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Amended Set of Claims 1 to 48 

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

determining a first metric for a group of pixels within a block of pixels, 	• erein 

the first metric is determined based on comparing pixel value of the 

group of pixels to pixel values of the block of pixels; 

determining a second metric for the group of pixels, wherein 	second metric 

comprises a direction metric determined based on . 	paring a measure 

of horizontal activity for the group of pixels to a 	easure of vertical 

activity for the group of pixels; 

based on the first metric and the second metric, d- - -mining a filter; 

generating a filtered image by applying the filtt to the group of pixels. 

2.  The method of claim I, wherein the firs • etric comprises an activity metric. 

3.  The method of claim 2, wherein r 	activity metric comprises a suni-Modified 

Laplacian value. 

4.  The method of claim 1, 	erein determining the second metric for the group of 

pixels comprises detenninin a direction for the group of pixels, wherein determining 

the direction for the grou,  of pixels comprises: 

in response to 	e measure of horizontal activity being greater than the measure 

ofv 	ical activity, determining the direction is equal to a first direction 

mating that the pixel values are changing more in the horizontal 

direction than in the vertical direction; 

in esponse to the measure of vertical activity being greater than the measure of 

horizontal activity, determining the direction is equal to a second 

direction indicating that pixel values are changing more in the vertical 

direction than in the horizontal direction. 

5.  The method of claim 1, wherein the measure of horizontal activity is determined 

based on comparing a pixel value of a current pixel to a pixel value of a left neighboring 

pixel and a pixel value of a right neighboring pixel. 
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6.  The method of claim 1, wherein the Measure of vertical activity is determined 

based on comparing a pixel value of a current pixel to a pixel value of an upper 

neighboring pixel and a pixel value of lower neighboring pixel: 

7.  The method of claim 2, wherein the activity metric is determined bas 	on a sum 

of the measure of horizontal activity and the measure of vertical activity. 

8.  

pixels. 

The method of claim 1, wherein the group of pixels compri 	s a 4x4 block of 

9.  The method of claim 1, wherein the group of pixe 	comprises one pixel. 

10.  The method of claim 1, wherein the video 	coder implements a Quadtree-based 

Adaptive Loop Filter (QALF) scheme with mul 	filters. 

11.  The method of claim I, wherein 	method is performed by a video coding 

device comprising a video encoder. 

12.  The method of claim 1, 	erein the method is performed by a video coding 

device comprising a video d 	odes. 

13.  A video codin device comprising: 

a filter uni 	onfigured to: 

. -termine a 'first metric for a group of pixels within a block of pixels, 

wherein the first metric is determined based on comparing pixel 

values of the group of pixels to pixel values of the block of 

pixels; 

determine a second metric for the group of pixels, wherein the second 

metric comprises a direction metric determined based on 

comparing a measure bf horizontal activity for the group of pixels 

to a measure of vertical activity for the group ofpixels; 

determine a filter based on the first metric and the second metric; 

generate a filtered image by applying the filter to the group of pixels; 
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a memory configured to store a filtered result of the filter unit. 

14. The video coding device of claim 13, wherein the first metric comprises an 

activity metric. 

15. The video coding device of claim 14, wherein the activity metric comp ses a 

sum-modified Laplacian value. 

16. The video coding device of claim 13, wherein the filter unit 	rther configured 

to determine the second metric for the group of pixels by detenni r. i g a direction for the 

group of pixels, wherein the filter unit determines the directio 	or the group of pixels 

by: 

in response to the measure of horizontal activity eing greater than the measure 

of vertical activity, determining the d 	'ction is equal to a first direction 

indicating that the pixel values are 	i anging more in the horizontal 

direction than in the vertical dir 	ion; 

in response to the measure of vertic 	activity being greater than the measure of 

horizontal activity, dete 	• 	g the direction is equal to a second 

direction indicating tI 	'pixel values are changing more in the vertical 

direction than in t • i orizontal direction. 

