the proposed deblocking filter is more efficient than the H.264 deblocking filer for 720p sequences. 
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[image: image17.png]~ Condition 1 Condition 2
Sequence QP BDPSNR(dB) | BDBitrate(%o)
Bitrate PSNR Bitrate PSNR
1=22, P=23 1144417 40.385 1153568 40.303
1=27, P=28 483118 36.859 493438 36.639
Foreman.cif =
1=32, P=33 210563 33.485 216862 33.25 0.31 7.61
1=37, P=38 106895 30.37 111589 30.156
1=22, pP=23 949914 40.962 1040023 40.93
1=27, P=28 254062 38.193 272889 38.024
Hall_monitor.cif =
- 1=32, P=33 95003 35.311 99607 35.04 0.36 13.09
1=37, P=38 45418 32.114 46964 31.823
1=22, P=23 439673 41.967 444531 41.84
1=27, P=28 226412 38.693 231551 38.519
News.cif =
1=32, P=33 118174 35.205 121109 34.97 0.32 6.13
1=37, P=38 62138 31.67 64067 31.471
1=22, P=23 3639107 39.654 3642387 39.595
1=27, P=28 1851794 34.984 1856010 34.881
Mobile.cif -0.1 1.94
1=32, P=33 729509 30.35 732955 30.274
1=37, P=38 283449 26.335 286477 26.293

Average




[image: image18.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 7496915 40.172 7667432 40.105
1=27, P=28 2319088 36.762 2391203 36.671
BigShips - -
95hip 1=32,P=33 808054 33.791 837237 33.706 0.173 6.179
1=37, P=38 341875 31.273 351947 31.2
1=22, P=23 13045885 40.305 13278058 40.235
1=27, P=28 3336602 36.387 3413557 36.272
City_corr -
Y- 1=32,P=33 1054595 33.141 1052706 33.101 0.115 3.975
1=37, P=38 479326 30.22 482518 30.263
1=22, P=23 6668335 41.813 6978018 41.829
1=27, P=28 1986554 39.279 2078246 39.19
Crew -
1=32,P=33 824750 37.045 865018 36.944 0.194 7.937
1=37, P=38 386426 34.669 409317 34.602

Average




[image: image19.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 7787082 39.863 7893391 39.882
1=27, P=28 2319197 36.561 2369522 36.573
BigShips - -
95hip 1=32,P=33 838493 33.821 856637 33.848 0.041 1.443
1=37, P=38 411400 31.481 421109 31.504
1=22, P=23 13058592 40.051 13175682 40.058
1=27, P=28 3061539 36.229 3106077 36.23
City_corr -
Y- 1=32,P=33 1089962 33.211 1101349 33.264 0.011 0.465
1=37, P=38 571346 30.449 574808 30.565
1=22, P=23 6404530 41.565 6586560 41.66
1=27, P=28 2107823 39.227 2169314 39.228
Crew -
1=32,P=33 969501 37.04 992798 37.007 0.075 2.618
1=37, P=38 526054 34.686 546571 34.668

Average




[image: image20.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 7787082 39.863 7803311 39.927
1=27, P=28 2319197 36.561 2334205 36.639
BigShips - -
95hip 1=32,P=33 838493 33.821 847835 33.917 0.06 2.095
1=37, P=38 411400 31.481 418272 31.592
1=22, P=23 13058592 40.051 13020912 40.096
1=27, P=28 3061539 36.229 3067957 36.276
City_corr -
Y- 1=32,P=33 1089962 33.211 1091723 33.327 0.071 222
1=37, P=38 571346 30.449 570720 30.628
1=22, P=23 6404530 41.565 6448080 41.695
1=27, P=28 2107823 39.227 2131714 39.312
Crew -
1=32,P=33 969501 37.04 974578 37.132 0.064 2,517
1=37, P=38 526054 34.686 533923 34.77
Averase ﬁ




