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Amended Set of Claims 1 to 40

1. A method of encoding video data comprising:
determ.ining a quantization matrix that includes a plurality of vatues,
dovmsampling a first set of values in the quantization matrix by a first
downsampling factor to generate a first set of downsampled values, wherein the first set
of values includes oaly the value at location (0,0) of the quantization matripf, and
wherein the first downsampling factor is 1;
determining a second downsampling facior based on a locatigh of a second set of
values in the quantization matrix, wherein the second downsamplfhyg factor is
- determined to be one of 2 and 4; .
downsampling the second set of values in the quangation matrix by the second
downsampling factor to generate a second set of downsgpfnpled values; and
generating a coded bitstream that includes thyffirst set of downsampled values

and the second set of downsampled values.
2. Cancelled
i Cancelled

4, The method of ¢laim

. m

a first transition point in the quantization matrix, wherein valucs

the first transition point and an origin of the quantization matrix are not

the second transition point; _

determining a third trangition point in the quantization matrix, wherein the
second set of values in the quantization matrix are located between the second transition
point angd the third transition point; and '
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signaling the first, second, and third transition points, and the first and second

downsampling factors in the coded bitstrean,

6. = The method of claim 1, further comprising:

7. The method of claim 1,

- wherein downsampling the second set of values ip/he quantization matrix

8. The method of ¢laim 1, further
performing a prediction procegd on a block of video data to form a block of
residual video data; _
transforming the residugfvideo data to form a block of transform coetlicients;
quantizing vatues of ansform coefficients in the block of transform coefficients

according to the quantizagon matrix to form quantized transform coefficients; and
9. of decoding video data comprising:

upsampling a first set of downsampled values in the quantization matrix by a
firgfupsampling factor to generate a first set of values, wherein the first set of
ownsampled values includes only the value at location (0,0) of the quantization matrix, -
and wherein the first upsampling factor is 1;

determining a second upsampling factor based on a location of a second sct of
downsampled values in the quantization matrix, wherein the second npsampling factor

is determined to be one of 2 and 4;
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upsampling the second set of downsampled values in the quantization matrix by
the second upsampling factor to generate a second set of values; and

inverse quantizing a block of transform coefficients with the first and seco

sels of values.
10, Cancelled
11, Cancelled

12. The method of claim 9,

wherein the quantization matrix has & size of 16x 14 or 32x32.

13.  The method of claim 9, further comprising:
determining a first transition point in the fuantization matrix, wherein values of
the quantization matrix located between the ffst transition point and an origin of the

quantization matrix are not downsampled;
first set of downsampled values in tfe quantization matrix are located between the first

transition point and the second tyénsition point;

d the third fransition point; and

st, second, and third transition points, and the first and second

ng the scan order in the first and second sets of downsampled values, wherein
downsampled values in the first set may be used to predict downsampled values in the
second sct.

15. The method of elaim 9,

ftigh, 20.08.2013 23:26.15 - 25,08.2013 23:33:15. This page 12 ot AMENDED SHEET Zo13 233141
eeived at the EPO on Aug 29, 2013 23:33:15. Page 12 of 18

3 20/08/2013,



 Prinled: 18/09/2013 - CLMSPAMD US2012063943
FROM {THUYAUG 29 2013 18:18/5T. 16:01/No. 7500000821 P 22
PCT/US 2012/063 943 - 29-08-2

120463W0 Clcan Version

47

4 wherein upsampling the second sel of values in the xiuanﬁzation matrix
comnprises replicaling a downsampled value in the second set of downsampled values
for a second number of the second set of values, wherein the second mumber is

dctermined from the second upsampling factor.

16.  The method of claim @, wherein different upsampling techniques gfe used to

upsample the first and second set of downsampled values.

17.  The method of claim 9, wherein at least of the first and sgeond set of values is

upsampled using bilinear interpolation,

PN

18.  The method of claim 9, further comprising:
inverse transforming the inverse quantized Wock of transform coefficients to

form a residual block of video data; and

ferforming a prediction process on thf residual block of video data to form a
decoded block of video data.