17. The video coding d 	ace of claim 13, wherein the filter unit determines the 

measure of horizontal ac vity based on comparing a pixel value of a current pixel to a 

pixel value of a left n• ghboring pixel and a pixel value of aright neighboring pixel. 

18. The vid o coding device of claim 13, wherein the filter unit determines the 

measure of 	-rtieal activity based on comparing a pixel value of a current pixel to a 

pixel val • of an upper neighboring pixel and a pixel value of lower neighboring pixel. 

19 	The video coding device of claim 14, wherein the activity metric is determined 

iased on a sum of the measure of horizontal activity and the measure of vertical 

activity. 
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20. The video coding device of claim 13, wherein the group of pixels comprises a 

4x4 block of pixels. 

21. The video coding device of claim 13, wherein the group of pixels comprises ine 

pixel. 

22. The video coding device of claim 13, wherein the video coding de 	ce 

implements a Quadtree-based Adaptive Loop Filter (QALF) scheme w • multiple 

filters. 

23. The video coding device of claim 13, wherein the flit- unit is a part of a video 

encoding device. 

24. The video coding deviCe of claim 13, where' 	the filter unit is a part of a video 

. 	decoding device.. 

25. An apparatus comprising: 

means for determining a first m 	'c for a group of pixels within a block of 

pixels, wherein the 	ans for determining the first metric comprises 

means for determ 	mg the first metric based on comparing pixel values 

of the group of sixels to pixel values of the block of pixels; 

means for determi 	g a second metric for the group of pixels, wherein the 

second •• -tric comprises a direbtion metric, and wherein the means for 

deter 	wing the second metric comprises means for determining the 

se• • d metric based on comparing a measure of horizontal activity for 

4* e group of pixels to a measure of vertical activity for the group of 

pixels; 

3 Bans for determining a filter based oh the first metric and the second metric; 

means for generating a filtered image by applying the filter to the 	of group 

pixels. 

26. The apparatus of claim 25, wherein the first metric.comprises an activity metric. 
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27. Tho apparatus of claim 26, wherein the 

modified Laplacian value. 

activity metric comprises a sum- 

28. The apparatus of claim 25, wherein the means for determining the second i 1 •fric 

for the group of pixels comprises means for c eterrnining a direction for the gro 	of  

pixels, wherein the means for determining the direction for the group of pix 

equal to a first directio i 	dicating that 

comprises. 

means for determining the direction i$ 

the pixel values are changing more in the horizon a . nection than in the 

vertical direction in response to the measure of 	zontal activity being 

greater than the measure of vertical activity; 

means for determining the direction is equal to a 	cond direction indicating that 

pixel values are changing more in. the v 	cal direction than in the 

horizontal direction in responJe tot 	measure of vertical activity being 

greater than the measure of ho 	tal activity. 

29. The apparatus of claim 25, where: 	he measure of horizontal activity is 

determined based on comparing a pix 	value of a current pixel to a pixel value of a left 

neighboring pixel and a pixel'valu 	a right neighboring pixel. 
I 

30. The apparatus of c ai r 25, wherein the measure of vertical activity is determined 

based on comparing a pi 	value of a current pixel to a pixel value of an upper 

neighboring pixel and 	pixel value of lower neighboring pixel. 	• 

31. The app. 	tus of claim 26, wherein the activity metric is determined based on a 

sum of the n 	sure of horizontal activity anc the measure of vertical activity. 

1 

32. e apparatus of claim 25, wherein tile group of pixels comprises a 4x4 block of 

pix...  
[ 

33. The apparatus of claim 25, wherein the group of pixels comprises one pixel. 

34. The apparatus of claim 25, wherein the apparatus implements a Quadtree-based 

Adaptive Loop Filter (QALF) scheme with multiple filters. 
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35. The apparatus of claim 25, wherein the 

Clean Version 

apparatus comprises a video coding 

apparatus comprises a video cod 	g 

device comprising a video encoder. 

