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CLAIMS

1. A method of coding video data, the method comprising: 

reconstructing a block of video data to create a reconstructed block of video data;

determining a plurality of gradient values for a window that covers the reconstructed 

block of video data, the window including samples of the reconstructed block of video data 

and samples that surround the reconstructed block of video data, the determining the plurality 

of gradient values including determining gradient values of a plurality of gradient directions 

for a sample in the reconstructed block of video data, including performing a gradient 

calculation of a gradient value of a gradient direction for the sample based at least in part on a 

plurality of neighboring samples that includes an unavailable sample, including using a 

sample value of an available neighboring sample that corresponds to the unavailable sample 

in place of the unavailable sample for performing the gradient calculation for the sample, 

wherein the unavailable sample is outside of one of: a picture, a slice, a tile, or a tile group 

that includes the reconstructed block of video data;

determining an adaptive loop filter for the reconstructed block of video data based at 

least in part on the determined plurality of gradient values for the window, including the 

determined gradient values of the plurality of gradient directions for the sample; and

applying the determined adaptive loop filter to the reconstructed block of video data to 

generate a filtered block of video data, including determining a weighted average of a 

particular sample in the reconstructed block of video data and a sample of the filtered block 

of video data based at least in part on at least one of: 

whether determining one or more gradient values for the particular sample 

includes performing one or more gradient calculations for the particular sample using 

one or more unavailable samples, or 

whether the determining the plurality of gradient values for the window that 

covers the reconstructed block of video data includes determining one or more gradient 

values for one or more samples within the window that are outside a boundary of one 

of: the picture, the slice, the tile, or the tile group, wherein the reconstructed block of 

video data is inside the boundary. 

2. The method of claim 1, wherein performing the gradient calculation for the sample, 

including using the sample value of the available neighboring sample that corresponds to the 

unavailable sample comprises: 
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performing the gradient calculation for the sample using the available neighboring 

sample along the gradient direction of a gradient of the sample in place of the unavailable 

sample. 

3. The method of claim 1, wherein performing the gradient calculation for the sample, 

including using the sample value of the available neighboring sample that corresponds to the 

unavailable sample comprises: 

performing mirror padding to determine the available neighboring sample that 

corresponds to the unavailable sample; and

performing the gradient calculation for the sample using the available neighboring 

sample. 

4. The method of claim 1, wherein determining the plurality of gradient values for the 

window that covers the reconstructed block of video data comprises: 

replacing unavailable gradient values for samples within the window that are outside a 

boundary of one of: the picture, the slice, the tile, or the tile group with one or more gradient 

values that are inside the boundary, wherein the one of: the picture, the slice, the tile, or the 

tile group includes the reconstructed block of video data. 

5. The method of claim 4, wherein the boundary comprises a horizontal boundary, and 

wherein replacing the unavailable gradient values for the samples within the window that are 

outside the boundary with the one or more gradient values that are inside the boundary 

comprises: 

determining a gradient value for a sample within the window and outside the horizontal 

boundary as a nearest gradient value of a sample inside the horizontal boundary that is on the 

same column as the sample within the window and outside the horizontal boundary. 

6. The method of claim 4, wherein the boundary comprises a vertical boundary, and 

wherein replacing the unavailable gradient values for the samples within the window that are 

outside the boundary with the one or more gradient values that are inside the boundary 

comprises: 

determining a gradient value for a sample within the window and outside the vertical 

boundary as a nearest gradient value of a sample inside the vertical boundary that is on the 

same row as the sample within the window and outside the vertical boundary. 
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7. The method of claim 4, wherein replacing the unavailable gradient values for the 

samples within the window that are outside the boundary with the one or more gradient 

values that are inside the boundary comprises: 

determining a diagonal gradient value for a sample within the window and outside the 

boundary as a nearest diagonal gradient value of a sample inside the boundary that is on the 

same gradient direction as the diagonal gradient value of the sample within the window and 

outside the boundary. 

8. The method of claim 4, wherein replacing the unavailable gradient values for the 

samples within the window that are outside the boundary with the one or more gradient 

values that are inside the boundary comprises: 

determining additional gradient values for additional samples within the reconstructed 

block of video data to replace the unavailable gradient values for the samples within the 

window that are outside the boundary. 

9. The method of claim 1, wherein determining the plurality of gradient values for the 

window that covers the reconstructed block of video data comprises: 

refraining from including unavailable gradient values for samples within the window 

that are outside a boundary of one of: the picture, the slice, the tile, or the tile group in the 

gradient values for the window, wherein the one of: the picture, the slice, the tile, or the tile 

group includes the reconstructed block of video data; and

normalizing the plurality of gradient values for the window. 

10. The method of claim 1, wherein determining the adaptive loop filter for the 

reconstructed block of video data based at least in part on the determined plurality of gradient 

values for the window comprises: 

in response to the adaptive loop filter utilizing filter supports corresponding to 

unavailable samples, determining a partial filter from the adaptive loop filter that does not use 

the filter supports corresponding to the unavailable samples, wherein the partial filter 

comprises one of: an asymmetric partial filter or a symmetric partial filter. 
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11. The method of claim 1, wherein determining the adaptive loop filter for the 

reconstructed block of video data based at least in part on the determined plurality of gradient 

values for the window comprises: 

in response to the adaptive loop filter utilizing filter supports corresponding to 

unavailable samples, performing mirror padding to replace the filter supports corresponding 

to the unavailable samples. 