19. An apparatus configured to #ode video data comprising:
a video encoder confi to:
determine a qyfntization matrix that includes a plurality of values;

downsamp)é€ a first set of values in the quantization matrix by a first

determin3 a second downsampling factor based on a location of a second
sei/bf values in the quantization matrix, wherein the second downsampling
actor is determined to be ohe of 2 and 4;
downsample the second set of values in the quantization matrix by the
gecond do'wnsmnpling factor to generate a second set of downsampled values;
and
generate a coded bitstrenm that includes the first set of downsampled

values and the second set of downsampled values.

20, Cancelled
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21.  Cancelled

22.  The apparatus of claim 19, -

wherein the quantization matrix has a size of 16x16 or 32x32,

23.  The apparatus of claim 19, wherein the video encoder is further cophipured to;
determine a first transition point in the quantization matrix, whefein values
located between the first transition point and an origin of the quantigétion matrix are not
. downsampled;

N determine a second transition point in the quantization/matrix, wherein the first

set of values in the quantization matrix are located betweepfthe first transition point and
the second transition point;

determine a third transition point in the quan#zation matrix, whetein the second
set of values in the quantization matrix are locatgd between the second transition point
and the third transition point; and

signal the first, second, hnd third tgghnsition points, and the first and second
downsampling factors in the coded bitgfeam.

24, The apparatus of claim 19 wherein the video encoder is further configured to:
predict one of the dowfsampled values along a scan order in the Hrst and second

sets of downsampled valug€ from a previous downsampled value along the scan order in

the first and second sefy/of downsampled values, wherein downsampled values in the

& m\%\\

first set may be useg/to predict downsampled values in the sccond set.

25,  The apparatus of claim 19,

whgfein downsampling the second set of values in the quantization matrix
comprigfs averaging a second number of quantization matrix values in the second set of
valugh 1o generate values in the second set of downsampled values, wherein the second

ber is determined from the second downsampling factor,

26.  The apparatys of claim 19, wherein the video encoder is further ccnﬁgured_toz

perform a prediction process on a block of video data to forrm a block of residual
video data;
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transforin the residual video data to form a block of transform coefficients;
quantize values of transform eoetlicients in the block of transform coefficients
according to the quantization matrix to torm quantized transform coefficients; and

entropy code the quantized transform coefficients into the coded bitstream.

27, A aﬁparatus configured to decode video data comprising:
a video decoder configured to:
receive a quantization matrix coded with downsampled yélues in a coded
bitstream;
upsample a first set of downsampled values in thefuantization matrix by
- a first upsampling factor to generate a first set of vatugd, whercin the first set of
downsampled values includes only the value at logghon (0,0) of the quantization
matrix, and wherein the first upsampling factor)
determine a second upsampling factg/hased on a lncation of a second set
of downsampled values in the quantizatigh matrix, wherein the second
upsampling factor is determined to bene of 2 and 4;
unsample the second set of fownsampled values in thé quantization
matrix by the second upsampling factor to generate a second set of values; and
inverse quantize a blg€k of transform coefficients with the first and

second sets of values,
28. Cancelled

29. Cancelled

P

30,  The apbaratus of claim 27,

whyfein the quantization matrix hes a size of 16x16 or 32x32.

The apparatus of claim 27, wherein the video decoder is further configured to:
determine a first transition point in the quantization matrix, wherein values of
the quantization matrix located between the first transition point and an origin of the
quantization matrix arc not downsampled;
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determine a second transition point in the quantization matrix, wherein the first |
set of downsampled values in the quantization matrix are located between the first
transition pomt and thc second transition point;
determine a third transition point in the quantlzatlon matrix, wherein thefecond

set of downsampled valucs in the quantization matrix are locatcd between the/second
transition point and the third transition point; and
 receive the first, second, and third trangition points, and the firgfand second

downsampling factors in the coded bitstream.

32, The apparatus of claim 27, wherein the video decodepAs further configured to: .

T
00

predict each successive one of the downsampled yflues along a scan order in the
firat and second sets of downsampled values from a pgfvious downsampled value along
the scan order in the first and second sets of downsgmpled values, wherein
downsampled values in the first set may be usedfo predict downsampled values in the

second set.

