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e VTM4.0 ALF needs 7 luma line buffers and 4 chroma line buffers

— 7x7 diamond filters with 4x4 block-based classification are used for luma

— A 5x5 diamond filter without classification is used for chroma

* Apply virtual boundary (VB) processing to remove ALF line buffers

— The required samples across the VB are replaced with padded samples

 Simulation results:

Luma BD-rate Over VTM-4.0
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Luma Line Buffer Usage in ALF

A 10x10 luma window is required for one 4x4 block

— 7x7 diamond filters
— 4x4 block-based classification
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Chroma Line Buffer Usage in ALF

e 5x5 diamond filter is used for chroma

— available samples for ALF

4 chroma line buffers { o
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CTU boundaries
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* Apply virtual boundary processing to break the data
dependency when crossing a virtual boundary

— When one sample located at one side of a VB is filtered, accessing
samples located at the other side of the VB is forbidden.

Virtual boundary ----
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Proposed Method

* Apply ALF to the samples in region A

— region A above virtual
boundary

virtual boundary = = use padding to replace these
samples for filtering samples
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Proposed Method

* Apply ALF to the samplesin region B

region A above virtual

_ boundary
use padding to replace these

samples for filtering samples

virtual boundary ---- = inregion B
CTU boundaries . :
— region B below virtual
boundary




Modification in Classifications

* Using padding to generate the required samples in 3-tap
gradient filter when the required samples are located in the
other side of virtual boundary
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Modification in Filtering Process

e Using padding to generate the required samples in the filter
footprint when the required samples are located at the other
side of virtual boundary

* A weighted averaging process is introduced
— FinalOutput = (w * filtered sample + (8-w) * ALF input sample +4 ) >> 3.
— w is dependent on the number of padded lines
— 1 padded line: weight is reduced to 1/2
— 2 padded lines: weight is reduced to 1/4
— 3 padded lines: weight is reduced to 1/8

Virtual Boundary



Implicit Filter On/Off Control

* The implicit filter on/off control is presented in JVET-
MO0301

* The decision is made according to the ratio between the
sum of absolute filter coefficients applied to padded
samples and the sum of absolute filter coefficients applied
to real samples

Padded samples: PO+ P1 + P2 + P3
Real samples: cO+cl +c2+c3+2*%(c4 +
c5+c6+c7+c8+c9+cl0+cll)+cl2

cll cl2 cll cl0 c9
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All Intra Main10

Over VTM-4.0
Y U V EncT DecT
Class Al 0.08% 0.21% 0.16% 100% 102%
Class A2 0.07% 0.13% 0.08% 100% 106%
Class B 0.06% 0.07% 0.07% 100% 102%
Class C 0.05% 0.07% 0.10% 100% 102%
Class E 0.10% 0.11% 0.19% 100% 103%
Overall 0.07% 0.11% 0.11% 100% 103%
Class D 0.03% 0.06% 0.06% 100% 103%
Class F 0.06% 0.06% 0.05% 100% 103%
Random access Main10
Over VTM-4.0
Y U \ EncT DecT
Class Al 0.11% 0.06% 0.09% 100% 101%
Class A2 0.11% -0.07% 0.02% 100% 102%
Class B 0.10% 0.09% 0.12% 100% 101%
Class C 0.07% -0.04% -0.17% 100% 103%
Class E
Overall 0.09% 0.02% 0.02% 100% 102%
Class D 0.03% -0.02% -0.02% 100% 105%
Class F 0.04% 0.06% 0.06% 100% 101%
Low delay B Main10
Over VTM-4.0
Y U V EncT DecT
Class Al
Class A2
Class B 0.07% -0.05% -0.09% 100% 101%
Class C 0.04% 0.29% 0.27% 101% 105%
Class E 0.19% 0.27% -0.32% 102% 103%
Overall 0.09% 0.14% -0.03% 101% 103%
Class D 0.02% 0.23% -0.17% 100% 103%
Class F -0.02% -0.25% -0.31% 102% 106%




e With filter on/off control

All Intra Main10

Over VTM-4.0
Y U \Y EncT DecT
Class Al 0.08% 0.21% 0.16% 100% 101%
Class A2 0.07% 0.13% 0.08% 100% 105%
Class B 0.06% 0.07% 0.07% 100% 102%
Class C 0.05% 0.07% 0.10% 100% 102%
Class E 0.10% 0.11% 0.19% 101% 107%
Overall 0.07% 0.11% 0.11% 100% 103%
Class D 0.03% 0.06% 0.06% 100% 102%
Class F 0.06% 0.06% 0.05% 100% 102%
Random access Main10
Over VTM-4.0
Y U \Y EncT DecT
Class Al 0.11% 0.13% 0.02% 100% 104%
Class A2 0.11% -0.07% 0.08% 100% 103%
Class B 0.10% 0.13% 0.10% 100% 103%
Class C 0.07% -0.04% -0.17% 99% 103%
Class E
Overall 0.10% 0.04% 0.01% 100% 103%
Class D 0.03% -0.03% -0.02% 99% 103%
Class F 0.04% 0.06% 0.06% 100% 101%
Low delay B Main10
Over VTM-4.0
Y U \Y EncT DecT
Class Al
Class A2
Class B 0.08% -0.06% 0.14% 100% 104%
Class C 0.08% 0.47% 0.20% 100% 105%
Class E 0.20% 0.19% -0.21% 100% 103%
Overall 0.11% 0.18% 0.07% 100% 104%
Class D 0.03% 0.20% -0.12% 100% 107%
Class F -0.04% 0.09% 0.42% 100% 104%




e Virtual boundary (VB) processing to remove ALF line buffers
— Therequired samples across the VB are replaced with padded samples

— Remove seven luma line buffers and four chroma line buffers

* Simulation results

Luma BD-rate Over VTM-4.0
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Proposed Method

 Thank Huawei and Qualcomm for crosschecking

13






