EXHIBIT E-6
KARCZEWICZ | AND KARCZEWICZ 11
RENDERS OBVIOUS U.S. PATENT NO. 11,805,267

As described in the following claim chart, claims 1-36 of U.S. Patent No. 11,805,267 (the “’267 patent”) are invalid in view of US
Patent Application Publication 2011/0007799 (“Karczewicz 1”), entitled ‘“Non-Zero Rounding and Prediction Mode Selection
Techniques in Video Encoding,” published on January 13, 2011. Karczewicz I was filed July 9, 2009, and is prior art under at least 35
U.S.C. § 102 (e). Claims 1-36 of the 267 patent are invalid in view of US Patent Application Publication 2009/0257499 (“Karczewicz
I1”), entitled “Advanced Interpolation Techniques for Motion Compensation in Video Coding,” published on October 15, 2009.
Karczewicz 11 was filed April 8, 2009, and is prior art under at least 35 U.S.C. 8§ 102(a)/(b)/(e).

Karczewicz 1 and Karczewicz II are analogous art in the same field as the 267 patent because they are directed to video
encoding/decoding, motion prediction, and H.264. Karczewicz | teaches block-based techniques for motion prediction, including bi-
directional predictions calculated by averaging predictions based on two reference blocks, which may be calculated using sub-pixel
interpolation, as set forth in further detail below. See Karczewicz I, 135, 41-44, 55-60. Karczewicz Il reduced rounding inaccuracies
with interpolated pixels by maintaining higher precision for intermediate values while delaying rounding until later in the process. See
Karczewicz Il, 1110, 39, 53, 59, 93-106. Karczewicz Il further discloses generating half-pixel values, storing the half-pixel values as
non-rounded versions and combining them based on the non-rounded versions of the half-pixel values and the integer pixel values. See
Karczewicz 11, 1117, 96-108.

A PHOSITA would have been motivated to combine Karczewicz II’s interpolation disclosures and teachings with the bi-prediction
models and related disclosures of Karczewicz | for numerous reasons.

First, Karczewicz I and Karczewicz II’s similarities would have motivated a POSITA to implement teachings from Karczewicz | and
Karczewicz Il using their common architecture, combining prior art elements according to known methods. Karczewicz | and
Karczewicz Il are Qualcomm patent applications by the same inventors. Both apply their teachings to similar video-coding architectures.
See Karczewicz I, 112, 29-50 and FIG. 1; Karczewicz Il, 112, 40-53 and FIG. 1. Both are directed to block-based H.264 motion
prediction. See Karczewicz I, 1135, 41-44, 55-60; Karczewicz I, 118, 35-36, 46, 54. Both teach a video decoder that performs

To the extent that these Invalidity Contentions rely on or otherwise embody particular constructions of terms or phrases in the Asserted
Claims, Respondents are not proposing any such constructions as proper constructions of those terms or phrases. Various positions put
forth in this document are predicated on Complainants’ incorrect and overly broad interpretation of its claims. Those positions are not
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intended to and do not necessarily reflect Respondents’ interpretation of the true and proper scope of Complainants’ claims, and
Respondents reserve the right to adopt claim construction positions that differ from or even conflict with various positions put forth in
this document.

motion compensation for block-based decoding. See Karczewicz I, 189 and FIG. 4; Karczewicz Il, Fig. 3 and  63. Karczewicz | teaches
bi-prediction techniques for H.264 with two motion vectors pointing to two blocks of pixels that are averaged together. See Karczewicz
I, 1135, 44, 60. Beyond integer pixels, Karczewicz Il teaches that H.264 motion vectors can also point to fractional sub-pixels (See
Karczewicz Il at paragraphs 56-58, 93-102) and Karczewicz Il teaches improved calculations for averaging interpolated pixel values,
where rounding is delayed until later in the process, thereby maintaining higher precision for intermediate calculations. See Karczewicz
I, 1910, 20-24, 39, 93-106. Therefore, Karczewicz Il provides complementary teachings that improve Karczewicz | by reducing
rounding inaccuracies. See Karczewicz 11, 1139, 53, 59 and 102.

Second, a PHOSITA would have been motivated to use Karczewicz II’s known techniques to improve similar devices/methods, as taught
by Karczewicz I, in the same way to improve prediction accuracy. Karczewicz | and Karczewicz Il both encompass motion prediction
calculations that average interpolated pixel values. Karczewicz Il teaches an improved calculation for averaging two half-pixel values
in bi-directional prediction. See Karczewicz 11, 11101, 103, 163-166; FIG. 4D. The calculations taught by Karczewicz Il correspond to
the calculations used for Karczewicz I’s bi-predicted pixel values when applied to integer and sub-pixel values. And it would have had
predictable results because it applies teachings from Karczewicz 1l to corresponding mathematical calculations used for Karczewicz I,
using similar video codec architectures.

Third, a PHOSITA would have recognized the applicability of Karczewicz Il to the corresponding calculations in Karczewicz I, which
was a simple matter given the level of ordinary skill. Notably, a POSITA would have understood fundamental computer logic concepts
(e.g., binary arithmetic, bit shifting, precision control, rounding and offsetting, and error analysis) and mathematical calculations for
known motion estimation and compensation techniques (e.g., bi-directional prediction, determination and use of motion vectors,
interpolation for fractional pixels) because they are integral to working with video codecs. Karczewicz | teaches that the inter-predictive
coding process includes interpolation used in H.264, providing express teaching, suggestion, and motivation (“TSM”) to combine with
known interpolation teachings. See Karczewicz I, §41. Karczewicz 1l teaches optimizations for interpolating and averaging half pixels
which may be applied during inter-coding including bi-directional prediction in accordance with H.264. See Karczewicz Il, 151,54,
56-58, 60, 93-102.

Fourth, the combination would not have changed the principle of operation of either reference, but merely includes the use Karczewicz
II’s known techniques to improve Karczewicz I’s similar devices or methods in the same way. See Karczewicz I, 1129-50, 53, FIG. 1
and FIG. 2; Karczewicz 11, 1140-54, 56, FIG. 1 and FIG.2. Given the similarities between Karczewicz | and Karczewicz I, a POSITA
would have understood that Karczewicz II’s techniques are readily applicable to Karczewicz I. Moreover, the combination merely

Nokia Exhibit 2006, p. 2
Snap/Hisense v. Nokia
IPR2025-01375



changes when rounding occurs for calculations that already included rounding. See Karczewicz I, 160 and FIG. 2; Karczewicz I, 1196-
106. This minor implementation detail would not have changed the principle of operation of Karczewicz | or Karczewicz Il.

Fifth, a PHOSITA would have had a reasonable expectation of success because the combination applies the math behind Karczewicz
II’s improved calculations to Karczewicz I’s bi-directional prediction without further modification to reduce a rounding error that occurs
in bi-directional prediction. Consistent with this, Karczewicz 1l that its disclosed interpolation techniques are applicable to bi-prediction
(Karczewicz 11, §54), and further discloses that “keep[ing] the highest possible precision through the intermediate steps” and avoiding
“any shifting, rounding and clipping operations[] until the very last step of the interpolation process.” See Karczewicz 11, 1153, 59, 99,
102. Furthermore, a POSITA would have been more than capable of applying Karczewicz II’s teachings because Karczewicz II's
calculations involve basic mathematic and logical operations (e.g., addition and bit-shifting) that were well known or taught in high-
school or undergraduate-level courses, and basic video codec operations that were a core part of industry work in video codecs.

The Combination of Karczewicz | and Karczewicz 11

H.264 includes interpolated fractional pixel positions. Karczewicz Il explains that H.264 calculates predictions for half-pixel positions
using 6-tap filters that interpolate the sub-pixel based on nearby pixels in the same row (e.g., half-pixel “b”) or column (e.g., half-pixel
“h™). Karczewicz II, 74, 993-94, Fig. 4A-4B:
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FIG. 4B

This process involved two steps. First, the filter multiplied the six pixels in the row (or column) by filter values and added the products
together to produce a non-rounded prediction (e.g., b1):

b1=C1-5*C2+20*C3+20*C4—-5*C5+C6

Second, the result was rounded, e.g., right-shifted (“>>") producing rounded prediction b:
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b=max (0, min(255, (b1+16)>>5))
Karczewicz 11, 1193-4, Fig. 4B.

For half-pixel positions in the center of four integer pixels (e.g., j), interpolation was applied in two rounds: first to interpolate a middle
row of half-pixels, second to interpolate that middle row into the center-pixel, applying the using the same 6-tap interpolation filter and
two-step process described above to the interpolated middle row. Karczewicz 11, 195, Fig. 4C.

For quarter-pixel predictions, Karczewicz |1 averaged the two nearest integer or half-pixel predictions as explained above. Karczewicz
I, 1996-97. Karczewicz II teaches an improvement by “keep[ing] the highest possible precision through the intermediate steps” and
avoiding “any shifting, rounding and clipping operations[] until the very last step of the interpolation process.” Karczewicz I, 199, 1102,
110, 139, 153, 159.

The combination of Karczewicz I and Karczewicz Il teach three different calculation scenarios that render the claims of the *267 patent
obvious. In particular, Karczewicz | teaches weighted bi-directional prediction that averages two predictions based on two reference
blocks (e.g., predO(i,j), predi(i,j)) with an offset (e.g., +1), including a default mode (Karczewicz I, 155) with equal weights that performs
a simple average. Karczewicz I, 160:

pred(i,j)=(pred0(i,j)+predl(i,j)+1)>>1

Karczewicz |, 1158-60. Because H.264 allows motion vectors to point to integer pixels or fractional pixels/subpixels (Karczewicz I, 141;
Karczewicz 11, 1193-102, 1156-58), the predictions pred0(i,j) and pred1(i,j) encompass scenarios that include integer pixel prediction, a
half-pixel prediction, or a center-pixel prediction, and Karczewicz-I calculates an average of these pixel values.

Consistent with H.264, Karczewicz | teaches that the inter-predictive coding process includes interpolation, providing express teaching,
suggestion, and motivation to combine with known interpolation teachings. Karczewicz I, 141. Karczewicz 1l teaches optimizations for
interpolating and averaging integer, half-, and center-pixels, which a POSITA would have been motivated to apply to at least three
scenarios for Karczewicz I’s teachings.

