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CLAIMS

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

determining a direction of at least one pixel of a block of pixels;

determining a metric for the at least one pixel of the block of pixels, wherein the
metric is determined based on a comparison of pixel valuegfor a subset
of the pixels in the block to the at least one pixel and wlfrein the block
of pixels is an MxN block of pixels, and wherein at [fast one of M or N
is 2 or greater;

based on the metric and the direction, determining a ffter for the at least one
pixel of the block of pixels; and

generating a filtered image by applying the filtgf to the at least one pixel of the
block of pixels.

2. The method of claim I, wherein: the girection comprises one of a horizontal

direction, a vertical direction, a 45-degregirection, and a 135-degree direction.

3. The method of claim 1, whefein determining the direction comprises comparing
a measure of horizontal activity£o a measure of vertical activity, and wherein the
horizontal activity is determjed based on comparing a pixel value of at least one pixel
in the subset to a pixel vgflie of a left neighboring pixel and a pixel value of a right

neighboring pixel, whgfrein the left neighboring pixel and the right neighboring pixel are
both in the block offpixels.

4, The pghethod of claim 3, wherein the vertical activity is determined based on
comparing a pixel value of at least one pixel in the subset to a pixel value of an upper
neighpOring pixel and a pixel value of a lower neighboring pixel, wherein the upper

boring pixel and the lower neighboring pixel are both in the block of pixels.

5. The method of claim 1, wherein the subset of pixels comprises pixels not on the

boundary of the MxN block.
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6. The methed of claim 1, wherein the block of pixels is a 4x4 block of pixels

including sixteen pixels, and wherein the subset of pixels includes four pixels.

7. The method of claim 1,
wherein determining the metric comprises:
comparing the at least one pixel to a first neighboring pixel of the
pixels;
in response to a pixel value of the at least one pixel being grgéter than a pixel
value of the first neighboring pixel, incrementing #n edge metric
variable;
in response to the pixel value of the at least one piyfl being less than the pixel
value of the first neighboring pixel, decpfmenting the edge metric
variable.
8. The method of claim 7, wherein detegfiining the metric further comprises:
comparing the at least one pixel t¢f'a second neighboring pixel of the subset of
pixels;
in response to a pixel valug/of the at least one pixel being greater than a pixel
value of the secghd neighboring pixel, incrementing the edge metric
variable;
in response to thepixel value of the at least one pixel being less than the pixel

value of the second neighboring pixel, decrementing the edge metric

left neighboring pixel and a right neighboring pixel;

a top neighboring pixel and a bottom neighboring pixel;

a bottom-left neighboring pixel and a top-right neighboring pixel; and
a top-left neighboring pixel and a bottom-right neighboring pixel.

10. The method of claim 1, wherein the method is performed by a video coding

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

device comprising a video decoder.

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

determine a direction of at least one pixel of a block of pix

values for a subset of the pixels in the blogK to the at least one
pixel and wherein the block of pixels igfan MxN block of pixels,
and wherein at least one of M or N j£2 or greater;

determine a filter for the at least one pix#i of the block of pixels based on
the metric and the direction; ghd

generate a filtered image by applyfng the filter to the at least one pixel of
the block of pixels a ipmory configured to store a filtered result
of the filter unit;

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

13. The video coding devicedt claim 12, wherein the direction comprises one of a
horizontal direction, a verticg¥ direction, a 45-degree direction, and a 135-degree

direction.

14.  The video cfding device of claim 12, wherein the filter unit determines the
direction by corgbaring a measure of horizontal activity to a measure of vertical activity,
and wherein he horizontal activity is determined based on comparing a pixel value of at

least one ghxel in the subset to a pixel value of a left neighboring pixel and a pixel value

15. The video coding device of claim 14, wherein the vertical activity is determined
based on comparing a pixel value of at least one pixel in the subset to a pixel value of an
upper neighboring pixel and a pixel value of a lower neighboring pixel, wherein the

upper neighboring pixel and the lower neighboring pixel are both in the block of pixels.
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16. The video coding device of claim 12, wherein the subset of pixels comprises

pixels not on the boundary of the MxN block.

17.  The video coding device of claim 12, wherein the block of pixels is a 4x4/block

of pixels including sixteen pixels, and wherein the subset of pixels includes fgfr pixels.

18. The video coding device of claim 12, wherein the filter unit is fiffther configured
to determine the metric by:
comparing the at least one pixel to a first neighboring pix#l of the subset of
pixels;
in response to a pixel value of the at least one pixelbeing greater than a pixel
value of the first neighboring pixel, incrgfnenting an edge metric
variable;
in response to the pixel value of the at legét one pixel being less than the pixel
value of the first neighboring pfxel, decrementing the edge metric

variable.