33. The appmaﬁs of claim 27,

wherein upsampling the seg#fnd set of values in the quantization matrix
comprises replicating a downsapfpled value in the second set of downsampled values
for a second number ot the g d set of values, wherein the second number is

determined from the secopf upsampling factor.

The apparatus of claim 27, wherein the video decoder is fiwther configured to:
inverse transforro the inverse quantized block of transform coctficients to form a
residual block of video data; and

perform a prediction process on the residual block of video dsta to form a
decoded block of video data. -
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37.  An apparatus configured to encode video data comprising:

means for determining a quantization matrix that includes a plurality of values,

means for.downsampling a first set of values in the quantization matrix by st
downsampling factor to generate a first set of downsampled values, wherein thefirst set
of values includcs only the valuc at location (0,0) of the quantization matrix, And
whetein the first downsampling factor is 1; ‘

means for determining a second downsampling factor based on/ location of a
second set of values in the quantization metrix, wherein the second Aownsampling
factor is detenmined to be one of 2 and 4;

means for downsampling the second set of values in {fe quantization matrix by
the second downsampling factor to generate a second set g downsampled values; and

means for generating a cpdcd bitstream that ingfudes the first set of

downsampled values and the second set of downsapfpled values.

38.  An apparatus configured to decode vjfeo data comprising:
means for receiving a quantizatiop/matrix coded with downsampled values in a

coded bitstream;

means for upsampling a firg/set of downsampled values in the quantization

second set of dow pled values in the quantization matrix, wherein the second
upsampling facir is determined to be one of 2 and 4;
meang for upsampling the second get of downsampled values in the quantization
matrix byfhe second upsampling factor to generate a second set of values; and
eans for inverse quantizing a block of transform cocfficients with the first and
secgnd sets of values,

39. A computcr-rcadable storage medium storing instructions that, when executed,

cause one or more processors of a device configured to encode video data to:
determine a quantization matrix that inclodes a plurality of values;
downsample a first set of values in the quantization matrix by a first

downsampling factor to generate a first set of downsampled values, whercin the first set
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of values includes only the value at location (0,0) of lﬁe quaniizalion matrix, and
wherein the first downsampling factor is 1;

determine a second downsampling factor based on a location of a second sgk of
valucs in the quantization matrix, wherein the second downsampling factor is 4
determined to be onc of 2 and 4;

downsample the second set of values in the quantization matrix bfhe second
downsampling factor to generate a second set of downsampled valuegfand

generate a coded bitstream that includes the first set of dowfisampled values and

the sccond set of downsampled values,

40. A computer-readable storage medium storing insffictions that, when executed,
cause one or more processors of a device configured (f decode video data to:

receive a quantization matrix coded with dgfvngampled valuesin a coded
bitstream;

upsample a first set of downsampled#alues in the quantization matrix by a first
upsampling factor to generate a first set of values, wherein the first set of downsampled
values includes only the value at loca n (0,0) of the quantization matrix, and wherein
the first upsampling factor is 1; '

determine a second upsgMmpling factor based on a location of a second set of
downsampled values in the gfiantization matrix, wherein the second upsampling factor
is determined to be one of2 and 4;
I upsample the g€cond set of downsampled values in the guantization matrix by
the second upsampMng factor to generate a second set of values; and

inverse gliantize a block of transform coefficients with the first and second sets

of values,
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CLAIMS

L. A method of encoding video data by hardware comprising:

determining a quantization matrix that includes a plurality of values, wherein
the quantization matrix is used to quantize transform coefficients;

determining a first downsampling factor based on a location of a first set of
values in the quantization matrix, wherein the first set of values includes the value at
location (0,0) of the quantization matrix;

determining a second downsampling factor based on a location of a second set
of values in the quantization matrix;

downsampling the first set of values in the quantization matrix by the first
downsampling factor to generate a first set of downsampled values;

downsampling the second set of values in the quantization matrix by the
second downsampling factor to generate a second set of downsampled values; and

generating a coded bitstream that includes the first set of downsampled values

and the second set of downsampled values.

2. The method of claim 1,

wherein the quantization matrix has a size of 16x16 or 32x32.