36. The apparatus of claim 25, wherein the 

device comprising a video decoder. 

37. A computer-readable storage medium having stored thereon i s ..vetions that 

when executed cause one or more processors to: 

determine a first metric for a group of pixels within a bl 	k of pixels, wherein 

the first metric is determined based on comp• 	• g pixel values of the 

group of pixels to pixel values of the bloc; of pixels; 

determine a second metric for the group of pi 	s, wherein the second metric 

comprises a direction metric dete • 	ed based on comparing a measure 

of horizontal activity for the gro 	of pixels to a measure of vertical 

activity for the group of pixe 

determine a filter based on the fir- metric and the second metric; 

generate a filtered image-  by a p 	ying the 

38. The computer-readable 	orage medium 

comprises an activity metric 

39. The computer- 	adable storage medium 

comprises a sum- I sdified Laplacian value. 

40. The • .mputer-readable storage medimn 

filter to the group of pixels. 

of claim 37, wherein the first metric 

of claim 38, wherein the activity metric 

of claim 37, storing further instructions 

that whe 	xecuted cause the one or more prdbessors to determining the second metric 

for th - 9 oup of pixels by determining a direction for the group of pixels, wherein 

de 	ing the direction for the group of pixOs comprises: 

in response to the measure of horizontal 

of vertical activity, determining 

indicating that the pixel values 

activity being greater than the measure 

the direction is equal to a first direction 

are changing more in the horizontal 

direction than in the vertical direction; 
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in response to the measure of Vertical activity being greater than the measure of 

horizontal activity, determining the direction is equal to a second 

direction indicating that pixel values are changing more in the vet ca 

direction than in the horizontal direction. 

41. The computer-readable storage meditim of claim 37, 

horizontal activity is determined based on comparing a pixel 

wherein them:.ure of 

value of a 	4 rrent pixel to a 

pixel value of a left neighboring pixel and a pixel value of a 
i 

right nei t i boring pixel. 

! 

42. The computer-readable storage medium of claim 37, 

vertical activity is determined based on comparing a pixel v 

- rein   the measure of 

ue of a current pixel to a 

pixel value of an upper neighboring pixel and a pixel va • e of lower neighboring pixel. 

43. The computer-readable storage medium of 	aim 38, wherein the activity metric 

is determined based on a sum of the measure o 	orizontal activity and the measure of 

vertical activity. 

44. The computer-readable storat medium of claim 37, 

comprises a 4x4 block of pixels. 

wherein.the group of pixels 

45. The computer-reada r. e storage medium of claim 37, 

comprises one pixel. 

wherein the group of pixels 

46. The comp 	-readable storage medium of claim 37, wherein the one or more 

processors impl= dent a Quadtree-based Adaptive Loop Filter (QALF) scheme with 

multiple felt. 

47. he computer-readable storage medium of claim 37, 

processors perform video encoding. 

wherein the one or more 

48. The computer-readable storage medium of claim 37, wherein the one or more 

processors perform video decoding. 
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CLAIMS 

1. A method of video coding, the method comprising: 
determining a first metric for a group of pixels within a 

block of pixels, wherein the first metric is determined 
based on comparing pixel values of the group of pixels to 
pixel values of the block of pixels; 

determining a second metric for the group of pixels, 
wherein determining the second metric comprises deter- 
mining a direction of the group of pixels from a set of 
directions, wherein the set of directions includes a hori-
zontal direction, a vertical direction, a 45-degree direc-
tion, and a 135-degree direction; 

based on the first metric and the second metric, determin-
ing a filter; and 

generating a filtered image by applying the filter to the 
group of pixels. 