Scenario 1 (with the first motion vector pointing to a half-pixel position and the second motion vector pointing to an integer pixel
position). Beyond integer pixels, Karczewicz Il explains how, for H.264, motion vectors can also point to half-pixel positions
(Karczewicz 11, 1193-102, 1156-58), which therefore teaches or suggests the default weighted prediction calculated as an average of a
half-pixel and integer pixel. See Karczewicz I, 160, 155; Ex-1003, {151.
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Karczewicz 11 teaches an improved calculation for averaging a half-pixel value with an integer pixel value. See Karczewicz I, 196, Fig.
4D. Karczewicz Il first explains the conventional calculation for averaging two numbers. Karczewicz I, Fig. 4D, Table 1:

TABLE 1

a=(C3+b+1)>>1
c=(C4+b+1)>>1
d=(C3+h+1)>>1
l=(D3+h+1)>>1

Karczewicz Il improves this conventional approach by replacing the equations in Table 1 with those in Table 3, where the pixel values
are combined at a higher precision. Karczewicz 1, 99. The integer pixel value (e.g., C3) is multiplied by 32 (left-shifted 5 bits), taking
its precision from 8 to 13 bits. Karczewicz |1, Table 5. Instead of using a rounded 8-bit half-pixel (e.g., b), Karczewiczll delays the
rounding step and instead uses a non-rounded half-pixel prediction (e.g., bl) that is 15 bits. Id. These pixel values are combined, along
with a rounding offset of 32, before rounding to reduce the precision at the end, e.g., shifting 6 bits to the right (“>>6"). Id., Table 3:

TABLE 3

a=(C3<<5+bl+32)>>6
c=(C4<<5+bl+32)>>6
d=(C3<<5+hl+32)>>6
|=(D3<<S5+hl+32)>>6
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TABLE 5

The operations for this improved approach are shown in Table 5 of Karczewicz Il. Karczewicz |1, 1103, Table 5:

positions {a, c, d, |} of FIGS. 4A-4D

Min Max Register

Operation Comment value value size
rl=x rl is integer pixel X 0 255 8u
rl=rl<<5 rlis32*x 0 8160 13u
r2 =yl r2 is yO (y0 is a one- -2550 10710 15s

dimensional (1-D)

half-pixel such as bl, hl, eel

and hhl before shifting down)
rl=rl+r2 rlis32*x+y0 -2550 18870 16s
rl=r1+32 rlis32*x+y0+32 -2518 18902 16s
rl=rl1>>6 rlis(32*x+y0+32)>>6 -39 295 1ls
rl = max clip rl on the low side 0 295 10u
(O,rl)
rl = min clip rl on the high side 0 255 8u
(255, r1)

Since Karczewicz 1l teaches this optimization for averaging an interpolated half-pixel and an integer pixel, a POSITA would have been
motivated to apply that improved calculation to Karczewicz I’s default weighted prediction equation, which likewise calculates an
average, with the half-pixel prediction (e.g., pred0(i,j)) kept at a higher, non-rounded precision and the integer pixel prediction (e.g.,
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pred1(i,j)) left-shifted. See Karczewicz I, 160, 155; Ex-1006, 193-94, 199, Table 3. As Karczewicz Il teaches, these values are combined
with a rounding offset of 32 and then right-shifted 6 bits to reduce the precision. This combination results in the following equation:

pred(i,j)=(non-rounded(pred0(i,j))+pred1(i,j)<<5+32)>>6
See Karczewicz 11, 196, 199, Tables 1 and 3; Karczewicz I, 160.

Scenario 2 (with the first motion vector pointing to a center-pixel position and the second motion vector pointing to a half-pixel
position). The default weighted prediction is calculated as an average of a center-pixel and a half-pixel. See Karczewicz 1, 160, {55.

Karczewicz 1l teaches an improved calculation for averaging a center- and half-pixel. Ex-1006, Fig. 4D. Karczewicz Il first explains the
conventional calculation for averaging two numbers. Karczewicz |1, 196, Fig. 4D, Table 1:

TABLE 1

f=(j+b+1)>>1
i=(+h+1)>>1
k=(+ec+1)>>1
n=(+hh+1)>>1

Karczewicz Il improves this conventional approach by replacing the equations in Table 1 with those in Table 3, where the pixel values
are combined at a higher precision. Karczewicz 11, 199. Whereas Table 1 used a fully-rounded center-pixel (e.g., “j”), Table 3 uses a
partially-rounded pixel (e.g., “j1>>5) that remains 5 bits longer than the rounded value in Table 1.1 Likewise, Table 3 replaces the
rounded half-pixel (e.g., “b”) with a non-rounded half-pixel (e.g., “b1”) that is 15 bits. These pixel values are combined, along with a

! Here, the partially-rounded prediction is obtained by shifting the non-rounded prediction j1 to the right by 5 bits. This is fewer bits than the 10 bits shifted for
calculating the fully rounded prediction j. Karczewicz I, 195.

Nokia Exhibit 2006, p. 8
Snap/Hisense v. Nokia
IPR2025-01375



rounding offset of 32, before rounding to reduce the precision at the end, e.g., shifting 6 bits to the right (“>>6"). Karczewicz Il, Table
3:

TABLE 3

f=(1>>5+b1+32)>>6
i=(1>>5+h1+32)>>6
k=(l>>5+eel +32)>>6
n=_1>>5+hhl +32)>>6
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The operations for this improved approach are shown in Table 8 of Karczewicz Il. Karczewicz |1, 105, Table 8:

TABLE 8

positions {{, i, k, n! of FIGS. 4A-4D

Min Max Register
Operation Comment value value size
rl = y0 rl is yO (1-D half-pixel -2550 10710  15s
such as bl, hl, eel and
hhl before shifting down)
r2=l r2 is j1 (2-D half-pixel j1 -9914 26232 l6s
before shifting down)
r=r2>>1 r2isjl>>1 -4957 13116 15s
rl=rl+122 rlisy0+(jl>>1) =7507 23826 l6s
rl=r1+32 rlisy0+(jl>>1)+32 -7491 23842 16s
rl=rl>>6 rlis(YO+(jl>>1)+ -235 745 1ls
32)>>6
rl = max clip rl on the low side 0 745  10u
(0, r1)
rl = min clip rl on the high side 0 255 Bu
(255, r1)

Since Karczewicz Il teaches this optimization for averaging interpolated center- and half-pixels, a POSITA would have been motivated
to apply that improved calculation to Karczewicz I’s default weighted prediction equation, which likewise calculates an average, with
the center-pixel prediction partially rounded and the half-pixel prediction non-rounded. See Karczewicz I, 160, 155; e.g., Karczewicz Il,
110, 120, 1923-24, 139, 174, 193, 1199-103. This combination results in the following equation:

pred(i,j)=(non-rounded(pred0(i,j))>>5+non-rounded(predi(i,j)) +32)>>6
See Karczewicz 11, 196, 199, Tables 1 and 3; Karczewicz I, 160.

Scenario 3 (with both motion vectors pointing to half-pixel positions). The default weighted prediction is calculated as an average of
two half-pixels. See Karczewicz I, 160, {55.
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Karczewicz 11 teaches an improved calculation for averaging two half-pixel values. Karczewicz Il, Fig. 4D. Karczewicz Il explains the
conventional calculation for averaging two numbers. Karczewicz 11, 197, Fig. 4D, Table 2:

TABLE 2

e=(b+h+1)>>1
g=(b+ee+1)>>1
m=(h+hh+1)>>1
o=(ee+hh+1)>>1

Karczewicz 11 improves this conventional approach replacing the equations in Table 2 with those in Table 4, where the pixel values are
combined at a higher precision. Karczewicz Il, 101. Instead of using a rounded 8-bit half-pixel (e.g., “b” or “h”), Karczewicz II delays
the rounding step and instead uses non-rounded half-pixels (e.g., “b1” and “h1”) that are 15 bits each. Id. These pixel values are
combined, along with a rounding offset of 32, before rounding to reduce the precision at the end, e.g., shifting 6 bits to the right (“>>6").
Id., Table 4:

TABLE 4

e=(bl+hl+32)>>0
g=(bl +eel +32)>>6
m=(hl + hhl + 32)>>6
o=(eel + hhl1 +32)>>6

The operations for this improved approach are shown in Table 6 of Karczewicz Il. Karczewicz |1, 1103, Table 6:
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TABLE 6

positions {e. g. m. o} of FIGS. 4A-4D

Min Max Register
Operation Comment value value size

rl = y0 rl is yO (yOis a 1-D half-pixel  -2550 10710 135s
such as bl, hl, eel and hhl
before shifting down)

r2 =yl r2isyl (ylisal-D half-pixel -2550 10710 15s
such as bl, hl, eel and hhl
before shifting down)

rl=rl+r2 rlisy0+yl -5100 21420 16s
rl=r1+32 rlisy0+yl+32 -5068 21452 16s
rl=r1>>6 rlis(yYO+yl+32)>>6 -79 335 1ls
rl = max clip rl on the low side 0 335 10u
(0, rl)

rl = min clip rl on the high side 0 255 8u
(255, r1)

Since Karczewicz Il teaches this optimization for averaging two interpolated half-pixels, a POSITA would have been motivated to apply
that improved calculation to Karczewicz I’s default weighted prediction equation, which likewise calculates an average, with the half-
pixel predictions non-rounded. See Karczewicz I, 160, 155; Karczewicz 11, 1197-101. This combination results in the following equation:

pred(i,j)=(non-rounded(pred0(i,j))+non-rounded(predi(i,j)) +32)>>6
See Karczewicz I, 197, 1101, Tables 2 and 4; Karczewicz I, 160.

In addition to these teachings, it was well-known to use higher-precision intermediate values for video-coding computations. As a result,
the prior art provides an express teaching, suggestion, and motivation to apply such teachings from Karczewicz Il to related techniques
in Karczewicz | to achieve a higher accuracy. See, e.g., U.S. Patent No. 8,594,188 at Abstract.
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Preserving higher-precision intermediate values was known to benefit motion compensation. U.S. Patent No. 9,344,744 at 7:4-19 (“a
prediction and a reconstruction for a block of a picture to be predicted ... in a higher precision.”), 16:22-17:36. This approach was known
to result in smaller residual information. Id. It was also known that preserving higher-precision intermediate values improved the
accuracy of interpolation. Srinivasan, An Overview of VC-1, 000005; U.S. Patent Application Publication No. 2003/0112864, {61-62.

Further, the combination of Karczewicz | and Karczewicz Il would not have changed the principle of operation of either reference, but
merely includes the use Karczewicz II’s known techniques to improve Karczewicz I’s similar devices or methods in the same way.
Karczewicz 1, Figs. 1-2, 1129-50, 153; Karczewicz Il, Figs. 1-2, 1140-53, 156. Given the similarities between Karczewicz | and
Karczewicz II, a POSITA would have understood that Karczewicz II’s techniques are readily applicable to Karczewicz I.

Moreover, the combination merely changes when rounding occurs for calculations that already included rounding. See Karczewicz I,
160, 155; Karczewicz I, 1196-106, Tables 1-8. This minor implementation detail would not have changed the principle of operation of
Karczewicz | or Karczewicz Il.

A POSITA would have had a reasonable expectation of success because the combination applies the math behind Karczewicz I1’s
improved calculations to Karczewicz I’s scenarios without further modification. Furthermore, a POSITA would have been more than
capable of applying Karczewicz II’s teachings because Karczewicz II’s calculations involve basic mathematic and logical operations
(e.g., addition and bit-shifting) that were well known or taught in high-school or undergraduate-level courses, and basic video codec
operations that were a core part of industry work in video codecs.

ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ I” + “KARCZEWICZ II"?