3. The method of claim 1, wherein the first downsampling factor is determined to

be 1, and wherein the second downsampling factor is determined to be one of 2 and 4.

4. The method of claim 1, further comprising:

determining a first transition point in the quantization matrix, wherein values
located between the first transition point and an origin of the quantization matrix are
not downsampled;

determining a second transition point in the quantization matrix, wherein the
first set of values in the quantization matrix are located between the first transition

point and the second transition point;



45

determining a third transition point in the quantization matrix, wherein the
second set of values in the quantization matrix are located between the second
transition point and the third transition point; and

signaling the first, second, and third transition points, and the first and second

downsampling factors in the coded bitstream.

5. The method of claim 1, further comprising:

predicting one of the downsampled values along a scan order in the first and
second sets of downsampled values from a previous downsampled value along the
scan order in the first and second sets of downsampled values, wherein downsampled

values in the first set may be used to predict downsampled values in the second set.

6. The method of claim 1, wherein downsampling the first set of values in the
quantization matrix comprises averaging a first number of quantization matrix values
in the first set of values to generate values in the first set of downsampled values,
wherein the first number is determined from the first downsamling factor, and

wherein downsampling the second set of values in the quantization matrix
comprises averaging a second number of quantization matrix values in the second set
of values to generate values in the second set of downsampled values, wherein the

second number is determined from the second downsampling factor.

7. The method of claim 1, further comprising:

performing a prediction process on a block of video data to form a block of
residual video data;

transforming the residual video data to form a block of transform coefficients;

quantizing values of transform coefficients in the block of transform
coefficients according to the quantization matrix to form quantized transform
coefficients; and

entropy coding the quantized transform coefficients into the coded bitstream.
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8. A method of decoding video data by hardware comprising:

receiving a quantization matrix coded with downsampled values in a coded
bitstream;

determining a first upsampling factor based on a location of a first set of
downsampled values in the quantization matrix, wherein the first set of downsampled
values includes the value at location (0,0) of the quantization matrix;

determining a second upsampling factor based on a location of a second set of
downsampled values in the quantization matrix;

upsampling the first set of downsampled values in the quantization matrix by
the first upsampling factor to generate a first set of values;

upsampling the second set of downsampled values in the quantization matrix
by the second upsampling factor to generate a second set of values; and

inverse quantizing a block of transform coefficients with the first and second

sets of values.

9. The method of claim 8,

wherein the quantization matrix has a size of 16x16 or 32x32.

10.  The method of claim 8, wherein the first upsampling factor is determined to be

I, and wherein the second upsampling factor is determined to be one of 2 and 4.

11, The method of claim 8, further comprising:

determining a first transition point in the quantization matrix, wherein values
of the quantization matrix located between the first transition point and an origin of
the quantization matrix are not downsampled;

determining a second transition point in the quantization matrix, wherein the
first set of downsampled values in the quantization matrix are located between the first
transition point and the second transition point;

determining a third transition point in the quantization matrix, wherein the
second set of downsampled values in the quantization matrix are located between the

second fransition point and the third transition point; and
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receiving the first, second, and third transition points, and the first and second

downsampling factors in the coded bitstream.

12.  The method of claim 8, further comprising:

predicting each successive one of the downsampled values along a scan order
in the first and second sets of downsampled values from a previous downsampled
value along the scan order in the first and second sets of downsampled values, wherein
downsampled values in the first set may be used to predict downsampled values in the

second set.

13.  The method of claim 8, wherein upsampling the first set of values in the
quantization matrix comprises replicating a downsampled value in the first set of
downsampled values for a first number of the first set of values, wherein the first
number is determined from the first upsampling factor, and

wherein upsampling the second set of values in the quantization matrix
comprises replicating a downsampled value in the second set of downsampled values
for a second number of the second set of values, wherein the second number is

determined from the second upsampling factor.

14, The method of claim 8, wherein different upsampling techniques are used to

upsample the first and second set of downsampled values.

15. The method of claim 8, wherein at least of the first and second set of values is

upsampled using bilinear interpolation.