2. The method of claim 1, wherein the first metric com-
prises an activity metric. 

3. The method of claim 2, wherein the activity metric 
comprises a sum-modified Laplacian value, wherein the sum- 
modified Laplacian value comprises var(i,j) defined accord-
ing to the following equation: 

var(i, j) = 

K E 	12R(i+k, j+1)—R(i+k-1,j+1)—R(i+k+1, j+11+ 
k=-K =-L 

12R(1  + k, j +1)— R(i+ k, j +1-1)— R(i+ k, j+1+1)1 
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wherein k represents a value of a summation from -K to K 
and 1 represents a value of a summation from -L to L for 
a two-dimensional window that spans from -K to K and 
-L to L, wherein i and j represent pixel coordinates of the 
pixel data, R(i,j) represents a given pixel value at coor-
dinates i and j, and var(i,j) is the activity metric. 

4. The method of claim 1, wherein determining the second 
first metric for the group of pixels comprises: 

comparing at least one pixel of the group of pixels to a first 
neighboring pixel within the block of pixels; 

in response to a pixel value of the at least one pixel being 
greater than a pixel value of the first neighboring pixel, 
incrementing an edge metric variable; and 

in response to the pixel value of the at least one pixel being 
less than the pixel value of the first neighboring pixel, 
decrementing the edge metric variable. 

5. The method of claim 1, wherein the first metric is deter-
mined based on comparing a pixel value of at least one pixel 
of the group of pixels to a pixel value of a left neighboring 
pixel within the block of pixels and a pixel value of a right 
neighboring pixel within the block of pixels. 

6. The method of claim 1, wherein the first metric is deter-
mined based on comparing a pixel value of at least one pixel 
of the group of pixels to a pixel value of an upper neighboring 
pixel within the block of pixels and a pixel value of lower 
neighboring pixel within the block of pixels. 

7. The method of claim 2, wherein the activity metric is 
determined based on a sum of the measure of horizontal 
activity and the measure of vertical activity. 

8. The method of claim 1, wherein the group of pixels 
comprises a 4x4 block of pixels. 
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9. The method of claim 1, wherein the group of pixels 
comprises one pixel. 

10. The method of claim 1, wherein the method of video 
coding implements a Quadtree-based Adaptive Loop Filter 
(QALF) scheme with multiple filters. 

11. The method of claim 1, wherein the method is per-
formed by a video coding device comprising a video encoder. 

12. The method of claim 1, wherein the method is per-
formed by a video coding device comprising a video decoder. 

13. A video coding device comprising- 
a filter unit configured to: 

determine a first metric for a group of pixels within a 
block of pixels, wherein the first metric is determined 
based on comparing pixel values of the group of pix-
els to pixel values of the block of pixels; 

determine a second metric for the group of pixels, 
wherein the second metric comprises a direction 
selected from a set of directions, wherein the set of 
directions includes a horizontal direction, a vertical 
direction, a 45-degree direction, and a 135-degree 
direction; 

determine a filter based on the first metric and the second 
metric; and 

generate a filtered image by applying the filter to the 
group of pixels; and 

a memory configured to store a filtered result of the filter 
unit. 

14. The video coding device of claim 13, wherein the first 
metric comprises an activity metric. 

15. The video coding device of claim 14, wherein the 
activity metric comprises a sum-modified Laplacian value, 
and wherein the sum-modified Laplacian value comprises 
var(i,j) defined according to the following equation: 
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var(i, j). 

K 

E 	12R(i+k,j+1)—R(i+k-1,j+1)—R(i+k+1,j+11+ 
k=-Kt= L 

12R(i + k, j +1)— R(i+ k, j +1-1)— R(i+k, j+1+1)1 

wherein k represents a value of a summation from -K to K 
and 1 represents a value of a summation from -L to L for 
a two-dimensional window that spans from -K to K and 
-L to L, wherein i and j represent pixel coordinates of the 
pixel data, R(i,j) represents a given pixel value at coor-
dinates i and j, and var(i,j) is the activity metric. 