1[preamble] A method for | Karczewicz I, as evidenced by the example citations below, discloses a method for encoding a block
encoding a block of pixels, the | of pixels.

method comprising:
Karczewicz |, as evidenced by the example citations below, discloses a method for encoding a block

of pixels.

2 Moreover, Respondents incorporate by reference in their entirety the disclosures and arguments specific to Karczewicz | and Karczewicz 11 contained within the
petitions seeking IPR review in IPR2024-00626 and IPR2024-00627, which further show how these references demonstrate that the claims of the 267 patent are
obvious.
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ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

See, e.0.,
Karczewicz I, 10002:

The disclosure relates to video encoding and, more particularly, video encoding techniques that
use bi-directional prediction.

Karczewicz I, 10008:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block may be predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
techniques are described for selecting among default weighted prediction, implicit weighted
prediction, and explicit weighted prediction. In this context, techniques are also described for
adding offset to prediction data, e.g., using the format of explicit weighted prediction to allow
for offsets to predictive data that is otherwise defined by implicit or default weighted prediction.

Karczewicz I, 10009:

In one example, this disclosure describes a method of encoding video data, the method
comprising selecting between default weighted prediction and implicit weighted prediction,
upon selecting default weighted prediction, selecting between explicit weighted prediction
based on calculated weights and explicit weighted prediction based on weights defined by the
default weighted prediction, upon selecting implicit weighted prediction, selecting between
explicit weighted prediction based on calculated weights and explicit weighted prediction based
on weights defined by the implicit weighted prediction, and encoding the video data using
weighed prediction data defined by the selections.
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ASSERTED CLAIMS

PRIOR ART REFERENCE:

“KARCZEWICZ I” + “KARCZEWICZ II"?

Karczewicz I, 10022:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
and a decoder may interpret the one or more syntax elements in order to determine whether

rounding should be used in the decoding process.

Karczewicz I, Fig. 1:

15
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ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2
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FIG. 1

Karczewicz I, 10029-30:

[0029] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may implement techniques of this disclosure. As shown in FIG. 1, system 10
includes a source device 12 that transmits encoded video to a destination device 16 via a
communication channel 15. Source device 12 and destination device 16 may comprise any of
a wide range of devices. In some cases, source device 12 and destination device 16 comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite

16
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ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

radiotelephones, or any devices that can communicate video information over a communication
channel 15, which may or may not be wireless. The techniques of this disclosure, however,
which concern non-zero rounding and prediction mode selection techniques, are not necessarily
limited to wireless applications or settings.

[0030] In the example of FIG. 1, source device 12 may include a video source 20, video encoder
22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may
include a receiver 26, a modem 27, a video decoder 28, and a display device 30. In accordance
with this disclosure, video encoder 22 of source device 12 may be configured to apply non-
zero rounding and prediction mode selection techniques as part of a video encoding process.
Video decoder 28 may receive one or more syntax elements indicating the selection and
indicating whether non-zero rounding was used. Accordingly, video decoder 28 may perform
the proper weighted prediction signaled in the received bistream.

Karczewicz I, 10032:

Video source 20 of source device 12 may include a video capture device, such as a video
camera, a video archive containing previously captured video, or a video feed from a video
content provider. As a further alternative, video source 20 may generate computer graphics-
based data as the source video, or a combination of live video, archived video, and computer-
generated video. In some cases, if video source 20 is a video camera, source device 12 and
destination device 16 may form so-called camera phones or video phones. In each case, the
captured, pre-captured or computer-generated video may be encoded by video encoder 22. The
encoded video information may then be modulated by modem 23 according to a
communication standard, e.g., such as code division multiple access (CDMA) or another
communication standard, and transmitted to destination device 16 via transmitter 24. Modem
23 may include various mixers, filters, amplifiers or other components designed for signal
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Karczewicz I, Fig. 2:

Karczewicz I, 10039:

modulation. Transmitter 24 may include circuits designed for transmitting data, including
amplifiers, filters, and one or more antennas.
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A video sequence typically includes a series of video frames. Video encoder 22 and video
decoder 28 may operate on video blocks within individual video frames in order to encode and
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decode the video data. The video blocks may have fixed or varying sizes, and may differ in size
according to a specified coding standard. Each video frame may include a series of slices or
other independently decodable units. Each slice may include a series of macroblocks, which
may be arranged into sub-blocks. As an example, the ITU-T H.264 standard supports intra
prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luma components, and
8x8 for chroma components, as well as inter prediction in various block sizes, such as 16 by
16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data, or blocks
of transformation coefficients, e.g., following a transformation process such as discrete cosine
transform or a conceptually similar transformation process.

Karczewicz I, 0040:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks and the various sub-blocks
may be considered to be video blocks. In addition, a slice may be considered to be a series of
video blocks, such as macroblocks and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Alternatively, frames themselves may be decodable units, or
other portions of a frame may be defined as decodable units. The term “coded unit” refers to
any independently decodable unit of a video frame such as an entire frame, a slice of a frame,
a group of pictures (GOPs), or another independently decodable unit defined according to the
coding techniques used.

Karczewicz I, §10051-76:

[0051] FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
techniques consistent with this disclosure. Video encoder 50 may correspond to video encoder
22 of source device 12, or a video encoder of a different device. Video encoder 50 may perform
intra- and inter-coding of blocks within video frames, although intra-coding components are
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not shown in FIG. 2 for ease of illustration. Intra-coding relies on spatial prediction to reduce
or remove spatial redundancy in video within a given video frame. Inter-coding relies on
temporal prediction to reduce or remove temporal redundancy in video within adjacent frames
of a video sequence. Intra-mode (I-mode) may refer to the spatial based compression mode and
Inter-modes such as prediction (P-mode) or bi-directional (B-mode) may refer to the temporal
based compression modes.

[0052] As shown in FIG. 2, video encoder 50 receives a current video block within a video
frame or slice to be encoded. In the example of FIG. 2, video encoder 50 includes motion
estimation unit 32, a motion compensation unit 35, a memory 34, an adder 48, a transform unit
38, a quantization unit 40, and an entropy coding unit 46. For video block reconstruction, video
encoder 50 also includes an inverse quantization unit 42, an inverse transform unit 44, and an
adder 51. Video encoder 50 may also include a deblocking filter (not shown) to filter block
boundaries to remove blockiness artifacts from reconstructed video. If desired, the deblocking
filter would typically filter the output of adder 51.

[0053] During the encoding process, video encoder 50 receives a video block to be coded, and
motion estimation unit 32 and motion compensation unit 35 perform inter-predictive coding.
Motion estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.
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[0054] Motion estimation unit 32 selects the appropriate motion vector for the video block to
be coded by comparing the video block to video blocks of one or more predictive coded units
(e.g., a previous and/or future frame in terms of time or temporally). Motion estimation unit 32
may, as an example, select a motion vector for a B-frame in a number of ways. In one way,
motion estimation unit 32 may select a previous or future frame from a first set of frames
(referred to as list 0) and determine a motion vector using only this previous or future frame
from list 0. Alternatively, motion estimation unit 32 may select a previous or future frame from
a second set of frames (referred to as list 1) and determine a motion vector using only this
previous or future frame from list 1. In yet another way, motion estimation unit 32 may select
a first frame from list 0 and a second frame from list 1 and select one or more motion vectors
from the first frame of list 0 and the second frame of list 1. This third form of prediction may
be referred to as bi-predictive motion estimation. Techniques of this disclosure may be
implemented so as to efficiently select a motion-compensated bi-prediction mode. The selected
motion vector for any given list may point to a predictive video block that is most similar to
the video block being coded, e.g., as defined by a metric such as sum of absolute difference
(SAD) or sum of squared difference (SSD) of pixel values of the predictive block relative to
pixel values of the block being coded.

[0055] According to the ITU-T H.264/AVC standard, three motion-compensated bi-predictive
algorithms or modes may be used to predict a B-frame or portions thereof, such as video blocks,
macroblocks or any other discreet and/or contiguous portion of a B-frame. A first motion-
compensated bi-predictive algorithm or mode, which is commonly referred to as default
weighted prediction, may involve applying default weights to each identified video block of
the first frame of list 0 and the second frame of list 1. The default weights may be programmed
according to the standard, and are often selected to be equal for default weighted prediction.
The weighted blocks of the first and second frames are then added together and divided by the
total number of frames used to predict the B-frame, e.g., two in this instance. Often, this
division is accomplished by adding 1 to the addition of the weighted blocks of the first and
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second frames and then shifting the result to the right by one bit. The addition of 1 is a rounding
adjustment.

[0056] In accordance with one aspect of this disclosure, the addition of 1 (the rounding
adjustment) prior to the right shift by one may be avoided, thus eliminating upward biased
rounding. Motion compensation unit 35 may generate both a weighted block with rounding and
a weighted block without rounding, and may select the block that achieves the best coding
efficiency.

[0057] More generally, weighted prediction may be given by:
pred(i,j)=(pred0(i,j)*w0+pred1(i,j)*wl+2")>>(r+1)

where pred(i,j) is data associated with the weighed prediction block, pred0(i,j) is data from list
0, predi(i,j) is data from list 1, w0 and w1 are the weight factors, 2r is the rounding term, and
>> |s a right shift operation by (r+1) bits. Consistent with this disclosure, two different version
of pred(i,j) may be generated and considered by motion compensation unit 35. The first is
consistent with the equation above, and the second is consistent with the equation above
without rounding, i.e., with the term “2r” removed from the equation. Eliminating this rounding
may achieve better weighted predictive data in some cases, which can improve coding
efficiency. Motion compensation unit 35 may generate one or more syntax elements to define
whether or not rounding was used for a given video block or set of video blocks. Both the bi-
directional prediction mode and the one or more syntax elements indicating whether rounding
was used may be output form motion compensation unit 35 to entropy coding unit 46 for
inclusion in the encoded bitstream.

[0058] B pictures use two lists of previously-coded reference pictures, list 0 and list 1. These
two lists can each contain past and/or future coded pictures in temporal order. Blocks in a B
picture may be predicted in one of several ways: motion-compensated prediction from a list 0
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reference picture, motion-compensated prediction from a list 1 reference picture, or motion-
compensated prediction from the combination of both list 0 and list 1 reference pictures. To get
the combination of both list 0 and list 1 reference pictures, two motion compensated reference
areas are obtained from list 0 and list 1 reference picture respectively. Their combination will
be used to predict the current block.

[0059] In this disclosure, the term “B pictures” will be used to refer generally to any types of
B units, which may be B frames, B slices, or possibly other video units that include at least
some B video blocks. As mentioned, B pictures may allow 3 types of weighted prediction. For
simplicity, only forward prediction in unidirectional prediction is shown below, although
backwards prediction could also be used.

[0060] Default weighted prediction may be defined by the following equations for
unidirectional prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,))
Bidirectional prediction: pred(i,j)=(predO(i,j)+pred1(i,j)+1)>>1
where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.