16.  The method of claim 8, further comprising:

inverse transforming the inverse quantized block of transform coefficients to
form a residual block of video data; and

performing a prediction process on the residual block of video data to form a

decoded block of video data.
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An apparatus configured to code video data comprising:
a memory configured to store the video data; and
a video encoder configured to:

determine a quantization matrix that includes a plurality of values,
wherein the quantization matrix is used to quantize transform coefficients;

determine a first downsampling factor based on a location of a first set
of values in the quantization matrix, wherein the first set of values includes the
value at location (0,0) of the quantization matrix;

determine a second downsampling factor based on a location of a
second set of values in the quantization matrix;

downsample the first set of values in the quantization matrix by the

first downsampling factor to generate a first set of downsampled values;

downsample the second set of values in the quantization matrix by the
second downsampling factor to generate a second set of downsampled values;
and

generate a coded bitstream related to the video data that includes the

first set of downsampled values and the second set of downsampled values.

The apparatus of claim 17,

wherein the quantization matrix has a size of 16x16 or 32x32.

The method of claim 17, wherein the first downsampling factor is determined

to be 1, and wherein the second downsampling factor is determined to be one of 2 and

4,

20.

The apparatus of claim 17, wherein the video encoder is further configured to:

determine a first transition point in the quantization matrix, wherein values

located between the first transition point and an origin of the quantization matrix are

not downsampled;

determine a second transition point in the quantization matrix, wherein the first

set of values in the quantization matrix are located between the first transition point

and the second transition point;
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determine a third transition point in the quantization matrix, wherein the
second set of values in the quantization matrix are located between the second
transition point and the third transition point; and

signal the first, second, and third transition points, and the first and second

downsampling factors in the coded bitstream.

21. The apparatus of claim 17, wherein the video encoder is further configured to:
predict one of the downsampled values along a scan order in the first and

second sets of downsampled values from a previous downsampled value along the

scan order in the first and second sets of downsampled values, wherein downsampled

values in the first set may be used to predict downsampled values in the second set.

22.  The apparatus of claim 17, wherein downsampling the first set of values in the
quantization matrix comprises averaging a first number of quantization matrix values
in the first set of values to generate values 1n the first set of downsampled values,
wherein the first number is determined from the first downsampling factor, and

wherein downsampling the second set of values in the quantization matrix
comprises averaging a second number of quantization matrix values in the second set
of values to generate values in the second set of downsampled values, wherein the

second number is determined from the second downsamling factor.

23.  The apparatus of claim 17, wherein the video encoder is further configured to:
perform a prediction process on a block of video data to form a block of
residual video data;
transform the residual video data to form a block of transform coefficients;
quantize values of transform coefficients in the block of transform coefficients
according to the quantization matrix to form quantized transform coefficients; and

entropy code the quantized transform coefficients into the coded bitstream.

24, An apparatus configured to decode video data comprising:
a memory configured to store the video data; and

a video decoder configured to:
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26,
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receive a quantization matrix coded with downsampled values in a
coded bitstream of the video data;

determine a first upsampling factor based on a location of a first set of
downsampled values in the quantization matrix, wherein the first set of
downsampled values includes the value at location (0,0) of the quantization
matrix;

determine a second upsampling factor based on a location of a second
set of downsampled values in the quantization matrix;

upsample the first set of downsampled values in the quantization

matrix by the first upsampling factor to generate a first set of values;

upsample the second set of downsampled values in the quantization
matrix by the second upsampling factor to generate a second set of values; and

inverse quantize a block of transform coefficients with the first and

second sets of values.

The apparatus of claim 24,

wherein the quantization matrix has a size of 16x16 or 32x32.

The method of claim 24, wherein the first upsampling factor is determined to

be 1, and wherein the second upsampling factor is determined to be one of 2 and 4.

27.

The apparatus of claim 24, wherein the video decoder is further configured to:

determine a first transition point in the quantization matrix, wherein values of

the quantization matrix located between the first transition point and an origin of the

quantization matrix are not downsampled;

determine a second transition point in the quantization matrix, wherein the first

set of downsampled values in the quantization matrix are located between the first

transition point and the second transition point;

determine a third transition point in the quantization matrix, wherein the

second set of downsampled values in the quantization matrix are located between the

second transition point and the third transition point; and
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receive the first, second, and third transition points, and the first and second

downsampling factors in the coded bitstream.