12. The method of claim 1, wherein applying the determined adaptive loop filter to the 

reconstructed block of video data to generate the filtered block of video data further 

comprises: 

conditionally disabling filtering of a particular sample of the reconstructed block of 

video data based at least in part on at least one of: 

whether determining one or more gradient values for the particular sample 

includes performing one or more gradient calculations for the particular sample using 

one or more unavailable samples, or 

whether determining the gradient values for the window that covers the 

reconstructed block of video data includes determining one or more gradient values for 

one or more samples within the window that are outside a boundary of one of: the 

picture, the slice, the tile, or the tile group, wherein the reconstructed block of video 

data is inside the boundary. 

13. The method of claim 12, wherein conditionally disabling filtering of a particular sample 

of the reconstructed block of video data is further based on a threshold. 

14. An apparatus configured to code video data, the apparatus comprising: 

a memory configured to store a block of video data; and

one or more processors, implemented in circuitry, in communication with the memory, 

the one or more processors configured to: 

reconstruct the block of video data to create a reconstructed block of video data;

determine a plurality of gradient values for a window that covers the 

reconstructed block of video data, the window including samples of the reconstructed 

block of video data and samples that surround the reconstructed block of video data, 

wherein to determine the plurality of gradient values, the one or more processors are 

further configured to determine gradient values of a plurality of gradient directions for a 
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sample in the reconstructed block of video data, wherein to determine the gradient 

values of the plurality of gradient directions, the one or more processors are further 

configured to perform a gradient calculation of a gradient value of a gradient direction 

for the sample based at least in part on a plurality of neighboring samples that includes 

an unavailable sample, wherein to perform the gradient calculation, the one or more 

processors are further configured to use a sample value of an available neighboring 

sample that corresponds to the unavailable sample in place of the unavailable sample 

for the performance of the gradient calculation for the sample, wherein the unavailable 

sample is outside of one of: a picture, a slice, a tile, or a tile group that includes the 

reconstructed block of video data;

determine an adaptive loop filter for the reconstructed block of video data based 

at least in part on the determined plurality of gradient values for the window, including 

the determined gradient values of the plurality of gradient directions; and

apply the determined adaptive loop filter to the reconstructed block of video data 

to generate a filtered block of video data, wherein to apply the determined adaptive 

loop filter, the one or more processors are further configured to determine a weighted 

average of a particular sample in the reconstructed block of video data and a sample of 

the filtered block of video data based at least in part on at least one of: 

whether a determination of one or more gradient values for the particular 

sample includes a performance of one or more gradient calculations for the 

particular sample using one or more unavailable samples, or 

whether the determination of the plurality of gradient values for the window 

that covers the reconstructed block of video data includes a determination of one 

or more gradient values for one or more samples within the window that are 

outside a boundary of one of: the picture, the slice, the tile, or the tile group, 

wherein the reconstructed block of video data is inside the boundary. 

15. The apparatus of claim 14, wherein to perform the gradient calculation for the sample, 

including using the sample value of the available neighboring sample that corresponds to the 

unavailable sample, the one or more processors are configured to: 

perform the gradient calculation for the sample using the available neighboring sample 

along the gradient direction of a gradient of the sample in place of the unavailable sample. 



81 

16. The apparatus of claim 14, wherein to perform the gradient calculation for the sample, 

including using the sample value of the available neighboring sample that corresponds to the 

unavailable sample, the one or more processors are configured to: 

perform mirror padding to determining the available neighboring sample that 

corresponds to the unavailable sample; and

perform the gradient calculation for the sample using the available neighboring sample. 

17. The apparatus of claim 14, wherein to determine the plurality of gradient values for the 

window that covers the reconstructed block of video data, the one or more processors are 

further configured to: 

replace unavailable gradient values for samples within the window that are outside a 

boundary of one of: the picture, the slice, the tile, or the tile group with one or more gradient 

values that are inside the boundary, wherein the one of: the picture, the slice, the tile, or the 

tile group includes the reconstructed block of video data. 

18. The apparatus of claim 17, wherein the boundary comprises a horizontal boundary, and 

wherein to replace the unavailable gradient values for the samples within the window that are 

outside the boundary with the one or more gradient values that are inside the boundary, the 

one or more processors are further configured to: 

determine a gradient value for a sample within the window and outside the horizontal 

boundary as a nearest gradient value of a sample inside the horizontal boundary that is on the 

same column as the sample within the window and outside the horizontal boundary. 

19. The apparatus of claim 17, wherein the boundary comprises a vertical boundary, and 

wherein to replace the unavailable gradient values for the samples within the window that are 

outside the boundary with the one or more gradient values that are inside the boundary, the 

one or more processors are further configured to: 

determine a gradient value for a sample within the window and outside the vertical 

boundary as a nearest gradient value of a sample inside the vertical boundary that is on the 

same row as the sample within the window and outside the vertical boundary. 

