PCT/US 2012/026 154 - 26-04-2013

FH6IWO 67 Clean Version

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,
the first metric is determined bascd on comparing pixel valuegfof the
group of pixels to pixel Valueé of the block of pixels; |
determining a second metric for the group of pixels, wherein thf second metric
comprises a direction metric determined based on paring 4 measure

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

£ activity for the group of pixels;
based on the first mefric and the second metric, defrmining a filter;
generating a filtered image by applying the filtgf to the group of pixels.
2. The method of claim 1, wherein the firstfmetric comprises an activity metric.
3. The method of claim 2, wherein th€ activity metric comprises a sum-modified
Laplacian value.
4, The method of claim 1, yherein determining the second metric for the group of
pixels comprises detenmining/a direction for the group of pixels, wherein determining
the direction for the groupfof pixels comprises:
e in respounse to e measure of horizontal activity being greater than the measure

direction than in the vertical direction;

infesponse 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 claiim 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 nieasure 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 basef 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 comprigfs a 4x4 block of
pixels.
o~
9. The method of claim 1, wherein the group of pixe}f comprises one pixel.
10. The method of claim 1, wherein the video efcoder implements a Quadiree-based

Adaptive Loop Filter (QALF) scheme with mulple filters.

11.  The method of claim 1, wherein th# method is performed by a video coding

device comprising a video encodor.

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

device comprising a video dgfoder.

13. A video coding/device comprising;:

P

a filter unit£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'oﬁpixels to pixel values of the block of
pixels; o

determine a second metric for the group of pixels, wherein the second
metric comprises a dilffection metric determined based on
comparing a measure bf horizontal activity for the group of pixels
to a measure of velﬁcgal activity for the group of pixels;

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

generate a filtered image by applying the Hiter 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 melric.

15, The video coding device of claim 14, wherein the activity metric comppyfses a

sum-modified Laplacian value.

16.  The video coding device of claim 13, wherein the filter unit igflurther configurcd

to determinc the sccond metric for the group of pixels by determnigfng a direction for the

Py
I k1

group of pixels, wherein the filter unit determines the directiog/for the group of pixels
by:
in response to the measure of horizontal activity Yeing greater than the measure
of vertical activity, determining the digbction is equal to a first direction
indicating that the pixel values are fhanging more in the horizontal
direction than in the vertical diggttion;
in response to the measure of verticgl activity being greater than the measure of
horizontal activity, detergfining the direction is equal to a second
direction indicating thgf ‘pixel values are changing more in the vertical

direction than in t orizontal direction.

17. The video coding defice of claim 13, wherein the filter unit determinces the
< measure of horizontal acfvity based on comparing a pixel value of a current pixel to a

pixel value of a left ngfighboring pixel and a pixel value of a right neighboring pixel.

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

measure of ykrtical activity based on comparing a pixel value of a current pixel to a

ased 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 comprnsesfne

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

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

encading device.

24, The video coding device of claim 13, wherejf the filter unit is a part of a video

. decoding device..

25 An apparatus comprising:
means for determining 2 first mgfric for a group of pixels within a block of
pixels, wherein the mfans for d;eterrnining the first metric comiarises
means for determipfing the first metric based on comparing pixel values
of the group of pixels to pixel values of the block of pixels;
means for determinjfig a second metricf for the group of pixels, wherein the

I
second mftric comprises a direttion metiic, and wherein the means for

deterpfining the second metric tomprises means for determining the
segbnd metric based on compax!'ing a measure of horizontal activity for
e group of pixelsto a measurg‘: of vertical activity for the group of
pixels;
pleans for determining a filter based 0151 the first metric and the second metric;
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.
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27. The apparatus of claim 26, wherein the activity metric comprises a sum-

modified Laplacian value.

comprises:

means for determining the direction i equal to a first direction/hdicating that

29. The apparatus of claim 25, whereipf the measure of horizontal activity is

determined based on comparing a pixgfvalue of a current pixel to a pixel value ol a Left
ncighboring pizel and a pixel valuefhf a right neighboring pixel.

|

30. The apparatus of claigf 25, wherein the measure of vertical activity is determined
based on comparing a pixgl value of a current pixel to 2 pixel value of an upper

neighboring pixet and pi:;cel value of lower neighboring pixel.

31. The appgfatus of claim 26, wherein tﬂe activity metric is determined based on a
surn of the myphsure of horizonta! activity ancii the measure of vertical activity.
|

e apparatus of claim 25, wherein thie group of pixels comprises a 4x4 block of

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 apparatus comprises a video coding

device comprising a video encoder,

36.  The apparatus of claim 25, wherein the apparatus comprises a video codjfig

device comprising a video decoder.