[image: image21.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 7253519 40.187 7328672 40.172
1=27, P=28 2187269 36.818 2224715 36.794
BigShips - -
95hip 1=32,P=33 749251 33.93 767581 33.904 0.08 2.862
1=37, P=38 329946 31.484 339466 31.446
1=22, P=23 12510539 40.414 12608112 40.387
1=27, P=28 3119899 36.546 3155864 36.513
City_corr -
Y- 1=32,P=33 995774 33.337 1002861 33.334 0.049 1631
1=37, P=38 478891 30.488 482640 30.504
1=22, P=23 6180071 41.86 6299642 41.917
1=27, P=28 1856898 39.313 1917838 39.285
Crew -
1=32,P=33 789570 37.081 813186 37.027 0.11 4.158
1=37, P=38 385310 34.719 403504 34.654

Average




[image: image22.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 7253519 40.187 7277935 40.228
1=27, P=28 2187269 36.818 2194693 36.86
BigShips - -
95hip 1=32,P=33 749251 33.93 756365 33.972 0.024 0.867
1=37, P=38 329946 31.484 334162 31.527
1=22, P=23 12510539 40.414 12536118 40.429
1=27, P=28 3119899 36.546 3138984 36.56
City_corr -
Y- 1=32,P=33 995774 33.337 992451 33.384 0.02 0.652
1=37, P=38 478891 30.488 479400 30.561
1=22, P=23 6180071 41.86 6206192 41.947
1=27, P=28 1856898 39.313 1880474 39.373
Crew -
1=32,P=33 789570 37.081 796005 37.15 0.032 1.43
1=37, P=38 385310 34.719 393520 34.762

Average




[image: image23.png]Average

~ Condition 1 Condition 2
Sequence QP " " BDPSNR(dB) | BDBitrate(%o)
Bitrate PSNR Bitrate PSNR
1=22, P=23 1368642 41.949 1368642 41.962
1=27, P=28 832578 37.913 832578 37.831
Foreman.qcif =
1 1=32, P=33 489755 34.127 489755 33.924 0.14 1.87
1=37, P=38 297851 30.764 297851 30.487
1=22, P=23 1163299 42.894 1163299 42.976
1=27, P=28 768779 39.339 768779 39.107
Hall_monitor.qcif =
- 1 1=32, P=33 497132 35.425 497132 35.019 0.29 3.24
1=37, P=38 319648 31.556 319648 31.102
1=22, P=23 1333132 43.237 1333132 43.131
1=27, P=28 897596 39.04 897596 38.86
News.qcif =
1 1=32, P=33 596574 35.01 596574 34.741 0.22 2.26
1=37, P=38 384706 31.214 384706 30.93
1=22, P=23 2365898 42.393 2365898 42.336
1=27, P=28 1673394 37.55 1673394 37.46
Stephen.qcif =
! 1 1=32, P=33 1106017 32.691 1106017 32.591 0.09 081
1=37, P=38 669942 28.351 669942 28.262




[image: image24.png]Average

~ Condition 1 Condition 2
Sequence QP BDPSNR(dB) | BDBitrate(%o)
Bitrate PSNR Bitrate PSNR
1=22, P=23 1368642 41.949 1368642 42.052
1=27, P=28 832578 37.913 832578 38.018
Foreman.qcif =
1 1=32, P=33 489755 34.127 489755 34.195 0.08 111
1=37, P=38 297851 30.764 297851 30.795
1=22, P=23 1163299 42.894 1163299 43.156
1=27, P=28 768779 39.339 768779 39.387
Hall_monitor.qcif =
- 1 1=32, P=33 497132 35.425 497132 35.369 0.01 0.11
1=37, P=38 319648 31.556 319648 31.431
1=22, P=23 1333132 43.237 1333132 43.316
1=27, P=28 897596 39.04 897596 39.093
News.qcif =
1 1=32, P=33 596574 35.01 596574 35.024 0.03 0.32
1=37, P=38 384706 31.214 384706 31.196
1=22, P=23 2365898 42.393 2365898 42.42
1=27, P=28 1673394 37.55 1673394 37.556
Stephen.qcif =
! 1 1=32, P=33 1106017 32.691 1106017 32.698 0.01 0.09
1=37, P=38 669942 28.351 669942 28.369