28.  The apparatus of claim 24, wherein the video decoder is further configured to:
predict each successive one of the downsampled values along a scan order in
the first and second sets of downsampled values from a previous downsampled value
along the scan order in the first and second sets of downsampled values, wherein
downsampled values in the first set may be used to predict downsampled values in the

second set.

29.  The apparatus of claim 24, wherein upsampling the first set of values in the
quantization matrix comprises replicating a downsampled value in the first set of
downsampled values for a first number of the first set of values, wherein the first
number is determined from the first upsampling factor, and

wherein upsampling the second set of values in the quantization matrix
comprises replicating a downsampled value in the second set of downsampled values
for a second number of the second set of values, wherein the second number is

determined from the second upsampling factor.

30.  The apparatus of claim 24, wherein different upsampling techniques are used

to upsample the first and second set of downsampled values.

31.  The apparatus of claim 24, wherein at least of the first and second set of values

is upsampled using bilinear interpolation.

32.  The apparatus of claim 24, wherein the video decoder is further configured to:
inverse transform the inverse quantized block of transform coefficients to form
a residual block of video data; and

perform a prediction process on the residual block of video data to form a

decoded block of video data.
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33.  Anapparatus configured to encode video data comprising;

means for determining a quantization matrix that includes a plurality of values,
wherein the quantization matrix is used to quantize transform coefficients;

means for determining a first downsampling factor based on a location of a
first set of values in the quantization matrix, wherein the first set of values includes the
value at location (0,0) of the quantization matrix;

means for determining a second downsampling factor based on a location of a
second set of values in the quantization matrix;

means for downsampling the first set of values in the quantization matrix by
the first downsampling factor to generate a first set of downsampled values;

means for downsampling the second set of values in the quantization matrix by
the second downsampling factor to generate a second set of downsampled values; and

means for generating a coded bitstream that includes the first set of

downsampled values and the second set of downsampled values.

34, An apparatus configured to decode video data comprising:

means for receiving a quantization matrix coded with downsampled values in a
coded bitstream;

means for determining a first upsampling factor based on a location of a first
set of downsampled values in the quantization matrix, wherein the first set of
downsampled values includes the value at location (0,0) of the quantization matrix;

means for determining a second upsampling factor based on a location of a
second set of downsampled values in the guantization matrix;

means for upsampling the first set of downsampled values in the quantization
matrix by the first upsampling factor to generate a first set of values;

means for upsampling the second set of downsampled values in the
quantization matrix by the second upsampling factor to generate a second set of
values; and

means for inverse quantizing a block of transform coefficients with the first

and second sets of values.
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35. A computer-readable storage medium storing instructions that, when executed,
cause one or more processors of a device configured to encode video data to:

determine a quantization matrix that includes a plurality of values, wherein the
quantization matrix is used to quantize transform coefficients;

determine a first downsampling factor based on a location of a first set of
values in the quantization matrix, wherein the first set of values includes the value at
location (0,0) of the quantization matrix;

determine a second downsampling factor based on a location of a second set of
values in the quantization matrix;

downsample the first set of values in the quantization matrix by the first
downsampling factor to generate a first set of downsampled values;

downsample the second set of values in the quantization matrix by the second
downsampling factor to generate a second set of downsampled values; and

generate a coded bitstream that includes the first set of downsampled values

and the second set of downsampled values.

36. A computer-readable storage medium storing instructions that, when executed,
cause one or more processors of a device configured to decode video data to:

receive a quantization matrix coded with downsampled values in a coded
bitstream;

determine a first upsampling factor based on a location of a first set of
downsampled values in the quantization matrix, wherein the first set of downsampled
values includes the value at location (0,0) of the quantization matrix;

determine a second upsampling factor based on a location of a second set of
downsampled values in the quantization matrix;

upsample the first set of downsampled values in the quantization matrix by the
first upsampling factor to generate a first set of values;

upsample the second set of downsampled values in the quantization matrix by
the second upsampling factor to generate a second set of values; and

inverse quantize a block of transform coefficients with the first and second sets

of values,