37. A computer-readable storage medium having stored thereon ing#ructions that

when executed cause one or MOre processors t‘o:
determine a first metric for a group of pixels within a blg€k of pixels, wherein
{ . the first metric is determined bijlsed on compying pixel values of the
group of pixels to pixel values of the blockfof pixels;
determine a second metric for the group of pixfls, wherein the second metric
comprises a direction metric determphed based on comparing a measure
of horizontal activity for the grogh of pixels to a measure of vertical
activity for the group of pixe
determine a filter based on the [irgf metric and the second metric;
generate a filtered image by ap$lying the filter to the group of pixels.

38.  The computer-readable glorage medium of claim 37, wherein the first metric
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xecuted cause the ong or more profbﬂssors to determining the second metric
oup of pixels by detcrmining a direct::ion for the group of pixels, wherein
ining the direction for the group of pix%:ls comprises:

in response to the measure of ]1011'7:011&5’:1] activity being greater than the measure
of vertical activity, detennininé the direction is equal to a first direction
indicating that the pixel valuesjare changing more in the horizontal

direction.than in the vertical direction;
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in response to (he measure of vertical activity being greater than the measure of
horizontal activity, delerminiqg the direction is equali to a second
direction indicating that pixel values are changing more in the vertica

direction than in the horizontal direction.

#1.  The computer-readable storage medivm of claim 37, wherein the megfsure of
horizontal activity is determined based on corinparing a pixel value of a

pixel value of a left neighboring pixel and a pixel value of a right nei
H

42. The computer-readable storage medium of claim 37, wjfrein the measwre of
vertical activity is determined based on comparing a pixel viue of a current pixel to a

pixel value of an upper neighboring pixel and a pixel vajfe of lower neighboring pixel.

43. ‘The computer-readable storage medium of£laim 38, wherein the activity metric
is determined based on a sum of the measure ojhorizontal activity and the measure of

vertical activity.

44,  The computer-readable storaggmedium of claim 37, wherein-the group of pixels

comprises a 4x4 hlock of pixels.

45. The computer-readabffe storage medium of claim 37, wherein the group of pixels
comprises one pixel.
46. The compuyfr-readable storage medium of claim 37, wherein the one or more
processors implginent a Quadtree-based Adaptive Loop Filter (QALF) scheme with
multiple fiit
47, he computer-readable storage medium of claim 37, wherein the one or more
progessors perform video encoding. ‘

The computer-readable storage mediuim of claim 37, wherein the one or more

48.

processors perform video decoding.

3
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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 1image 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 L
Z Z|2R(z‘+k, JHD—RU+k=1,j+D—Ri+k+1, j+I+
k=—K {=-L

|I2R(i+k, j+ D)~ R(i+k, j+I-1)—R(i+£k, j+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 1and j represent pixel coordinates of the
pixel data, R(i,)) represents a given pixel value at coor-
dinates 1 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(1,j) defined according to the following equation:
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var(i, j) =

K L
Z Z|2R(i+k,j+l)—R(i+k--l,j+l)—R(i+k+l,j+£|+
k=K {=—L

RPRE+K, j+D—R(I+k j+I-1)—RE+k, j+i1+ 1)

wherein k represents a value of a summation from -K to K
and | 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 1 and j represent pixel coordinates of the
pixel data, R(1,]) represents a given pixel value at coor-
dinates 1 and j, and var(i,j) is the activity metric.

16. The video coding device of claim 13, wherein the filter
unit 1s 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 ofthe 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 1s a part of a video encoding device.

24. The video coding device of claim 13, wherein the filter
unit 1s a part of a video decoding device.

235. 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(ij) defined
according to the following equation:

K L
Z ZIZR(E+!<, JHD—RU+k=1, j+D—RGi+k+1, j+1 +

I2RG+k, j+D—RG+k, j+1—=1)=Ri+k, j+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 1 and j represent pixel coordinates of the

pixel data, R(1,j) represents a given pixel value at coor-
dinates 1 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 L

> > Rk, jHD-Ri+k—1, j+D=RE+k+1, j+1+
k==K I=—L

2R+ Kk, j+D—RUi+k, j+I-1D)—R{Ui+k, j+1+1)
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wherein k represents a value of a summation from -K to K
and | represents a value of a summation from -L to L for
a two-dimensional window that spans from ~K to K and
-I.1o L, wherein 1 and j represent pixel coordinates of the
pixel data, R{i,j) represents a given pixel value at coor-
dinates 1 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 1s 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.