[image: image25.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 34886744 42.112 34886744 42.183
1=27, P=28 19710942 38.328 19710942 38.449
BigShips - -
95hip 1=32,P=33 10832355 35.096 10832355 35.038 0.006 0.225
1=37, P=38 5881943 32.36 5881943 32.175
1=22, P=23 42711584 42.34 42711584 42.395
1=27, P=28 26711532 38.103 26711532 38.181
City_corr - -
Y- 1=32,P=33 15797315 34.316 15797315 34.268 0.003 0.03
1=37, P=38 9064211 31.003 9064211 30.887
1=22, P=23 19027188 43.207 19027188 43.402
1=27, P=28 9476771 40.193 9476771 40.302
Crew -
1=32,P=33 5068490 37.828 5068490 37.675 0.008 0.039
1=37, P=38 2935770 35.641 2935770 35.339

Average




[image: image26.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 34886744 42.112 34886744 42.29
1=27, P=28 19710942 38.328 19710942 38.675
BigShips - -
95hip 1=32,P=33 10832355 35.096 10832355 35.353 0.267 4.834
1=37, P=38 5881943 32.36 5881943 32.515
1=22, P=23 42711584 42.34 42711584 42.457
1=27, P=28 26711532 38.103 26711532 38.369
City_corr -
Y- 1=32,P=33 15797315 34.316 15797315 34.576 0.242 3.314
1=37, P=38 9064211 31.003 9064211 31.242
1=22, P=23 19027188 43.207 19027188 43.479
1=27, P=28 9476771 40.193 9476771 40.532
Crew -
1=32,P=33 5068490 37.828 5068490 38.027 0.26 6.276
1=37, P=38 2935770 35.641 2935770 35.751

Average




[image: image27.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 32137612 42.145 32137612 42.168
1=27, P=28 17781436 38.54 17781436 38.581
BigShips - -
95hip 1=32,P=33 8945939 35.199 8945939 35.112 0.045 081
1=37, P=38 4472047 32.517 4472047 32.323
1=22, P=23 38526232 42.705 38526232 42.737
1=27, P=28 24664810 38.741 24664810 38.783
City_corr -
Y- 1=32,P=33 13912584 34.692 13912584 34.618 0.037 0.47
1=37, P=38 7517107 31.396 7517107 31.253
1=22, P=23 17315640 43.57 17315640 43.691
1=27, P=28 8379946 40.496 8379946 40.579
Crew -
1=32,P=33 4052103 38.01 4052103 37.896 0.017 0.231
1=37, P=38 2193005 35.845 2193005 35.597

Average




[image: image28.png]Condition 1 Condition 2 .
Sequence QP — = BDPSNR(dB) | BDBitrate(%)
Bitrate PSNR Bitrate PSNR
1=22, P=23 32137612 42.145 32137612 42.252
1=27, P=28 17781436 38.54 17781436 38.762
BigShips - -
95hip 1=32,P=33 8945939 35.199 8945939 35.344 0.154 3.16
1=37, P=38 4472047 32.517 4472047 32.565
1=22, P=23 38526232 42.705 38526232 42.774
1=27, P=28 24664810 38.741 24664810 38.92
City_corr -
Y- 1=32,P=33 13912584 34.692 13912584 34.84 0.142 2.073
1=37, P=38 7517107 31.396 7517107 31.499
1=22, P=23 17315640 43.57 17315640 43.749
1=27, P=28 8379946 40.496 8379946 40.739
Crew -
1=32,P=33 4052103 38.01 4052103 38.126 0.167 4.477
1=37, P=38 2193005 35.845 2193005 35.869

Average