19.  The video coding device of gfaim 18, wherein the filter unit is further configured
to determine the metric by:
comparing the at leagfone pixel to a second neighboring pixel of the subset of
pixels;
in response to # pixel value of the at least one pixel being greater than a pixel
valug/ of the second neighboring pixel, incrementing the edge metric
1able;
in resffonse to the pixel value of the at least one pixel being less than the pixel
value of the second neighboring pixel, decrementing the edge metric

variable.
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20. The video coding device of claim 19, wherein the first neighboring pixel and the
second neighboring pixel comprise one of:

a left neighboring pixel and a right neighboring pixel;

a top neighboring pixel and a bottom neighboring pixel;

a bottom-left neighboring pixel and a top-right neighboring pixel; and

a top-left neighboring pixel and a bottom-right neighboring pixel.

21. The video coding device of claim 12, wherein the video codjfig device comprises

a video encoder.

22.  The video coding device of claim 12, wherein the yAdeo coding device comprises

a video decoder.

23.  Anapparatus comprising;:
means for determining a direction of gf least one pixel of a block of pixels;
means for determining a metric fopfhe at least one pixel of the block of pixels,
wherein the metric is dg#ermined based on a comparison of pixel values

for a subset of the pifels in the block to the at least one pixel and wherein

means for determiging a filter for the at least one pixel of the block of pixels
based oy the metric and the direction; and
means for ggherating a filtered image by applying the filter to the at least one

kel of the block of pixels.

apparatus of claim 23, wherein the direction comprises one of a horizontal

, a vertical direction, a 45-degree direction, and a 135-degree direction.
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25. The apparatus of claim 23, wherein the means for determining the metric

comprises means for comparing a measure of horizontal activity to a measure of vertic

activity, and where the means for comparing the measure of horizontal activity to t
measure of vertical activity comprises means for comparing a pixel value of at le#t one
pixel in the subset to a pixel value of a left neighboring pixel and a pixel valug/of a right
neighboring pixel, wherein the left neighboring pixel and the right neighb
both in the block of pixels.

ing pixel are

26. The apparatus of claim 25, wherein the means for compapfg the measure of
horizontal activity to the measure of vertical activity further cgfimprises means for

comparing a pixel value of at least one pixel in the subset 6 a pixel value of an upper
neighboring pixel and a pixel value of a lower neighbopfng pixel, wherein the left
neighboring pixel and the right neighboring pixel argboth in the block of pixels.
27. The apparatus of claim 23, wherein t

the boundary of the MxN block.

subset of pixels comprises pixels not on

28. The apparatus of claim 23, yherein the block of pixels is a 4x4 block of pixels

including sixteen pixels, and whgfein the subset of pixels includes four pixels.

29. The apparatus of cjiim 23,

meang/Tor 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;

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.

The apparatus of claim 29,

wherein the means for determining the metric further comprises:
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means for comparing the at least one pixel to a second neighboring pixel of the
subset of pixels;

means for incrementing the edge metric variable in response to a pixel valy€ of
the at least one pixel being greater than a pixel value of the/fecond
neighboring pixel;

means for decrementing the edge metric variable in response to tfe pixel value
of the at least one pixel being less than the pixel vajfe of the second

neighboring pixel.

31. The apparatus of claim 30, wherein the first neighborjfg pixel and the second
neighboring pixel comprise one of:
a left neighboring pixel and a right neighboringfixel;
a top neighboring pixel and a bottom neighbfring pixel,
a bottom-left neighboring pixel and a topgAight neighboring pixel; and
a top-left neighboring pixel and a botj#m-right neighboring pixel.

32.  The apparatus of claim 23, whefein the apparatus comprises a video encoder.
33. The apparatus of claim 24, wherein the apparatus comprises a video decoder.
34. A computer-readajfie storage medium having stored thereon instructions that

when executed cause gfle or more processors to:

determine adirection of at least one pixel of a block of pixels;

determin# a metric for the at least one pixel of the block of pixels, wherein the
metric is determined based on a comparison of pixel values for a subset
of the pixels in the block to the at least one pixel and wherein the block
of pixels is an MxN block of pixels, and wherein at least one of M or N
is 2 or greater;

determine a filter for the at least one pixel of the block of pixels based on the
metric and the direction; and

generate a filtered image by applying the filter to the at least one pixel of the
block of pixels.
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35. The computer-readable storage medium of claim 34, wherein the direction

comprises one of a horizontal direction, a vertical direction, a 45-degree direction, and

135-degree direction.

pixel value of at least one pixel in the subset to a pixel value of a leffneighboring pixel
and a pixel value of a right neighboring pixel, wherein the left ngfghboring pixel and the
right neighboring pixel are both in the block of pixels.
37.  The computer-readable storage medium of claigf 36, wherein the one or more
processors determine the vertical activity based on gbmparing a pixel value of at least
one pixel in the subset to a pixel value of an uppgt neighboring pixel and a pixel value
of a lower neighboring pixel, wherein the upp€r neighboring pixel and the lower
neighboring pixel are both in the block of fixels.