16. The video coding device of claim 13, wherein the filter 
unit is further configured to determine the first metric for the 
group of pixels by: 

comparing at least one pixel of the group of pixels to a first 
neighboring pixel within the block of pixels; 

in response to a pixel value of the at least one pixel being 
greater than a pixel value of the first neighboring pixel, 
incrementing an edge metric variable; and 

in response to the pixel value of the at least one pixel being 
less than the pixel value of the first neighboring pixel, 
decrementing the edge metric variable. 

17. The video coding device of claim 13, wherein the filter 
unit determines the first metric based on comparing a pixel 
value of at least one pixel of the group of pixels to a pixel value 
of a left neighboring pixel within the block of pixels and a 
pixel value of a right neighboring pixel within the block of 
pixels. 
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18. The video coding device of claim 13, wherein the filter 
unit determines the first metric based on comparing a pixel 
value of at least one pixel of the group of pixels to a pixel value 
of an upper neighboring pixel within the block of pixels and 
a pixel value of lower neighboring pixel within the block of 
pixels. 

19. The video coding device of claim 14, wherein the 
activity metric is determined based on a sum of the measure of 
horizontal activity and the measure of vertical activity. 

20. The video coding device of claim 13, wherein the group 
of pixels comprises a 4x4 block of pixels. 

21. The video coding device of claim 13, wherein the group 
of pixels comprises one pixel. 

22. The video coding device of claim 13, wherein the video 
coding device implements a Quadtree-based Adaptive Loop 
Filter (QALF) scheme with multiple filters. 

23. The video coding device of claim 13, wherein the filter 
unit is a part of a video encoding device. 

24. The video coding device of claim 13, wherein the filter 
unit is a part of a video decoding device. 

25. An apparatus comprising: 
means for determining a first metric for a group of pixels 

within a block of pixels, wherein the means for deter-
mining the first metric comprises means for determining 
the first metric based on comparing pixel values of the 
group of pixels to pixel values of the block of pixels; 

means for determining a second metric for the group of 
pixels, wherein the second metric comprises a direction 
selected from a set of directions, wherein the set of 
directions includes a horizontal direction, a vertical 
direction, a 45-degree direction, and a 135-degree direc-
tion; 
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means for determining a filter based on the first metric and 
the second metric; and 

means for generating a filtered image by applying the filter 
to the group of pixels. 

26. The apparatus of claim 25, wherein the first metric 
comprises an activity metric. 

27. The apparatus of claim 26, wherein the activity metric 
comprises a sum-modified Laplacian value, and wherein the 
sum-modified Laplacian value comprises var(i,j) defined 
according to the following equation: 

var(i, j) = 

K 

E 	12R(i+k,j+1)—R(i+k-1,j+1)—R(i+k+1, j+11+ 
k=-K 1=-L 

12R(i + k, j +1)— R(i+k, j +1— 1) - R(i+ k, j +1+ el 

wherein k represents a value of a summation from -K to K 
and 1 represents a value of a summation from -L to L for 
a two-dimensional window that spans from -K to K and 

-L to L, wherein i and j represent pixel coordinates of the 
pixel data, R(i,j) represents a given pixel value at coor-
dinates i and j, and var(i,j) is the activity metric. 

28. The apparatus of claim 25, wherein the means for 
determining the first metric for the group of pixels comprises: 

means for comparing at least one pixel of the group of 
pixels to a first neighboring pixel within the block of 
pixels; 
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means for incrementing an edge metric variable in 
response to a pixel value of the at least one pixel being 
greater than a pixel value of the first neighboring pixel; 
and 

means for decrementing the edge metric variable in 
response to the pixel value of the at least one pixel being 
less than the pixel value of the first neighboring pixel. 

29. The apparatus of claim 25, wherein the first metric is 
determined based on comparing a pixel value of at least one 
pixel of the group of pixels to a pixel value of a left neigh-
boring pixel within the block of pixels and a pixel value of a 
right neighboring pixel within the block of pixels. 

30. The apparatus of claim 25, wherein the first metric is 
determined based on comparing a pixel value of at least one 
pixel of the group of pixels to a pixel value of an upper 
neighboring pixel within the block of pixels and a pixel value 
of lower neighboring pixel within the block of pixels. 