20. The apparatus of claim 17, wherein to replace the unavailable gradient values for the 

samples within the window that are outside the boundary with the one or more gradient 

values that are inside the boundary, the one or more processors are further configured to: 
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determine a diagonal gradient value for a sample within the window and outside the 

boundary as a nearest diagonal gradient value of a sample inside the boundary that is on the 

same gradient direction as the diagonal gradient value of the sample within the window and 

outside the boundary. 

21. The apparatus of claim 17, wherein to replace the unavailable gradient values for the 

samples within the window that are outside the boundary with the one or more gradient 

values that are inside the boundary, the one or more processors are further configured to: 

determine additional gradient values for additional samples within the reconstructed 

block of video data to replace the unavailable gradient values for the samples within the 

window that are outside the boundary. 

22. The apparatus of claim 14, wherein to determine the plurality of gradient values for the 

window that covers the reconstructed block of video data, the one or more processors are 

further configured to: 

refrain from including unavailable gradient values for samples within the window that 

are outside a boundary of one of: the picture, the slice, the tile, or the tile group in the 

gradient values for the window, wherein the one of: the picture, the slice, the tile, or the tile 

group includes the reconstructed block of video data; and

normalize the plurality of gradient values for the window. 

23. The apparatus of claim 14, wherein to determine the adaptive loop filter for the 

reconstructed block of video data based at least in part on the determined plurality of gradient 

values for the window, the one or more processors are further configured to: 

in response to the adaptive loop filter utilizing filter supports corresponding to 

unavailable samples, determine a partial filter from the adaptive loop filter that does not use 

the filter supports corresponding to the unavailable samples, wherein the partial filter 

comprises one of: an asymmetric partial filter or a symmetric partial filter. 

24. The apparatus of claim 14, wherein to determine the adaptive loop filter for the 

reconstructed block of video data based at least in part on the determined plurality of gradient 

values for the window, the one or more processors are further configured to: 
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in response to the adaptive loop filter utilizing filter supports corresponding to 

unavailable samples, perform mirror padding to replace the filter supports corresponding to 

the unavailable samples. 

25. The apparatus of claim 14, wherein to apply the determined adaptive loop filter to the 

reconstructed block of video data to generate the filtered block of video data, the one or more 

processors are further configured to: 

conditionally disable filtering of a particular sample of the reconstructed block of video 

data based at least in part on at least one of: 

whether a determination of a one or more gradient values for the particular 

sample includes a performance of one or more gradient calculations for the particular 

sample using one or more unavailable samples, or 

whether a determination of the gradient values for the window that covers the 

reconstructed block of video data includes a determination of one or more gradient 

values for one or more samples within the window that are outside a boundary of one 

of: the picture, the slice, the tile, or the tile group, wherein the reconstructed block of 

video data is inside the boundary. 

26. The apparatus of claim 25, wherein to conditionally disable filtering of a particular 

sample of the reconstructed block of video data is further based on a threshold. 

27. The apparatus of claim 14, wherein the apparatus comprises one or more of a camera, a 

computer, a mobile device, a broadcast receiver device, or a set-top box. 

28. A non-transitory computer-readable storage medium storing instructions that, when 

executed, cause one or more processors configured to: 

reconstruct a block of video data to create a reconstructed block of video data;

determine a plurality of gradient values for a window that covers the reconstructed 

block of video data, the window including samples of the reconstructed block of video data 

and samples that surround the reconstructed block of video data,  

wherein to determine the plurality of gradient values, the one or more processors 

are further configured to determine gradient values of a plurality of gradient directions 

for a sample in the reconstructed block of video data, 
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wherein to determine the gradient values of the plurality of gradient directions, 

the one or more processors are further configured to perform a gradient calculation of a 

gradient value of a gradient direction for the sample based at least in part on a plurality 

of neighboring samples that includes an unavailable sample,  

wherein to perform the gradient calculation, the one or more processors are 

further configured to use a sample value of an available neighboring sample that 

corresponds to the unavailable sample in place of the unavailable sample for the 

performance of the gradient calculation for the sample, and 

wherein the unavailable sample is outside of one of: a picture, a slice, a tile, or a 

tile group that includes the reconstructed block of video data;

determine an adaptive loop filter for the reconstructed block of video data based at least 

in part on the determined plurality of gradient values for the window, including the 

determined gradient values of a plurality of gradient directions for the sample; and

apply the determined adaptive loop filter to the reconstructed block of video data to 

generate a filtered block of video data, wherein to apply the determined adaptive loop filter, 

the one or more processors are further configured to determine a weighted average of a 

particular sample in the reconstructed block of video data and a sample of the filtered block 

of video data based at least in part on at least one of: 

whether a determination of one or more gradient values for the particular sample 

includes a performance of one or more gradient calculations for the particular sample 

using one or more unavailable samples, or 

whether the determination of the plurality of gradient values for the window that 

covers the reconstructed block of video data includes a determination of one or more 

gradient values for one or more samples within the window that are outside a boundary 

of one of: the picture, the slice, the tile, or the tile group, wherein the reconstructed 

block of video data is inside the boundary. 