38.  The computer-readable storgfe medium of claim 34, wherein the subset of pixels

comprises pixels not on the boupfary of the MxN block.

39.  The computer-reaghble storage medium of claim 34, wherein the block of pixels
is a 4x4 block of pixely/including sixteen pixels, and wherein the subset of pixels

includes four pixel

comparing the at least one pixel to a first neighboring pixel of the subset of

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;
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.
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41. The computer-readable storage medium of claim 40 having stored thereon
additional instructions that when executed cause the one or more processors to
determine the metric by:
comparing the at least one pixel to a second neighboring pixel of the sybset of
pixels;
in response to a pixel value of the at least one pixel being greatgf than a pixel
value of the second neighboring pixel, incrementing/Ahe edge metric
variable;
in response to the pixel value of the at least one pixel Yfing less than the pixel
value of the second neighboring pixel, decyfmenting the edge metric

variable.

42.  The computer-readable storage medium of ¢glaim 41, wherein the first
neighboring pixel and the second neighboring pifel comprise one of:
a left neighboring pixel and a right nejhboring pixel;
a top neighboring pixel and a bottgf neighboring pixel;
a bottom-left neighboring pixel/nd a top-right neighboring pixel; and
a top-left neighboring pixel fnd a bottom-right neighboring pixel.

43. The computer-readabj storage medium of claim 34, wherein the one or more

processors perform video £ncoding.

44, The compuifr-readable storage medium of claim 34, wherein the one or more

processors perfgfm video decoding.
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CLAIMS

1. A method of video coding, the method comprising:
determining a direction of at least one pixel of a block of
pixels;
determining a metric for the at least one pixel of the block
of pixels, wherein the metric 1s determined based on a
comparison of pixel values for a subset of the pixels in
the block to the at least one pixel, wherein the block of
pixels 1s an MxN block of pixels, and wherein at least
one of M or N is 2 or greater;
based on the metric and the direction, determining a filter
for the at least one pixel of the block of pixels; and
generating a filtered 1mage by applying the filter to the at
least one pixel of the block of pixels.
2. The method of claim 1, wherein the direction comprises
one of a horizontal direction, a vertical direction, a 45-degree
direction, or a 135-degree direction.

3. The method of claim 1, wherein determining the direc-
tion comprises comparing a measure of horizontal activity to
a measure of vertical activity,

wherein the horizontal activity i1s determined based on

comparing a pixel value of at least one pixel in the subset
to a pixel value of a left neighboring pixel and a pixel
value of a right neighboring pixel, and

wherein the left neighboring pixel and the right neighbor-

ing pixel are both in the block of pixels.
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4. The method of claim 3, wherein the vertical activity is
determined based on comparing a pixel value of at least one
pixel in the subset to a pixel value of an upper neighboring
pixel and a pixel value of a lower neighboring pixel, and
wherein the upper neighboring pixel and the lower neighbor-
ing pixel are both in the block of pixels.

5. The method of claim 1, wherein the subset of pixels
comprises pixels not on the boundary of the MxN block.

6. The method of claim 1, wherein the block of pixels is a
4x4 block of pixels including sixteen pixels, and wherein the
subset of pixels includes four pixels.

7. The method of claim 1,

wherein determining the metric comprises:

comparing the at least one pixel to a first neighboring pixel

of the subset 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.

8. The method of claim 7, wherein determining the metric
further comprises:

comparing the at least one pixel to a second neighboring

pixel of the subset of pixels;