[0061] Implicit weighted prediction may be defined by the following equations for
unidirectional prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,j)

Bidirectional prediction: pred(i,j)=(predO(i,j)*wO+pred1(i,j)*wl+32)>>6
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In this case, each prediction is scaled by a weighting factor w0 or wl, where w0 and w1 are
calculated based on the relative temporal position of the list 0 and list 1 reference pictures.

[0062] Explicit weighted prediction may be defined by the following equations for
unidirectional prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=(predo0(i,j)*w0+2"1)>>r+o01
Bidirectional prediction: pred(i,j)=(predO(i,j)*w0+pred1(i,j)*w1+2")>>(r+1)+((01+02+1)>>1)

In this case, the weighting factors are determined by the encoder and transmitted in the slice
header, and 01 and 02 are picture offsets for list 0 and list 1 reference pictures respectively.

[0063] Conventionally, rounding adjustments are always used in bidirectional prediction.
According to the equations above, a rounding adjustment of 1 is used in the default weighted
prediction prior to a right shift by one, and a rounding adjustment of 32 is used in the implicit
weighted prediction prior to a right shift by six. Generally, a rounding adjustment of 27! is
commonly used prior to a right shift by r, where r represents a positive integer.

[0064] Such frequent and biased rounding operations can reduce precision of prediction.
Furthermore, in the bidirectional prediction of the explicit weighted prediction, there are
actually 2 roundings, one for the reference pictures and the other for the offsets. Therefore, in
this case, the rounding error can accumulate. In accordance with one aspect of this disclosure,
instead of doing 2 separate roundings, the video encoder can add the offsets to the weighted
prediction before right shift as the following:

pred(i,j)=(pred0(i,j)*wO+pred1(i,j)*wl+((01+02)<<r)+2")>>(r+1),

where pred(i,j) is the weighted prediction data associated with rounding, pred0(i,j) is data from
list O, pred1(i,j) is data from list 1, w0 and w1 are weight factors, o1 and 02 are offsets, and r
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and 2" are rounding terms that provide the rounding in conjunction with a right shift operation
“>>” by (r+1) bits. This may provide better prediction accuracy. In this case, a new syntax
element may also be defined to allow for combination of two different offsets (01 and 02) into
one offset. Furthermore, in this case, a rounding value may comprise the rounding adjustment
described above (e.g., 2" prior to a right shift operation by (r+1) bits) as well as another a
rounding value (“r”’) associated with the offset. The equation above may also be modified
slightly to provide higher precision for the offsets. If higher precision for the offsets are desired,
the offsets may be multiplied by factors (such as by 2) and then rounded to an integer numbers.
The left shift may also be changed to account for this added precision to the offset.

[0065] Another problem in explicit weighted prediction is that unidirectional prediction and
bidirectional prediction may share the same weights and offsets. In order to have more
flexibility for better prediction, unidirectional prediction and bidirectional prediction may be
decoupled in accordance with this disclosure. In this case, unidirectional prediction and
bidirectional prediction may define different weights and offsets for a given type of prediction
(default, implicit or explicit). New syntax elements may be defined for explicit prediction to
allow for better prediction. An encoder can include the syntax elements in a coded bitstream to
signal different rounding modes used by the encoder, so that the same rounding modes can be
used by the decoder.

[0066] It is beneficial to adaptively select rounding adjustments. One way of doing this is to
generate two or more different sets of predictive data (and possibly encode a video block
several times) based on the two or more different sets of predictive data. One set of the
predictive data may have nonzero rounding and the other may eliminate the rounding. In still
other examples, upward rounding, downward rounding, and no rounding may be considered.
Motion compensation unit 35 may generate these different types of predictive data, and may
conduct a rate-distortion (RD) analysis to select the best predictive data for a given video block.
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[0067] Rate-distortion (RD) analysis is fairly common in video coding, and generally involves
the calculation of a cost metric indicative of the coding cost. The cost metric may balance the
number of bits required for the coding (the rate) and the level of quality associated with the
coding (the distortion). A typical rate-distortion cost calculation may generally correspond to
the format of:

J(M)=AR+D,
where J(A) is the cost, R is the bit rate, D is the distortion, and A is the Lagrange multiplier.

[0068] One way for video encoder 50 to identify the most desired prediction data is to use
motion estimation unit 32 to first find motion vectors, and then implement motion
compensation unit 35 and adder 48 to calculate prediction errors with and without rounding
adjustments. Motion compensation unit 35 may then select the prediction data that yields the
least prediction error. The prediction error can be calculated by using the sum of absolute
difference between the prediction data and the current data being encoded.

[0069] In explicit weighted prediction, motion compensation unit 35 of video encoder 50 may
implement three different modes. In all three explicit weighted prediction modes, each
reference picture may have one offset used for unidirectional prediction and each pair of
reference pictures has one offset for bidirectional prediction such as:

pred(i,j)=(pred0(i,j)*w0+pred1(i,j)*wl+(o<<r)+2")>>(r+1),

where pred(i,j) is the first weighted prediction data, pred0(i,j) is data from list 0, pred1(i,j) is
data from list 1, w0 and w1 are weight factors, o is a common offset applicable the pred0(i,j)
from list 0 and the predi(i,j) from list 1, and r and 2" are rounding terms that provide the
rounding in conjunction with a right shift operation “>>” by (r+1) bits. The first mode may use
the weights defined by default weighted prediction. The second may use weights defined by
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implicit weighted prediction. The third mode allows each reference picture to have one weight
for unidirectional prediction and each pair of reference pictures involved in bidirectional
prediction to have a pair of weights for both reference pictures. The weights defined for the
third mode may be determined adaptively, and in some cases, the explicit weighted prediction
framework may be used with weights defined by default or implicit weighted prediction in
order to allow for offset in these contexts. Furthermore, the weights and offsets defined in this
third mode may be different for unidirectional and bidirectional prediction. The equation above
may also be modified slightly to provide higher precision for the offset. If higher precision for
the offset is desired, the offset may be multiplied by a factor (such as by 2) and then rounded
to an integer number. The left shift may also be changed to account for this added precision to
the offset, e.g., in this case, the left shift may changed to r—1.

[0070] In order for video encoder 50 to signal to a decoder the particular mode that was used
for a given video block or set of video blocks, video encoder 50 may implement 2 single-bit
syntax elements: derived_weight_flag and poc_weight_flag. In this case, the derived weight
flag may be used to select between the first two explicit weighted prediction modes mentioned
above, and the third mode and poc_weight_flag may be used to select between the first and the
second explicit weighted prediction modes.

[0071] In order to find the best weighted prediction, video encoder 50 may perform multi-pass
encoding and select the best mode based on rate-distortion cost. One way to do this is an
exhaustive search where motion compensation unit 35 generates every possible weighted
prediction data and selects the best one. To reduce the complexity, however, motion
compensation unit 35 may implement additional techniques of this disclosure, e.g., to first
select between default weighted prediction and implicit weighted prediction, and then to
compare the selection to explicit weighted prediction. Motion compensation unit 35 may
calculate weights and offsets associated with explicit weighted prediction, and may also use
the explicit weighted prediction framework to add offsets to data otherwise associated with
default weighted prediction or implicit weighted prediction, whichever was selected. Thus,
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there may be two sets of offsets calculated by motion compensation unit 35. The first set of
offsets may be calculated by using known weights used in the default weighted prediction or
the implicit weighted prediction, and the second set of offsets may be calculated jointly with
weights as part of a normal calculation of explicit weighted prediction, e.g., by minimizing the
motion compensated prediction error.

[0072] To further reduce the complexity, during explicit weighted prediction, if the offsets are
0, motion compensation unit 35 may skip the explicit weighted prediction that uses default
weights or implicit weights. Also, if the offsets are 0 and calculated weights have no change,
motion compensation unit 35 may skip the typical explicit weighted prediction that uses
calculated weights and offsets.

[0073] Once the desired prediction data is identified by motion compensation unit 35, as
described herein, video encoder 50 forms a residual video block by subtracting the prediction
data from the original video block being coded. Adder 48 represents the component or
components that perform this subtraction operation. Transform unit 38 applies a transform,
such as a discrete cosine transform (DCT) or a conceptually similar transform, to the residual
block, producing a video block comprising residual transform block coefficients. Transform
unit 38, for example, may perform other transforms, such as those defined by the H.264
standard, which are conceptually similar to DCT. Wavelet transforms, integer transforms, sub-
band transforms or other types of transforms could also be used. In any case, transform unit 38
applies the transform to the residual block, producing a block of residual transform coefficients.
The transform may convert the residual information from a pixel domain to a frequency
domain.

[0074] Quantization unit 40 quantizes the residual transform coefficients to further reduce bit
rate. The quantization process may reduce the bit depth associated with some or all of the
coefficients. For example, a 9-bit value may be rounded down to an 8-bit value during
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quantization. In addition, quantization unit 40 may also quantize the different offsets for cases
where offset is used.

[0075] Following quantization, entropy coding unit 46 entropy codes the quantized transform
coefficients. For example, entropy coding unit 46 may perform content adaptive variable length
coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or another entropy
coding methodology. Following the entropy coding by entropy coding unit 46, the encoded
video may be transmitted to another device or archived for later transmission or retrieval. The
coded bitstream may include entropy coded residual blocks, motion vectors for such blocks,
and other syntax such as the syntax described herein.

[0076] Inverse quantization unit 42 and inverse transform unit 44 apply inverse quantization
and inverse transformation, respectively, to reconstruct the residual block in the pixel domain,
e.g., for later use as the reference block in the manner described above. Adder 51 adds the
reconstructed residual block to the motion compensated prediction block produced by motion
compensation unit 35 to produce a reconstructed video block for storage in memory 34. The
reconstructed video block may be used by motion estimation unit 32 and motion compensation
unit 35 as a reference block to inter-encode a block in a subsequent video frame.

Karczewicz 11, as evidenced by the example citations below, discloses a method for encoding a block
of pixels.

See, e.g.,
Karczewicz I, Abstract:

This disclosure describes various interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. In one example, an encoder
interpolates pixel values of reference video data based on a plurality of different pre-defined
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interpolation filters. In this example, the decoder receives a syntax element that identifies an
interpolation filter, and interpolates pixel values of reference video data based on the
interpolation filter identified by the syntax element. In another example, a method of
interpolating predictive video data includes generating half-pixel values based on integer pixel
values, rounding the half-pixel values to generate half-pixel interpolated values, storing the
half-pixel values as non-rounded versions of the half-pixel values, and generating quarter-pixel
values based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, §0002:

This disclosure relates to digital video coding and, more particularly, fractional interpolations
of predictive data used in video coding.

Karczewicz |1, 10004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
video sequence. The coded units may comprise video frames, slices of video frames, groups of
pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks
from the original video blocks being coded.
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Karczewicz I, 10012:

In one example, this disclosure provides a method of encoding video data. The method
comprises generating prediction data, wherein generating the prediction data includes
interpolating pixel values of reference video data based on a plurality of different pre-defined
interpolation filters. The method also comprises encoding the video data based on the
prediction data.

