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CLAIMS 

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

receiving a current block of video data; and 

coding the current block of video data using bi-prediction and bi-directional optical flow, 

wherein the bi-directional flow does not include one or more of a rounding operation or a 

division by 2 in an offset calculation, wherein coding the current block includes: 

performing the offset calculation of the bi-directional optical flow using the 

following equation: 
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first reference picture list, 
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 is a horizontal gradient for a second reference picture 
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 is a vertical gradient for the first reference picture list, and 
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vertical gradient for the second reference picture list, and 

performing a motion vector refinement calculation of the bi-directional optical 

flow using the following equations: 
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correlations and the cross-correlations of the horizontal gradients and the vertical 

gradients, and −�ℎ���
�  is a threshold. 

2. The method of claim 1, wherein coding the current block of video data using bi-

prediction and bi-directional optical flow comprises: 

determining first prediction samples from the first reference picture list for each sub-

block of the current block of video data;  

determining second prediction samples from the second reference picture list for each 
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sub-block of the current block of video data; 

determining the horizontal gradients and the vertical gradients for each sub-block from 

the first prediction samples and the second prediction samples for each sub-block;  

determining the auto-correlations and the cross-correlations of the horizontal gradients 

and the vertical gradients for each sub-block; 

determining the motion refinements using the motion vector refinement calculation for 

each sub-block from the auto-correlations and the cross-correlations of the horizontal gradients 

and the vertical gradients for each sub-block; 

determining the offsets using the offset calculation for each sub-block based on the 

motion refinements, the horizontal gradients, and the vertical gradients for each sub-block;  

determining final prediction samples for each sub-block for use in bi-prediction based on 

the offsets, the first predictions samples, and the second prediction samples for each sub-block; 

and 

coding the current block of video data using the final prediction samples for each sub-

block. 

3. The method of claim 2, wherein each sub-block of the current block of video data is a 

4x4 sub-block. 

4. The method of claim 1, wherein coding comprises decoding, the method further 

comprising: 

displaying a picture that includes the coded current block of video data. 

5. The method of claim 1, wherein coding comprises encoding, the method further 

comprising: 

capturing a picture that includes the current block of video data. 

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

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

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

configured to: 
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receive the current block of video data; and 

code the current block of video data using bi-prediction and bi-directional optical flow, 

wherein the bi-directional flow does not include one or more of a rounding operation or a 

division by 2 in an offset calculation, wherein to code the current block, the one or more 

processors are configured to: 

perform the offset calculation of the bi-directional optical flow using the 

following equation: 
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vertical gradient for the second reference picture list, and 

perform a motion vector refinement calculation of the bi-directional optical flow 

using the following equations: 
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correlations and the cross-correlations of the horizontal gradients and the vertical 

gradients, and −�ℎ���
�  is a threshold. 

7. The apparatus of claim 6, wherein to code the current block of video data using bi-

prediction and bi-directional optical flow, the one or more processors are further configured to: 

determine first prediction samples from the first reference picture list for each sub-block 

of the current block of video data;  

determine second prediction samples from the second reference picture list for each sub-

block of the current block of video data; 

determine the horizontal gradients and the vertical gradients for each sub-block from the 
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first prediction samples and the second prediction samples for each sub-block;  

determine the auto-correlations and the cross-correlations of the horizontal gradients and 

the vertical gradients for each sub-block; 

determine the motion refinements using the motion vector refinement calculation for each 

sub-block from the auto-correlations and the cross-correlations of the horizontal gradients and 

the vertical gradients for each sub-block; 

determine the offsets using the offset calculation for each sub-block based on the motion 

refinements, the horizontal gradients, and the vertical gradients for each sub-block;  

determine final prediction samples for each sub-block for use in bi-prediction based on 

the offsets, the first predictions samples, and the second prediction samples for each sub-block; 

and 

code the current block of video data using the final prediction samples for each sub-

block. 

8. The apparatus of claim 7, wherein each sub-block of the current block of video data is a 

4x4 sub-block. 

9. The apparatus of claim 6, wherein the apparatus is configured to decode video data, the 

apparatus further comprising: 

a display configured to display a picture that includes the coded current block of video 

data. 

10. The apparatus of claim 6, wherein the apparatus is configured to encode video data, the 

apparatus further comprising: 

a camera configured to capture a picture that includes the current block of video data. 

11. The apparatus of claim 6, wherein the apparatus is a wireless communication device. 

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

executed, causes one or more processors of a device configured to code video data to: 

receive a current block of video data; and 
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code the current block of video data using bi-prediction and bi-directional optical flow, wherein 

the bi-directional flow does not include one or more of a rounding operation or a division by 2 in 

an offset calculation, wherein to code the current block, the instructions further cause the one or 

more processors to: 

perform the offset calculation of the bi-directional optical flow using the 

following equation: 
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perform a motion vector refinement calculation of the bi-directional optical flow 

using the following equations: 
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−�ℎ���
�  is a threshold. 

13. The non-transitory computer-readable storage medium of claim 12, wherein to code the 

current block of video data using bi-prediction and bi-directional optical flow, the instructions 

further cause the one or more processors to: 

determine first prediction samples from the first reference picture list for each sub-block 

of the current block of video data;  

determine second prediction samples from the second reference picture list for each sub-

block of the current block of video data; 

determine the horizontal gradients and the vertical gradients for each sub-block from the 
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first prediction samples and the second prediction samples for each sub-block;  

determine the auto-correlations and the cross-correlations of the horizontal gradients and 

the vertical gradients for each sub-block; 

determine the motion refinements using the motion vector refinement calculation for each 

sub-block from the auto-correlations and the cross-correlations of the horizontal gradients and 

the vertical gradients for each sub-block; 

determine the offsets using the offset calculation for each sub-block based on the motion 

refinements, the horizontal gradients, and the vertical gradients for each sub-block;  

determine final prediction samples for each sub-block for use in bi-prediction based on 

the offsets, the first predictions samples, and the second prediction samples for each sub-block; 

and 

code the current block of video data using the final prediction samples for each sub-

block. 

14. The non-transitory computer-readable storage medium of claim 13, wherein each sub-

block of the current block of video data is a 4x4 sub-block. 

15. The non-transitory computer-readable storage medium of claim 12, wherein the one or 

more processors are configured to decode video data, and wherein instructions further cause the 

one or more processors to: 

display a picture that includes the coded current block of video data. 

16. The non-transitory computer-readable storage medium of claim 12, wherein the one or 

more processors are configured to encode video data, and wherein instructions further cause the 

one or more processors to: 

capture a picture that includes the current block of video data. 