in response to a pixel value of the at least one pixel being

greater than a pixel value of the second neighboring
pixel, incrementing the edge metric variable; and
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in response to the pixel value of the at least one pixel being
less than the pixel value of the second neighboring pixel,
decrementing the edge metric variable.
9. The method of claim 1, wherein the first neighboring
pixel and the second neighboring pixel comprise one of:
a left neighboring pixel and a right neighboring pixel;
a top neighboring pixel and a bottom neighboring pixel;
a bottom-left neighboring pixel and a top-right neighbor-
ing pixel; or
a top-left neighboring pixel and a bottom-right neighbor-
ing pixel.
10. The method of claim 1, wherein the method is per-
formed by a video coding device comprising a video encoder.
11. The method of claim 1, wherein the method is per-
formed by a video coding device comprising a video decoder.
12. A video coding device comprising:
a filter unit configured to:
determine a direction of at least one pixel of a block of
pixels;
determining a metric for the at least one pixel of the
block of pixels, wherein the metric is determined
based on a comparison of pixel values for a subset of
the pixels in the block to the at least one pixel, wherein
the block of pixels 1s an MxN block of pixels, and
wherein at least one of M or N is 2 or greater;
determine a filter for the at least one pixel of the block of
pixels based on the metric and the direction; and
generate a filtered image by applying the filter to the at
least one pixel of the block of pixels; and
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a memory configured to store a filtered result of the filter

unit.

13. The video coding device of claim 12, wherein the
direction comprises one of a horizontal direction, a vertical
direction, a 45-degree direction, or a 135-degree direction.

14. The video coding device of claim 12, wherein the filter
unit determines the direction by comparing a measure of
horizontal activity to a measure of vertical activity,

wherein the horizontal activity is determined based on

comparing a pixel value of at least one pixel in the subset
to a pixel value of a left neighboring pixel and a pixel
value of a right neighboring pixel, and

wherein the left neighboring pixel and the right neighbor-

ing pixel are both in the block of pixels.

15. The video coding device of claim 14, wherein the
vertical activity is determined based on comparing a pixel
value of at least one pixel in the subset to a pixel value of an
upper neighboring pixel and a pixel value of a lower neigh-
boring pixel, and wherein the upper neighboring pixel and the
lower neighboring pixel are both in the block of pixels.

16. The video coding device of claim 12, wherein the
subset of pixels comprises pixels not on the boundary of the
MxN block.

17. The video coding device of claim 12, wherein the block
of pixels 1s a 4x4 block of pixels including sixteen pixels, and
wherein the subset of pixels includes four pixels.

18. The video coding device of claim 12, wherein the filter
unit is further configured to determine the metric by:

comparing the at least one pixel to a first neighboring pixel

of the subset 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
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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.

19. The video coding device of claim 18, wherein the filter
unit is further configured to determine the metric by:

comparing the at least one pixel to a second neighboring

pixel of the subset of pixels;

in response to a pixel value of the at least one pixel being

greater than a pixel value of the second neighboring
pixel, incrementing the edge metric variable; and

in response to the pixel value of the at least one pixel being

less than the pixel value of the second neighboring pixel,
decrementing the edge metric variable.

20. The video coding device of claim 19, wherein the first
neighboring pixel and the second neighboring pixel comprise
one of:

a left neighboring pixel and a right neighboring pixel;

a top neighboring pixel and a bottom neighboring pixel,

a bottom-left neighboring pixel and a top-right neighbor-

ing pixel; or

a top-left neighboring pixel and a bottom-right neighbor-

ing pixel.

21. The video coding device of claim 12, wherein the video
coding device comprises a video encoder.

22. The video coding device of claim 12, wherein the video
coding device comprises a video decoder.

23. An apparatus comprising:

means for determining a direction of at least one pixel of a

block of pixels;

means for determining a metric for the at least one pixel of

the block of pixels, wherein the first metric is determined
based on a comparison of pixel values for a subset of the
pixels in the block to the at least one pixel, wherein the
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block of pixels is an MxN block of pixels, and wherein
at least one of M or N is 2 or greater;

means for determining a filter for the at least one pixel of

the block of pixels based on the metric and the direction;
and

means for generating a filtered image by applying the filter

to the at least one pixel of the block of pixels.

24. The apparatus of claim 23, wherein the direction com-
prises one of a horizontal direction, a vertical direction, a
45-degree direction, or a 135-degree direction.

25. The apparatus of claim 23, wherein the means for
determining the metric comprises means for comparing a
measure of horizontal activity to a measure of vertical activ-
ity,

wherein the means for comparing the measure of horizon-

tal activity to the measure of vertical activity comprises
means for comparing a pixel value of at least one pixel in
the subset to a pixel value of a left neighboring pixel and
a pixel value of a right neighboring pixel, and

wherein the left neighboring pixel and the right neighbor-

ing pixel are both in the block of pixels.

26. The apparatus of claim 25,

wherein the means for comparing the measure of horizon-

tal activity to the measure of vertical activity further
comprises means for comparing a pixel value of at least
one pixel in the subset to a pixel value of an upper
neighboring pixel and a pixel value of a lower neighbor-
ing pixel, and wherein the left neighboring pixel and the
right neighboring pixel are both in the block of pixels.