Karczewicz |1, 10014:

In another example, this disclosure provides a method of interpolating predictive video data for
video coding. The method comprises generating half-pixel values based on integer pixel values,
rounding the half-pixel values to generate half-pixel interpolated values, storing the half-pixel
values as non-rounded versions of the half-pixel values, and generating quarter-pixel values
based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, 10035:

This disclosure describes various interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. According to one aspect of
this disclosure, the encoder may apply a plurality of pre-defined interpolation filters in order to
generate a plurality of different interpolated prediction data. The interpolated prediction data
that achieves the highest levels of compression may be selected at the encoder, and the
interpolation filter that was used may be coded as syntax and communicated to the decoding
device as part of the coded video data. The interpolated prediction data comprises reference
data. Video data to be coded (e.g., a video block) may be subtracted from interpolated
prediction data (e.g., an interpolated predictive reference block) in order to define a residual
block of encoded data, which may then be transformed, quantized and entropy coded.
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Karczewicz |1, 0040, 41, 43:

[0040] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may implement techniques of this disclosure. As shown in FIG. 1, system 10
includes a source device 12 that transmits encoded video to a destination device 16 via a
communication channel 15. Source device 12 and destination device 16 may comprise any of
a wide range of devices. In some cases, source device 12 and destination device 16 comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any wireless devices that can communicate video information over a
communication channel 15, in which case communication channel 15 is wireless. The
techniques of this disclosure, however, which concern motion compensated interpolation, are
not necessarily limited to wireless applications or settings.

[0041] In the example of FIG. 1, source device 12 may include a video source 20, video encoder
22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may
include a receiver 26 a modem 27, a video decoder 28, and a display device 30. In accordance
with this disclosure, video encoder 22 of source device 12 may be configured to apply one or
more of the interpolation techniques of this disclosure as part of a video encoding process.
Similarly, video decoder 28 of destination device 16 may be configured to apply one or more
of the interpolation techniques of this disclosure as part of a video decoding process.

[0043] Video source 20 of source device 12 may include a video capture device, such as a video
camera, a video archive containing previously captured video, or a video feed from a video
content provider. As a further alternative, video source 20 may generate computer graphics-
based data as the source video, or a combination of live video, archived video, and computer-
generated video. In some cases, if video source 20 is a video camera, source device 12 and
destination device 16 may form so-called camera phones or video phones. In each case, the
captured, pre-captured or computer-generated video may be encoded by video encoder 22. The
encoded video information may then be modulated by modem 23 according to a
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communication standard, e.g., such as code division multiple access (CDMA) or another
communication standard, and transmitted to destination device 16 via transmitter 24. Modem
23 may include various mixers, filters, amplifiers or other components designed for signal
modulation. For wireless applications, transmitter 24 may include circuits designed for
transmitting data, including amplifiers, filters, and one or more antennas.

Karczewicz 11, Fig. 2:
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Karczewicz 11, 10049:

A video sequence typically includes a series of video frames. Video encoder 22 operates on
video blocks within individual video frames in order to encode the video data. The video blocks
may have fixed or varying sizes, and may differ in size according to a specified codingsee
standard. Each video frame includes a series of slices. Each slice may include a series of
macroblocks, which may be arranged into sub-blocks. As an example, the ITU-T H.264
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standard supports intra prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for
luma components, and 8x8 for chroma components, as well as inter prediction in various block
sizes, such as 16 by 16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components
and corresponding scaled sizes for chroma components. Video blocks may comprise blocks of
pixel data, or blocks of transformation coefficients, e.g., following a transformation process
such as discrete cosine transform or a conceptually similar transformation process.

Karczewicz |1, §0050:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks (MBs) and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as MBs and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Video encoder 22 and video decoder 28 perform inter-based
predictive coding, which involves the generation of predictive reference data and the
subtraction of a video block to be coded from the predictive reference data to generate residual
data, which may then be transformed, quantized and entropy coded. The inter-based predictive
coding may include interpolation of the predictive data in accordance with this disclosure.

Karczewicz Il, 110054-62:

[0054] FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
motion compensated interpolation consistent with this disclosure. Video encoder 50 may
correspond to video encoder 22 of device 20, or a video encoder of a different device. Video
encoder 50 may perform intra- and inter-coding of blocks within video frames, although intra-
coding is not illustrated. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame. Inter-coding relies on temporal prediction to
reduce or remove temporal redundancy in video within adjacent frames of a video sequence.
Intra-mode (I-mode) may refer to the spatial based compression mode and Inter-modes such as
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prediction (P-mode) or bi-directional (B-mode) may refer to the temporal based compression
modes. The techniques of this disclosure typically may be applied during inter-coding, and
therefore, intra-coding units such as spatial prediction unit are not illustrated in FIG. 2 for
simplicity and ease of illustration. However, the rounding techniques of this disclosure may
also be applicable to spatial prediction and intra coding techniques.

[0055] As shown in FIG. 2, video encoder 50 receives a current video block within a video
frame to be encoded. In the example of FIG. 2, video encoder 50 includes motion estimation
unit 32, a motion compensation unit 35, a reference frame store 34, an adder 48, a transform
unit 38, a quantization unit 40, and an entropy coding unit 46. For video block reconstruction,
video encoder 50 also includes an inverse quantization unit 42, an inverse transform unit 44
adder 51. A deblocking filter (not shown) may also be included to filter block boundaries to
remove blockiness artifacts from reconstructed video. If desired, the deblocking filter would
typically filter the output of adder 51.

[0056] During the encoding process, video encoder 50 receives a video block to be coded, and
motion estimation unit 32 and motion compensation unit 35 perform inter-predictive coding.
Motion estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
The interpolation techniques described in this disclosure are described as being performed by
motion compensation unit 35. However, interpolation may be performed during motion
estimation in order to facilitate the selection of the best motion vectors.
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[0057] In accordance with this disclosure, motion estimation 32 selects the appropriate motion
vector for the video block to be coded by comparing the video block to video blocks of a
predictive coded unit (e.g., a previous frame). At this point, motion compensation unit 35 may
perform interpolation in order to generate predictive data at sub-pixel resolution. In some cases,
during motion estimation, the interpolation may be based on a fixed interpolation filter. In other
cases, the different interpolation filters applied during motion compensation (as outlined
below) may also be used during the motion estimation process for purposes of motion vector
selection.

[0058] Once motion estimation unit 32 has selected the motion vector for the video block to be
coded, motion compensation unit 35 generates the predictive video block associated with that
motion vector. According to this disclosure, however, motion compensation unit 35 may
consider several versions of any predictive video block that has sub-pixel resolution. In this
case, motion compensation unit 35 may apply a plurality of pre-defined interpolation filters in
order to generate a plurality of different interpolated prediction data for the video block to be
coded. Motion compensation unit 35 then selects the interpolated prediction data (e.g., an
interpolated video block associated with one of the interpolation filters) that achieves the
highest levels of compression. The interpolation filter that was used to generate the interpolated
data may be coded as interpolation syntax and communicated to entropy coding unit 46 for
inclusion in the coded bitstream. Once motion compensation unit 35 has selected and applied
the best interpolation filter, the motion compensation unit 35 generates the predictive data using
that interpolation filter, and video encoder applies adder 48 to subtract that predictive data from
the video block being coded to generate residual data.

[0059] Also, according to another aspect of this disclosure, video encoder 22 and video decoder
28 may apply interpolation techniques that eliminate or significantly reduce intermediate
rounding of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and
video decoder 28 may round the interpolated half-pixel values for purposes of half-pixel
interpolation. For quarter-pixel interpolation, however, video encoder 22 and video decoder 28
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may store and use non-rounded versions of the half-pixel values in order to reduce or eliminate
propagation of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In
some cases, slight rounding may be applied to one particular half-pixel value that requires two
levels of interpolation in order to ensure that fixed size storage elements (e.g., 16-bit registers)
can be used to store any intermediate values.

[0060] As noted, once motion compensation unit 35 generated prediction data (e.g., an
interpolated predictive video block), video encoder 50 forms a residual video block by
subtracting the prediction data from the original video block being coded. Adder 48 represents
the component or components that perform this subtraction operation. Transform unit 38
applies a transform, such as a discrete cosine transform (DCT) or a conceptually similar
transform, to the residual block, producing a video block comprising residual transform block
coefficients. Transform unit 38, for example, may perform other transforms, such as those
defined by the H.264 standard, which are conceptually similar to DCT. Wavelet transforms,
integer transforms, sub-band transforms or other types of transforms could also be used. In any
case, transform unit 38 applies the transform to the residual block, producing a block of residual
transform coefficients. The transform may convert the residual information from a pixel
domain to a frequency domain.

[0061] Quantization unit 40 quantizes the residual transform coefficients to further reduce bit
rate. The quantization process may reduce the bit depth associated with some or all of the
coefficients. For example, a 16-bit value may be rounded down to a 15-bit value during
quantization. Following quantization, entropy coding unit 46 entropy codes the quantized
transform coefficients. For example, entropy coding unit 46 may perform content adaptive
variable length coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or
another entropy coding methodology. Following the entropy coding by entropy coding unit 46,
the encoded video may be transmitted to another device or archived for later transmission or
retrieval. The coded bitstream may include entropy coded residual blocks, motion vectors for
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such blocks, and other syntax including the interpolation syntax that identifies the interpolation
filters that were applied by motion compensation unit 35.

[0062] Inverse quantization unit 42 and inverse transform unit 44 apply inverse quantization
and inverse transformation, respectively, to reconstruct the residual block in the pixel domain,
e.g., for later use a reference block. Summer 51 adds the reconstructed residual block to the
motion compensated prediction block produced by motion compensation unit 35 to produce a
reconstructed video block for storage in reference frame store 34. The reconstructed video
block may be used by motion estimation unit 32 and motion compensation unit 35 as a reference
block to inter-encode a block in a subsequent video frame.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz 11, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

1[a] determining, for a current Karczewicz 1, as evidenced by the example citations below, discloses determining, for a current block,
block, a first reference block | @ first reference block based on a first motion vector and a second reference block based on a second
based on a first motion vector | motion vector, wherein the pixels of the current block, the first reference block, and the second
and a second reference block | reference block have values with a first precision.

based on a second motion
vector, wherein the pixels of | gee e.g.,
the current block, the first
reference block, and the Karczewicz I, 10004
second reference block have
values with a first precision;
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In video encoding, the compression often includes spatial prediction, motion estimation and
motion compensation. Intra-coding relies on spatial prediction and transform coding, such as
discrete cosine transform (DCT), to reduce or remove spatial redundancy between video blocks
within a given video frame. Inter-coding relies on temporal prediction and transform coding to
reduce or remove temporal redundancy between video blocks of successive video frames of a
video sequence. Intra-coded frames (“I-frames”) are often used as random access points as well
as references for the inter-coding of other frames. I-frames, however, typically exhibit less
compression than other frames. The term I-units may refer to I-frames, I-slices or other
independently decodable portions of an I-frame.

