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Systems and methods are described for reducing the complexity of using bi-directional optical flow
(BIO) in video coding. In some embodiments, bit-width reduction steps are introduced in the BIO motion
refinement process to reduce the maximum bit-width used for BIO calculations. In some embodiments,
simplified interpolation filters are used to generate predicted samples in an extended region around a current
coding unit. In some embodiments, different interpolation filters are used for vertical versus horizontal
interpolation. In some embodiments, BIO is disabled for coding units with small heights and/or for coding
units that are predicted using a sub-block level inter prediction technique, such as advanced temporal motion
vector prediction (ATMVP) or affine prediction.
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Systems and methods are described for reducing the complexity of using bi-
directional optical flow (BIO) in video coding. In some embodiments, bit-width
reduction steps are introduced in the BIO motion refinement process to reduce the
maximum bit-width used for BIO calculations. In some embodiments, simplified

interpolation filters are used to generate predicted samples in an extended region

around a current coding unit. In some embodiments, different interpolation filters are
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used for vertical versus horizontal interpolation. In some embodiments, BIO is disabled
for coding units with small heights and/or for coding units that are predicted using a

sub-block level inter prediction technique, such as advanced temporal motion vector

prediction (ATMVP) or affine prediction.
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BIO
wer WL e | e | owm | B | gom e | OO0
A 1t 3l
4x4 184.0 0 11.3 0 0.1 2 197.3 329%
4x8 124.0 0 94 0 0.1 2 1354 226%
84 138.0 0 94 0 0.1 2 149.4 249%
4x16 94.0 0 8.4 0 0.1 2 104.5 174%
16x4 115.0 0 8.4 0 0.1 2 125.5 209%
4x32 79.0 0 8.0 0 0.1 2 89.0 148%
32x%4 103.5 0 8.0 0 0.1 2 113.5 189%
4x64 71.5 0 7.7 0 0.1 2 81.3 135%
64x4 97.8 0 7.7 0 0.1 2 107.5 179%
4x128 67.8 0 7.6 0 0.1 2 77.4 129%
128%4 949 0 7.6 0 0.1 2 104.6 174%
8x8 93.0 0 7.8 0 0.1 2 102.9 171%
8§x16 70.5 0 7.0 0 0.1 2 79.6 133%
16x8 77.5 0 7.0 0 0.1 2 86.6 144%
8§x32 59.3 0 6.6 0 0.1 2 68.0 113%
32%8 69.8 0 6.6 0 0.1 2 78.5 131%
8§x64 53.6 0 6.4 0 0.1 2 62.1 104%
64x8 65.9 0 6.4 0 0.1 2 74.4 124%
8x128 50.8 0 6.3 0 0.1 2 59.2 99%
128%8 63.9 0 6.3 0 0.1 2 72.3 121%
16x16 58.8 0 6.3 0 0.1 2 67.1 112%
16x32 49.4 0 6.0 0 0.1 2 57.4 96%
32x16 52.9 0 6.0 0 0.1 2 60.9 102%
16x64 44.7 0 5.8 0 0.1 2 52.6 88%
64x16 49.9 0 5.8 0 0.1 2 57.8 96%
16x128 423 0 5.7 0 0.1 2 50.1 84%
128%16 48.5 0 5.7 0 0.1 2 56.2 94%
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— BIO
/N
iy | LN mm | e | om0 | mm | Tl | A
4x4 | 1840 | 9.0 6.8 113 0.2 6 2172 | 350%
4x8 | 1240 | 7.5 5.6 11.3 0.2 6 154.6 | 249%
8x4 [ 1380 | 7.5 5.6 113 0.2 6 168.6 | 272%
4x16 | 940 | 6.8 5.1 11.3 0.2 6 1233 | 199%
16x4 | 1150 | 6.8 5.1 11.3 0.2 6 1443 | 233%
4x32 | 790 | 6.4 4.8 11.3 0.2 6 107.6 | 174%
32x4 | 1035 | 6.4 4.8 11.3 0.2 6 1321 | 213%
4x64 | 715 | 62 4.6 11.3 . 0.2 6 99.8 | 161%
64x4 | 978 | 6.2 4.6 11.3 0.2 6 1260 | 203%
4x128 | 678 | 6.1 4.6 11.3 0.2 6 959 | 155%
128x4 | 949 | 6.1 4.6 11.3 0.2 6 123.0 | 198%
8x8 | 93.0 | 6.3 4.7 11.3 0.2 6 1214 | 196%
8x16 | 705 | 5.6 4.2 11.3 0.2 6 97.8 | 158%
16x8 | 77.5 | 5.6 4.2 113 0.2 6 1048 | 169%
8x32 | 593 | 5.3 4.0 11.3 0.2 6 86.0 | 139%
32x8 | 69.8 | 5.3 4.0 11.3 0.2 6 96.5 156%
8x64 | 536 | 5.2 39 11.3 0.2 6 80.1 129%
64x8 | 659 | 5.2 3.9 11.3 0.2 6 92.3 149%
8x128 | 50.8 | 5.1 3.8 11.3 0.2 6 77.1 124%
128x8 | 63.9 | 5.1 3.8 11.3 0.2 6 90.3 146%
16x16 | 58.8 | 5.1 3.8 113 0.2 6 850 | 137%
16x32 | 494 | 4.8 3.6 11.3 0.2 6 752 | 121%
32x16 | 529 | 4.8 3.6 11.3 0.2 6 787 | 127%
16x64 | 44.7 | 4.6 3.5 11.3 0.2 6 702 | 113%
64x16 | 49.9 | 4.6 3.5 11.3 0.2 6 75.5 | 122%
{/ "\ o8 | 423 | 46 3.4 11.3 0.2 6 67.8 109%
128x16 | 485 | 4.6 3.4 11.3 0.2 6 73.9 119%
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BIO