27. The apparatus of claim 23, wherein the subset of pixels
comprises pixels not on the boundary of the MxN block.

28. The apparatus of claim 23, wherein the block of pixels
is a 4x4 block of pixels including sixteen pixels, and wherein
the subset of pixels includes four pixels.
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29. The apparatus of claim 23,

wherein the means for determining the metric comprises:

means for comparing the at least one pixel to a first neigh-
boring pixel of the subset of pixels;

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.

30. The apparatus of claim 29,

wherein the means for determining the metric further com-
prises:

means for comparing the at least one pixel to a second
neighboring pixel of the subset of pixels;

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

means for decrementing the edge metric variable in
response 1o the pixel value of the at least one pixel being
less than the pixel value of the second neighboring pixel.

31. The apparatus of claim 30, wherein the first neighbor-

ing pixel and the second neighboring pixel comprise one of:

a left neighboring pixel and a right neighboring pixel;

a top neighboring pixel and a bottom neighboring pixel;

a bottom-left neighboring pixel and a top-right neighbor-
ing pixel; or

a top-left neighboring pixel and a bottom-right neighbor-
ing pixel.

32. The apparatus of claim 23, wherein the apparatus com-

prises a video encoder.
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33. The apparatus of claim 23, wherein the apparatus com-
prises a video decoder.

34. A non-transitory, computer-readable storage medium
having stored thereon instructions that when executed cause
one or more processors to:

determine a direction of at least one pixel of a block of

pixels;

determine a metric for the at least one pixel of the block of

pixels, wherein the metric is determined based on a
comparison of pixel values for a subset of the pixels 1n
the block to the at least one pixel, wherein the block of
pixels 1s an MxN block of pixels, and wherein at least
one of M or N is 2 or greater;

determine a filter for the at least one pixel of the block of

pixels based on the metric and the direction; and
generate a filtered image by applying the filter to the at least
one pixel of the block of pixels.

35. The non-transitory, computer-readable storage
medium of claim 34, wherein the direction comprises one of
a horizontal direction, a vertical direction, a 45-degree direc-
tion, and a 135-degree direction.

36. The non-transitory, computer-readable storage
medium of claim 34, wherein the one more processors deter-
mine the direction by comparing a measure of horizontal
activity to a measure of vertical activity and determine the
horizontal activity based on comparing a pixel value of at
least one pixel 1n the subset to a pixel value of a left neigh-
boring pixel and a pixel value of a right neighboring pixel, and
wherein the left neighboring pixel and the right neighboring
pixel are both in the block of pixels.

37. The non-transitory, computer-readable storage
medium of claim 36, wherein the one or more processors
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determine the vertical activity based on comparing a pixel
value of at least one pixel in the subset to a pixel value of an
upper neighboring pixel and a pixel value of a lower neigh-
boring pixel, and wherein the upper neighboring pixel and the
lower neighboring pixel are both in the block of pixels.

38. The non-transitory, computer-readable storage
medium of claim 34, wherein the subset of pixels comprises
pixels not on the boundary of the MxN block.

39. The non-transitory, computer-readable storage
medium of claim 34, wherein the block of pixels is a 4x4
block of pixels including sixteen pixels, and wherein the
subset of pixels includes four pixels.

40. The non-transitory, computer-readable storage
medium of claim 34, having stored thereon additional instruc-
tions that when executed cause the one or more processors to
determine the metric by:

comparing the at least one pixel to a first neighboring pixel

of the subset 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.

41. The non-transitory, computer-readable storage
medium of claim having stored thereon additional instruc-
tions that when executed cause the one or more processors to
determine the metric by:

comparing the at least one pixel to a second neighboring

pixel of the subset of pixels;

in response to a pixel value of the at least one pixel being

greater than a pixel value of the second neighboring
pixel, incrementing the edge metric variable; and
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in response to the pixel value of the at least one pixel being
less than the pixel value of the second neighboring pixel,
decrementing the edge metric variable.

42. The non-transitory, computer-readable storage
medium of claim 41, wherein the first neighboring pixel and
the second neighboring pixel comprise one of:

a left neighboring pixel and a right neighboring pixel;

a top neighboring pixel and a bottom neighboring pixel,

a bottom-left neighboring pixel and a top-right neighbor-

ing pixel; or

a top-left neighboring pixel and a bottom-right neighbor-

ing pixel.

43. The non-transitory, computer-readable storage
medium of claim 34, wherein the one or more processors
perform video encoding.

44. The non-transitory, computer-readable storage
medium of claim 34, wherein the one or more processors
perform video decoding.