Karczewicz I, §0005:

For inter-coding, a video encoder performs motion estimation to track the movement of
matching video blocks between two or more adjacent frames or other coded units, such as slices
of frames. Inter-coded frames may include predictive frames (“P-frames”), which may include
blocks predicted from a previous frame, and bidirectional predictive frames (“B-frames”),
which may include blocks predicted from a previous frame and a subsequent frame of a video
sequence. The terms P-frames and B-frames are somewhat historic in the sense that early
coding techniques limited prediction in specific directions. Newer coding formats and
standards may not limit the prediction direction of P-frames or B-frames. Thus, the term “bi-
directional” now refers to prediction based on two or more lists of reference data regardless of
the temporal relationship of such reference data relative to the data being coded.

Karczewicz I, §0006:

Consistent with newer video standards such as ITU H.264, for example, bi-directional
prediction may be based on two different lists which do not necessarily need to have data that
resides temporally before and after the current video block. In other words, B-video blocks may
be predicted from two lists of data, which may correspond to data from two previous frames,
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two subsequent frames, or one previous frame and one subsequent frame. In contrast, P-video
blocks are predicted based on one list, i.e., one data structure, which may correspond to one
predictive frame, e.g., one previous frame or one subsequent frame. B-frames and P-frames
may be more generally referred to as P-units and B-units. P-units and B-units may also be
realized in smaller coded units, such as slices of frames or portions of frames. B-units may
include B-video blocks, P-video blocks or I-video blocks. P-units may include P-video blocks
or I-video blocks. I-units may include only I-video blocks.

Karczewicz I, 10007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, 10022:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
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and a decoder may interpret the one or more syntax elements in order to determine whether
rounding should be used in the decoding process.

Karczewicz I, 10042:

The techniques of this disclosure are specifically applicable to weighted bi-directional
prediction. As mentioned above, bi-directional prediction is prediction of so-called “B-video
blocks” based on two different lists of data. B-video blocks may be predicted from two lists of
data from two previous frames, two lists of data from subsequent frames, or one list of data
from a previous frame and one from a subsequent frame. In contrast, P-video blocks are
predicted based on one list, which may correspond to one predictive frame, e.g., one previous
frame or one subsequent frame. B-frames and P-frames may be more generally referred to as
P-units and B-units. P-units and B-units may also be realized in smaller coded units, such as
slices of frames or portions of frames. B-units may include B-video blocks, P-video blocks or
I-video blocks. P-units may include P-video blocks or I-video blocks. I-units may include only
I-video blocks.

Karczewicz I, Fig. 2:
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Karczewicz I, 10051:

FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
techniques consistent with this disclosure. Video encoder 50 may correspond to video encoder
22 of source device 12, or a video encoder of a different device. Video encoder 50 may perform
intra- and inter-coding of blocks within video frames, although intra-coding components are
not shown in FIG. 2 for ease of illustration. Intra-coding relies on spatial prediction to reduce
or remove spatial redundancy in video within a given video frame. Inter-coding relies on
temporal prediction to reduce or remove temporal redundancy in video within adjacent frames
of a video sequence. Intra-mode (I-mode) may refer to the spatial based compression mode and
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Inter-modes such as prediction (P-mode) or bi-directional (B-mode) may refer to the temporal
based compression modes.

Karczewicz I, 10053:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.

Karczewicz |, 10054

Motion estimation unit 32 selects the appropriate motion vector for the video block to be coded
by comparing the video block to video blocks of one or more predictive coded units (e.g., a
previous and/or future frame in terms of time or temporally). Motion estimation unit 32 may,
as an example, select a motion vector for a B-frame in a number of ways. In one way, motion
estimation unit 32 may select a previous or future frame from a first set of frames (referred to
as list 0) and determine a motion vector using only this previous or future frame from list 0.
Alternatively, motion estimation unit 32 may select a previous or future frame from a second
set of frames (referred to as list 1) and determine a motion vector using only this previous or
future frame from list 1. In yet another way, motion estimation unit 32 may select a first frame
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from list 0 and a second frame from list 1 and select one or more motion vectors from the first
frame of list O and the second frame of list 1. This third form of prediction may be referred to
as bi-predictive motion estimation. Techniques of this disclosure may be implemented so as to
efficiently select a motion-compensated bi-prediction mode. The selected motion vector for
any given list may point to a predictive video block that is most similar to the video block being
coded, e.g., as defined by a metric such as sum of absolute difference (SAD) or sum of squared
difference (SSD) of pixel values of the predictive block relative to pixel values of the block
being coded.

Karczewicz 1, as evidenced by the example citations below, discloses determining, for a current block,
a first reference block based on a first motion vector and a second reference block based on a second
motion vector, wherein the pixels of the current block, the first reference block, and the second
reference block have values with a first precision.

Karczewicz |1, §0004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
video sequence. The coded units may comprise video frames, slices of video frames, groups of
pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks
from the original video blocks being coded.
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Karczewicz |1, §0006:

A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.

Karczewicz 11, Fig. 2:
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Karczewicz 1, 0054

FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
motion compensated interpolation consistent with this disclosure. Video encoder 50 may
correspond to video encoder 22 of device 20, or a video encoder of a different device. Video
encoder 50 may perform intra- and inter-coding of blocks within video frames, although intra-
coding is not illustrated. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame. Inter-coding relies on temporal prediction to
reduce or remove temporal redundancy in video within adjacent frames of a video sequence.
Intra-mode (I-mode) may refer to the spatial based compression mode and Inter-modes such as
prediction (P-mode) or bi-directional (B-mode) may refer to the temporal based compression
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modes. The techniques of this disclosure typically may be applied during inter-coding, and
therefore, intra-coding units such as spatial prediction unit are not illustrated in FIG. 2 for
simplicity and ease of illustration. However, the rounding techniques of this disclosure may
also be applicable to spatial prediction and intra coding techniques.

Karczewicz |1, 10056:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
The interpolation techniques described in this disclosure are described as being performed by
motion compensation unit 35. However, interpolation may be performed during motion
estimation in order to facilitate the selection of the best motion vectors.

Karczewicz |1, §0057:

In accordance with this disclosure, motion estimation 32 selects the appropriate motion vector
for the video block to be coded by comparing the video block to video blocks of a predictive
coded unit (e.g., a previous frame). At this point, motion compensation unit 35 may perform
interpolation in order to generate predictive data at sub-pixel resolution. In some cases, during
motion estimation, the interpolation may be based on a fixed interpolation filter. In other cases,
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the different interpolation filters applied during motion compensation (as outlined below) may
also be used during the motion estimation process for purposes of motion vector selection.

Karczewicz |1, 10058:

Once motion estimation unit 32 has selected the motion vector for the video block to be coded,
motion compensation unit 35 generates the predictive video block associated with that motion
vector. According to this disclosure, however, motion compensation unit 35 may consider
several versions of any predictive video block that has sub-pixel resolution. In this case, motion
compensation unit 35 may apply a plurality of pre-defined interpolation filters in order to
generate a plurality of different interpolated prediction data for the video block to be coded.
Motion compensation unit 35 then selects the interpolated prediction data (e.g., an interpolated
video block associated with one of the interpolation filters) that achieves the highest levels of
compression. The interpolation filter that was used to generate the interpolated data may be
coded as interpolation syntax and communicated to entropy coding unit 46 for inclusion in the
coded bitstream. Once motion compensation unit 35 has selected and applied the best
interpolation filter, the motion compensation unit 35 generates the predictive data using that
interpolation filter, and video encoder applies adder 48 to subtract that predictive data from the
video block being coded to generate residual data.

Karczewicz I, §0073:

After motion estimation, the best motion vector for a given video block may be identified, e.qg.,
possibly using a rate-distortion model to balance the coding rate and quality. Then, the
prediction video block is formed during motion compensation using the best motion vector. As
outlined above, the residual video block is formed by subtracting the prediction video block
from the original video block. A transform is then applied on the residual block, and the
transform coefficients are quantized and entropy coded to further reduce bit rate.
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Karczewicz |1, 10089:

The average filter for a particular sub-pixel position may also be normalized such that all filter
coefficients add up to 1.0. The average filter may also be quantized to a certain fixed-point
precision (e.g., 13-bit precision). The use of fixed-point precision in the filter coefficient
ensures that implementations across different platforms will not have drifts. Furthermore, a true
fixed-point implementation may be derived from such pre-defined filter coefficients. Any
customized filters may have different characteristics. Specifically, different filters may be non-
separable filters or separable filters, and different filters may define different filter supports
(e.g., 6x6 or 4x4).

Karczewicz |1, 10103:

[13%2]

Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for

interpolation of other sub-pixel positions.
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TABLE 5

positions {a, ¢, d, 1} of FIGS. 4A-4D

Min Max Register

Operation Comment value value size
rl =x rl is integer pixel x 0 255 Bu
rl=rl<<5 rlis32*x 0 8160 13u
2=y0 r2 is y0 (y0 is a one- =2550 10710 15s

dimensional (1-D)
half-pixel such as bl, hl, eel

and hhl before shifting down)

rl=rl+r2 rlis32*x+vy0 -2550 18870 l6s
rl=rl+32 rlis32*x+y0+32 -2518 18902 16s
rlerl>>6 rlis(32¥x+y0+32)>>6 =39 295 11s
rl = max clip r1 on the low side 0 295 10u
(0, r1)

rl =min clip r1 on the high side 0 255 Bu
(255, 1)
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See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

1[b] using said first reference | Karczewicz I, as evidenced by the example citations below, discloses using the first reference block to
block to obtain a first | obtain a first prediction, the first prediction having a second precision, which is higher than the first
prediction, said first prediction | precision.

having a second precision,
which is higher than said first | Karczewicz I, 10007:

precision; : : i : L
For P- and B-video blocks, motion estimation generates motion vectors, which indicate the

displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, 10024:

Weighted prediction refers to bi-directional prediction in which weights can be assigned to two
or more different sets of predictive data. Default weighted prediction refers to weighted
prediction in which the weight factors associated with two or more different lists are pre-
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defined by some default setting. Default weighted prediction, in some cases, may assign equal
weightings to each of the lists. Implicit weighted prediction refers to weighted prediction in
which the weight factors associated with two or more different lists are defined based on some
implicit factors associated with the data. For example, implicit weight factors may be defined
by the temporal positions of the data in the two different lists relative to the data being
predictively coded. If data in list O is temporally closer to the data being predictively coded
than data in list 1, then the data is list 0 may be assigned a greater implicit weigh factor in
implicit weighted prediction.

Karczewicz I, 10041:

Following inter-based predictive encoding (which includes interpolation and the techniques of
this disclosure to efficiently select a prediction algorithm or mode by which to predict a coded
unit), and following any transforms (such as the 4x4 or 8x8 integer transform used in
H.264/AVC or a discrete cosine transform or DCT), quantization may be performed.
Quantization generally refers to a process in which coefficients are quantized to possibly reduce
the amount of data used to represent the coefficients. The quantization process may reduce the
bit depth associated with some or all of the coefficients. For example, a 16-bit value may be
rounded down to a 15-bit value during quantization. Following quantization, entropy coding
may be performed, e.g., according to content adaptive variable length coding (CAVLC),
context adaptive binary arithmetic coding (CABAC), or another entropy coding methodology.