CURIN T

<W?§HJ> Lo | R | EmEE | RA | EERG EEEJ?; wy |
4x4 60.0 0 0 0 0 0 60.0 100%
4x8 46.0 0 0 0 0 0 46.0 T7%
8x4 60.0 0 0 0 0 0 60.0 100%
4x16 50.8 0 8.4 0 0.1 2 61.3 102%
16x4 60 0 0 0 0 0 60.0 100%
4x32 45.4 0 8.0 0 0.1 2 55.4 92%
32x4 60.0 0 0 0 0 0 60.0 100%
4x64 42.77 0 7.7 0 0.1 2 52.5 87%
64x4 60.0 0 0 0 0 0 60.0 100%
4x128 41.3 0 7.6 0 0.1 2 51.0 85%
128x4 60.0 0 0 0 0 0 60.0 100%
8x8 56.3 0 7.8 0 0.1 2 66.1 110%
8x16 46.1 0 7.0 0 0.1 2 55.2 92%
16x8 53.6 0 7.0 0 0.1 2 62.7 105%
8%x32 41.1 0 6.6 0 0.1 2 49.8 83%
32x8 52.3 0 6.6 0 0.1 2 61.0 102%
8x64 38.5 0 6.4 0 0.1 2 47.0 78%
64x8 51.7 0 6.4 0 0.1 2 60.2 100%
8x128 373 0 6.3 0 0.1 2 45.7 76%
128%8 51.3 0 6.3 0 0.1 2 59.7 100%
16x16 43.8 0 6.3 0 0.1 2 52.2 87%
16x32 38.9 0 6.0 0 0.1 2 46.9 78%
32x16 42.77 0 6.0 0 0.1 2 50.7 84%
16x64 36.5 0 5.8 0 0.1 2 443 74%
64%x16 421 0 5.8 0 0.1 2 49.9 83%
16x128 | 35.2 0 5.7 0 0.1 2 43.0 72%
128%16 | 41.8 0 5.7 0 0.1 2 49.6 83%
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BIO
wor | o | e | osm vl onm | am | OO
1 3
4x4 60 0.0 0.0 0.0 0.0 2 62.0 100%
4x8 46 0.0 0.0 0.0 0.0 2 48.0 T7%
84 | 60 | 00 | 00 0.0 0.0 2 620 | 100%
<16 | 508 | 68 | 5.1 113 | 02 6 800 | 129%
16x4 60 0.0 0.0 0.0 0.0 2 62.0 100%
4x32 | 454 64 | 48 113 | 02 6 | 740 | 119%
3254 | 60 | 0.0 | 00 0.0 0.0 2 620 | 100%
464 | 427 62 | 46 113 | 02 6 710 | 114%
64x4 60 0.0 0.0 0.0 0.0 2 62.0 100%
4x128 | 413 | 61 | 46 13 | 02 6 694 | 112%
128<4 | 60 | 00 | 00 0.0 0.0 2 620 | 100%
8x8 56.3 6.3 4.7 11.3 0.2 6 84.6 136%
8x16 | 46.1 | 56 | 42 13 | 02 6 734 | 118%
16x8 | 536 | 56 | 42 i3 | 02 6 800 | 130%
8§32 | 41.1] 53 | 40 13 | 02 6 678 | 109%
32x8 52.3 5.3 4.0 11.3 0.2 6 79.0 127%
8<64 | 385 | 52 | 39 113 | 02 6 650 | 105%
64<8 | 517 52 | 309 113 | 02 6 781 | 126%
8x128 | 37.3 5.1 3.8 11.3 0.2 6 63.6 103%
1288 | 513 | 5.1 38 113 | 02 6 777 | 125%
16x16 | 438 | 5.1 38 13 | 02 6 701 | 113%
16x32 | 389 | 48 | 356 113 | 02 5 647 | 104%
32x16 | 42.7 4.8 3.6 11.3 0.2 6 68.5 110%
16x64 | 365 | 46 | 3.5 113 | 02 6 620 | 100%
64x16 | 42.1 4.6 3.5 11.3 0.2 6 67.6 109%
16x128 | 35.2 4.6 34 11.3 0.2 6 60.7 98%
128<16 | 41.8 | 46 | 34 13 | 02 6 672 | 108%
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