31. The apparatus of claim 26, wherein the activity metric 
is determined based on a sum of the measure of horizontal 
activity and the measure of vertical activity. 

32. The apparatus of claim 25, wherein the group of pixels 
comprises a 4x4 block of pixels. 

33. The apparatus of claim 25, wherein the group of pixels 
comprises one pixel. 

34. The apparatus of claim 25, wherein the apparatus 
implements a Quadtree-based Adaptive Loop Filter (QALF) 
scheme with multiple filters. 

35. The apparatus of claim 25, wherein the apparatus com-
prises a video coding device comprising a video encoder 

36. The apparatus of claim 25, wherein the apparatus com-
prises a video coding device comprising a video decoder. 
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37. A non-transitory, computer-readable storage medium 
having stored thereon instructions that when executed cause 
one or more processors to: 

determine a first metric for a group of pixels within a block 
of pixels, wherein the first metric is determined based on 
comparing pixel values of the group of pixels to pixel 
values of the block of pixels; 

determine a second metric for the group of pixels, wherein 
the second metric comprises a direction selected from a 
set of directions, wherein the set of directions includes a 
horizontal direction, a vertical direction, a 45-degree 
direction, and a 135-degree direction; 

determine a filter based on the first metric and the second 
metric; and 

generate a filtered image by applying the filter to the group 
of pixels. 

38. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the first metric comprises an 
activity metric. 

39. The 	non-transitory, 	computer-readable 	storage 
medium of claim 38, wherein the activity metric comprises a 
sum-modified Laplacian value, and where in the sum-modi- 
fied Laplacian value comprises var(i,j) defined according to 
the following equation: 

var(i, j) = 

K 

12R(i+k, j +1)— R(i+k-1, j +1)— R(i+k+1, j +II+ 
Ic=—K 1=—L 

12R(i + k, j + 1) — R(i + k, j + 1— 1) — R(i + k, j + 1 + 1)1 
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wherein k represents a value of a summation from -K to K 
and 1 represents a value of a summation from -L to L for 
a two-dimensional window that spans from -K to K and 
-L to L, wherein i and j represent pixel coordinates of the 
pixel data, R(i,j) represents a given pixel value at coor- 
dinates i and j, and var(i,j) is the activity metric. 

40. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, storing further instructions that when 
executed cause the one or more processors to determining the 
first metric for the group of pixels by: 

comparing at least one pixel of the group of pixels to a first 
neighboring pixel within the block of pixels; 

incrementing an edge metric variable in response to a pixel 
value of the at least one pixel being greater than a pixel 
value of the first neighboring pixel; and 

decrementing the edge metric variable in response to the 
pixel value of the at least one pixel being less than the 
pixel value of the first neighboring pixel. 

41. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the first metric is determined 
based on comparing a pixel value of at least one pixel of the 
group of pixels to a pixel value of a left neighboring pixel 
within the block of pixels and a pixel value of a right neigh-
boring pixel within the block of pixels. 

42. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the first metric is determined 
based on comparing a pixel value of at least one pixel of the 
group of pixels to a pixel value of an upper neighboring pixel 
within the block of pixels and a pixel value of lower neigh- 
boring pixel within the block of pixels. 

43. The 	non-transitory, 	computer-readable 	storage 
medium of claim 38, wherein the activity metric is deter-
mined based on a sum of the measure of horizontal activity 
and the measure of vertical activity. 
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44. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the group of pixels comprises a 
4x4 block of pixels. 

45. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the group of pixels comprises 
one pixel. 

46. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the one or more processors 
implement a Quadtree-based Adaptive Loop Filter (QALF) 
scheme with multiple filters. 

47. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the one or more processors 
perform video encoding. 

48. The 	non-transitory, 	computer-readable 	storage 
medium of claim 37, wherein the one or more processors 
perform video decoding. 