Karczewicz I, 10044:

For different types of weighted bi-directional prediction in accordance with ITU-T H.264,
video encoder 22 and video decoder 28 may generally support three different types of
prediction modes. A first prediction mode, referred to as “default weighted prediction,” refers
to weighted prediction in which the weight factors associated with two or more different lists
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are pre-defined by some default setting. Default weighted prediction, in some cases, may assign
equal weightings to each of the lists.

Karczewicz I, 10048:

In accordance with another aspect of this disclosure, video encoder 22 may select among
default weighted prediction, implicit weighted prediction, and explicit weighted prediction. In
this aspect, rather than consider each of these possibilities relative to one another, encoder 22
may be programmed to select between default weighted prediction and implicit weighted
prediction. The selection, then, may be compared to explicit weighted prediction. Specifically,
encoder 22 may perform explicit weighted prediction to calculate explicit weight factors, but
encoder 22 may also compare the computed explicit weighted prediction to explicit weighted
prediction having weight factors that correspond to those defined by either default weighted
prediction or implicit weighted prediction.

Karczewicz I, 10055:

According to the ITU-T H.264/AVC standard, three motion-compensated bi-predictive
algorithms or modes may be used to predict a B-frame or portions thereof, such as video blocks,
macroblocks or any other discreet and/or contiguous portion of a B-frame. A first motion-
compensated bi-predictive algorithm or mode, which is commonly referred to as default
weighted prediction, may involve applying default weights to each identified video block of
the first frame of list 0 and the second frame of list 1. The default weights may be programmed
according to the standard, and are often selected to be equal for default weighted prediction.
The weighted blocks of the first and second frames are then added together and divided by the
total number of frames used to predict the B-frame, e.g., two in this instance. Often, this
division is accomplished by adding 1 to the addition of the weighted blocks of the first and
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second frames and then shifting the result to the right by one bit. The addition of 1 is a rounding
adjustment.

Karczewicz I, §0053:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.

Karczewicz |, 10054

Motion estimation unit 32 selects the appropriate motion vector for the video block to be coded
by comparing the video block to video blocks of one or more predictive coded units (e.g., a
previous and/or future frame in terms of time or temporally). Motion estimation unit 32 may,
as an example, select a motion vector for a B-frame in a number of ways. In one way, motion
estimation unit 32 may select a previous or future frame from a first set of frames (referred to
as list 0) and determine a motion vector using only this previous or future frame from list 0.
Alternatively, motion estimation unit 32 may select a previous or future frame from a second
set of frames (referred to as list 1) and determine a motion vector using only this previous or
future frame from list 1. In yet another way, motion estimation unit 32 may select a first frame
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from list 0 and a second frame from list 1 and select one or more motion vectors from the first
frame of list O and the second frame of list 1. This third form of prediction may be referred to
as bi-predictive motion estimation. Techniques of this disclosure may be implemented so as to
efficiently select a motion-compensated bi-prediction mode. The selected motion vector for
any given list may point to a predictive video block that is most similar to the video block being
coded, e.g., as defined by a metric such as sum of absolute difference (SAD) or sum of squared
difference (SSD) of pixel values of the predictive block relative to pixel values of the block
being coded.

Karczewicz I, §0057:

More generally, weighted prediction may be given by:
pred(i,j)=(pred0(i,j)*w0+pred1(i,j)*wl+2")>>(r+1)

where pred(i,j) is data associated with the weighed prediction block, pred0(i,j) is data from list
0, predi(i,j) is data from list 1, wO and w1 are the weight factors, 2" is the rounding term, and
>> |s a right shift operation by (r+1) bits. Consistent with this disclosure, two different version
of pred(i,j) may be generated and considered by motion compensation unit 35. The first is
consistent with the equation above, and the second is consistent with the equation above
without rounding, i.e., with the term “2r” removed from the equation. Eliminating this rounding
may achieve better weighted predictive data in some cases, which can improve coding
efficiency. Motion compensation unit 35 may generate one or more syntax elements to define
whether or not rounding was used for a given video block or set of video blocks. Both the bi-
directional prediction mode and the one or more syntax elements indicating whether rounding
was used may be output form motion compensation unit 35 to entropy coding unit 46 for
inclusion in the encoded bitstream.
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Karczewicz I, 10058:

B pictures use two lists of previously-coded reference pictures, list 0 and list 1. These two lists
can each contain past and/or future coded pictures in temporal order. Blocks in a B picture may
be predicted in one of several ways: motion-compensated prediction from a list O reference
picture, motion-compensated prediction from a list 1 reference picture, or motion-compensated
prediction from the combination of both list O and list 1 reference pictures. To get the
combination of both list 0 and list 1 reference pictures, two motion compensated reference areas
are obtained from list 0 and list 1 reference picture respectively. Their combination will be used
to predict the current block.

Karczewicz I, 10060:

Default weighted prediction may be defined by the following equations for unidirectional
prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,j)

Bidirectional prediction: pred(i,j)=(predO(i,j)+pred1(i,j)+1)>>1
where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.

Karczewicz I, as evidenced by the example citations below, discloses using the first reference block
to obtain a first prediction, the first prediction having a second precision, which is higher than the first

precision.

See, e.0.,
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Karczewicz |1, §10010:

In addition, this disclosure also recognizes coding inefficiencies due to conventional rounding
of half-pixel values, and provides techniques that may improve interpolation by reducing or
eliminating intermediate rounding. In this case, interpolated half-pixel values may be rounded
for purposes of half-pixel interpolation. Quarter-pixel values, however, which may be
generated based on one or more of the interpolated half-pixel values, may rely on non-rounded
versions of the half-pixel values. This can eliminate propagation of rounding inaccuracies from
the half-pixel values to the quarter-pixel values. In some cases, slight rounding without
sacrificing the accuracy of the final values may be applied to one specific half-pixel value in
order to ensure that sixteen-bit storage elements can be used to store any intermediate values
of half-pixels. In particular, when fifteen possible sub-pixel locations are defined for every
pixel location, one of the specific half-pixel values may need to be generated based on other
half-pixel values (i.e., requiring two levels of half-pixel interpolation), and this specific half-
pixel value may require rounding to ensure that sixteen-bit storage elements can be used to
store all interpolated values.

Karczewicz I, §10038-39:

[0038] In another aspect of this disclosure, interpolation techniques are described that eliminate
or significantly reduce intermediate rounding of half-pixel values for quarter-pixel
interpolation. The techniques that eliminate or significantly reduce intermediate rounding may
be used with or without the techniques mentioned above that use pre-defined interpolation
filters. In other words, the techniques that eliminate or significantly reduce intermediate
rounding may be used during interpolation according to one or more pre-defined interpolation
filters, but could also be used with interpolation that uses a fixed interpolation filter or possibly
with adaptive refinement interpolations techniques.
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[0039] This disclosure recognizes coding inefficiencies that can occur due to conventional
rounding of half-pixel values, and proposes techniques to improve interpolation by eliminating
or reducing intermediate rounding. In this case, interpolated half-pixel values may be rounded
for purposes of half-pixel interpolation. Quarter-pixel values, however, which may be
generated based on one or more of the interpolated half-pixel values, may rely on non-rounded
versions of the half-pixel values. This can eliminate propagation of rounding inaccuracies from
the half-pixel values to the quarter-pixel values. In some cases, slight rounding may be applied
to some of the half-pixel values in order to ensure that a sixteen-bit data structure can be used
to store any intermediate values. In some cases, the impact of the slight rounding on the final
accuracy can be zero by performing the rounding properly. In any case, the elimination or
reduction of intermediate rounding may be done with or without the implementation of a
plurality of pre-defined interpolation filters, as described herein.

Karczewicz |1, §0053:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values purposes of half-pixel interpolation.
For quarter-pixel interpolation, however, video encoder 22 and video decoder 28 may store and
use non-rounded versions of the half-pixel values in order to reduce or eliminate propagation
of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In some cases,
slight rounding may be applied to one particular half-pixel value that requires two levels of
interpolation in order to ensure that a fixed size storage elements (e.g., sixteen-bit registers) can
be used to store any intermediate values. In some cases, the impact of the slight rounding on
the final accuracy can be made to be zero by performing the rounding properly, as described
herein.
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Karczewicz |1, 10059:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values for purposes of half-pixel
interpolation. For quarter-pixel interpolation, however, video encoder 22 and video decoder 28
may store and use non-rounded versions of the half-pixel values in order to reduce or eliminate
propagation of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In
some cases, slight rounding may be applied to one particular half-pixel value that requires two
levels of interpolation in order to ensure that fixed size storage elements (e.g., 16-bit registers)
can be used to store any intermediate values.

Karczewicz I, §10093-0094:

A sub-pixel motion vector refers to a sub-pixel position in a reference picture which needs to
be interpolated. H.264 defines one interpolation process for sub-pixels in which sub-pixels b
and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering with a 6-tap
filer having tap values (1, —5, 20, 20, —5, 1) as follows:

b1=C1-5*C2+20*C3+20*C4—-5*C5+C6

where “C1,” “C2,” “C3,” “C4,” “C5” and “C6” represent the six closest integer pixels that
surround “b” in the horizontal direction, with pixels “C3” and “C4” being the closest, “C2” and
“C5” being the next closest, and “C1” and “C6” being the next closest.

H1=A3-5*B3+20*C3+20*D3—-5*E3+F3
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where “A3,” “B3,” “C3,” “D3,” “E3” and “F3” represent the six closest integer pixels that
surround “h” in the vertical direction, with pixels “C3” and “D3” being the closest, “B3” and
“E3” being the next closest, and “A3” and “F3” being the next closest.

In this case, the values of “b” and “h” may be defined as:
b=max (0, min(255, (b1+16)>>5))
h=max(0, min(255, (h1+16)>>5))

where “>>” is a right-shift operation. In this disclosure, “>>" represents a right shift operation
and “<<” represents a left shift operation.

Karczewicz 11, 10095:
To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
jl=aal—5*bb1+20*b1+20*hh1-5*iil+jj1,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “ii11” and *“jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions
of “aa,” “bb,” “hh,” “ii”” and “jj.” The final value j may be calculated as:

j=max(0, min(255, (j1+512)>>10)).
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Karczewicz 11, 10096:
The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “,” “f,” “I,” “k,” and “n” may be

derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.

TABLE 1

a=(Ci+b+1)=>1
c=Cd+h+1)=>1
d={C3+h+1)=>1
l={D3+h+1)>=1
fa(j+b+1)z=1
i=f+h+11==1
k={j4+ec+11>>1
n={j+hh+1}>>1

Karczewicz I, §10097-0098:

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” are calculated according
to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.
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TABLE 2

e={b+h+1)==1

g={b+eatl)m=]
me= (h+hh+ 1) =1
o={ee+hh+1)=2=1

The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).

Karczewicz I, 110099-0100:

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “L,” “f,” “I,” “k,” and “n” are derived according to Table 3
by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” j,” “ee” and

“hh,” with upward rounding.

€ 9 ¢
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TABLE 3

am i3 <25 +hl +32}:.v:.-ﬁ
c=(C4 <5 +bl+32)>=6
d=(C3==3+hl+32)==06
|=(D3 <=3+hl +321>>0
f=(jl>=>5+bl+32)>=0

i=mijl==5+hl+32)>=0

kmijl > 5 4+ecl +32) 246
n=(jl == 35 +hhl +32)>=6

In this case, the intermediate values denoted as “eel” and “hh

tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in

the generation of “eel” and “hh1” as described herein.
Karczewicz 11, 10101-0102:

The pixels at quarter-pixel positions labeled as “e,” “g,” “

according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal

direction with upward rounding.

17 are derived by applying the 6-

m,” and “0” may be calculated
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TABLE 4

g=(hl +hl +32] ==&
gm=i(bl #eel +32) == 6
m=(hl+hhl +32)==6
o=(eel +hhl +32)>>0

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “b1,” “hl,” “eel,” and “hh1” for purposes of quarter-pixel generation.

Karczewicz 11, §0103:

Unfortunately, interpolation of value “}” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “j” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for
interpolation of other sub-pixel positions.
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TABLE 5

positions {a, ¢, d, 1} of FIGS, 44-4D

Min Max Register

Operation Comment value value  size
rl=x rl is integer pixel x 0 255 Bu
rl=rl=<5 rlis32%x ] 8160 13u
12 =y0 12 is y0 (v0 is 4 one- =2550 10710 15s

dimensional (1-D)

half-pixel such as bl, hl, eel

and hhl before shifting down)
rl=rl+12 rlis32*x+y0 —2550 18870 lés
rl=rl+32 rlis32%x+¥0+32 -2518 18902 16s
lerls>6 rlis(32*x+y0+ 32526 -39 205 11s
rl = max clip rl on the low side 0 295 10u
(0, r1})
rl =min clip rl on the high side 0 255 Bu
(233, 11)
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TABLE 6

positions {e. g m. o} of FIGS, 4A-4D

Min Max Register
Operation Comument value value size

rl = yi rl is v (y0 iz a 1-ID half-pixel =2550 10710 158
guch as hl, hl, eel and hhl
hefore shifting down)

2=vl 2isyl (vlisal-Dhalf-pixel  -2330 10710 155
such as bi, hi, eel and hhl
hefore shifting down)

rl=rl+12 rlisvD+vyl =5100 21420 16s
rl=r1+32 rlizsv0+vyl+32 =506% 21452 16s
fl=rl==6 rlig{y0+vyl+32)>=6 =79 335 11s
1l = max clip 1 on the low side 0 335 10u
(o, rl}

rl =min clip 1 on the high side 0 255 Bu
(255, rl)

Karczewicz |1, 10104-0106:

Table 7, below, illustrates a sixteen-bit implementation of deriving pixel value at pixel location
“5.” All 1-D half-pixels “aal,” “bbl,” “bl,” “hhl1,” “iil” and “jj1” are obtained without any
shift down. The clipping range to avoid overflow is (—2372,18640). Again shaded rows in the
table indicate operations that are only performed at the end of the interpolation process, and
these results are not used for the interpolation of other sub-pixel positions. The intermediate

value “j1” will be saved for the interpolation of “f,” “I,” “k™ and “n.”
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TABLE 7

position {j} of FIGS. 4A-4D

Reg-
Min Max | ister
Operation Comment value | value | size
rl =y0 y(tis 1-I) half-pixel aal -2550 | 10710 | 13s
before shifting down
r2=y5 ¥3 is 1-D half-pixel jjl -2550 | 10710 | 13s
before shifting down
rl =1l +12 rlisy0 +y5 -5100 | 21420 | 16s
r2 =yl y1 is 1-¥ half-pixel hh1 =2550 | 10710 | 15s
before shifting down
3 =yd yd is 1-D halfpixel il -2550 | 10710 | 158
before shifting down
r2 =12 +13 12isyl +y4 -5100 | 21420 | 16s
rl=rl-r2 rlis (y0 +¥5) - (y1 +x4) [-265200 | 26520 | 16s
rl=r1l>=2 rlis ((y0h + w5} - -6630 | 6630 | 14s
(¥l +ydy) == 1
3=yl ¥2 is 1-D half-pixel bl -2550 | 10710 | 138
before shifting down
rd = y3 ¥3 is 1-T hal f-pixel hhl -2550 | 10710 | 15s
before shifting down
3=13 13 isy2 +y3 -5100 | 21420 | 16s
3= clip r3 to avoid overflow -2372 | 21420 | 16s
maxi-2372,13) | tlow side)
3= clip 13 1o avoid overflow -2372 | 18640 | 188
min(18640, £33 | (high side)
r2=r3-rd 12 is(y2+y3) iyl +vd) [-23792 [ 23740 | l6s
rl=rl+12 1l is ({y0 + ¥5) - -30422 | 30370 | 16s
5* (yl +ydn +
4% (y2 +y3)) > 2
tl=¢l ==2 rLis (fy0+ ¥3) - -7605 | 7502 | 14ds
5 [yl + ydi) 4
A (y2 +y3)) =>4
rl=rl+13 7l is ({y0 + ¥5) - 5077 | 26232 | l6s
5% [yl +yd)) +
207 (y2 +y3p)>=4
jl=r store result
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Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f,1,k,n}, which are the positions that use to interpolate the intermediate value

“j 1 .7’
TABLE 8
positions {f, i, k, n} of FIGS. 4A-4D
Min Max  Register

Orperation Comment value vialue  size
rl o= i rl is ¥0O (1-D half-pixel =2550 10710 15s

such ag b1, hl, eel and

hihl before shifting down)
2=jl r2 g j1 (2-D half-pixel )1 -0914 26232 l6s

betore shitting down)
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TABLE B-continued

positions 46 i, k. n} of FIGS. 4A-4D

Min Max  Register

Operation Comment value value  size
r2=r2z=1 r2isjl==1 —4957 13116 155
rl=rl+12 rlisvi+{jl==1) =T507 23826 loGs
rl=r1+32 rlisyl+(jl==1)+32 -T491 23842 l6s
rl=rl==6 rlis{¥l+(l==11+ =233 43 1ls
3i==0h

rl = max clip 11 on the low side 0 745 10n
(0, rl}

rl = min clip r1 on the high side ] 255 fu
(2535 r)

In short, the discussion above demonstrates a complete technique for interpolating every
possible sub-pixel location “a,” “b,” “c,” “d,” “e,” “f,” “g,” “h,” “L,” j,” “k,” “I,” “m,” “n,” and
“0” without exceeding sixteen-bit storage elements, which is desirable for an implementation.
Most intermediate half-pixel values remain unrounded for purposes of quarter-pixel
interpolation. However, pixel location “j” is a special case that may require rounding of
intermediate results for purposes of generating its half-pixel value since pixel location “j”
requires two levels of half-pixel interpolation. In accordance with this disclosure, however, the

rounding in pixel location “j”” will not impact the accuracy of the final value of quarter-pixels

[1393]

which rely on .
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Karczewicz 11, Figs. 4A-4D:

H B BHEH B E B s
A =
Dol M B E = ER
= B =T
B B BOEH E =] =]
F B o =] [] o [
FIG. 4A FIG. 4B
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o] # [~

-] & [

FIG. 4C

See also the disclosures of limitation 1[a], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of

H

FIG. 4D

Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in

......

(=]

light of one or more of any of the references identified in Exhibit E-9.

=]
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1[c] using said second | Karczewicz I, as evidenced by the example citations below, discloses using the second reference block
reference block to obtain a | to obtain a second prediction, the second prediction having the second precision.

second prediction, said second
prediction having the second | Karczewicz I, 10007:

precision; ] ] o ) L
For P- and B-video blocks, motion estimation generates motion vectors, which indicate the

displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, 10024:

Weighted prediction refers to bi-directional prediction in which weights can be assigned to two
or more different sets of predictive data. Default weighted prediction refers to weighted
prediction in which the weight factors associated with two or more different lists are pre-
defined by some default setting. Default weighted prediction, in some cases, may assign equal
weightings to each of the lists. Implicit weighted prediction refers to weighted prediction in
which the weight factors associated with two or more different lists are defined based on some
implicit factors associated with the data. For example, implicit weight factors may be defined
by the temporal positions of the data in the two different lists relative to the data being
predictively coded. If data in list O is temporally closer to the data being predictively coded
than data in list 1, then the data is list 0 may be assigned a greater implicit weigh factor in
implicit weighted prediction.
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Karczewicz I, 10041:

Following inter-based predictive encoding (which includes interpolation and the techniques of
this disclosure to efficiently select a prediction algorithm or mode by which to predict a coded
unit), and following any transforms (such as the 4x4 or 8x8 integer transform used in
H.264/AVC or a discrete cosine transform or DCT), quantization may be performed.
Quantization generally refers to a process in which coefficients are quantized to possibly reduce
the amount of data used to represent the coefficients. The quantization process may reduce the
bit depth associated with some or all of the coefficients. For example, a 16-bit value may be
rounded down to a 15-bit value during quantization. Following quantization, entropy coding
may be performed, e.g., according to content adaptive variable length coding (CAVLC),
context adaptive binary arithmetic coding (CABAC), or another entropy coding methodology.

Karczewicz I, 10044:

For different types of weighted bi-directional prediction in accordance with ITU-T H.264,
video encoder 22 and video decoder 28 may generally support three different types of
prediction modes. A first prediction mode, referred to as “default weighted prediction,” refers
to weighted prediction in which the weight factors associated with two or more different lists
are pre-defined by some default setting. Default weighted prediction, in some cases, may assign
equal weightings to each of the lists.

Karczewicz I, 10048:

In accordance with another aspect of this disclosure, video encoder 22 may select among
default weighted prediction, implicit weighted prediction, and explicit weighted prediction. In
this aspect, rather than consider each of these possibilities relative to one another, encoder 22
may be programmed to select between default weighted prediction and implicit weighted
prediction. The selection, then, may be compared to explicit weighted prediction. Specifically,
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encoder 22 may perform explicit weighted prediction to calculate explicit weight factors, but
encoder 22 may also compare the computed explicit weighted prediction to explicit weighted
prediction having weight factors that correspond to those defined by either default weighted
prediction or implicit weighted prediction.

Karczewicz I, 10055:

According to the ITU-T H.264/AVC standard, three motion-compensated bi-predictive
algorithms or modes may be used to predict a B-frame or portions thereof, such as video blocks,
macroblocks or any other discreet and/or contiguous portion of a B-frame. A first motion-
compensated bi-predictive algorithm or mode, which is commonly referred to as default
weighted prediction, may involve applying default weights to each identified video block of
the first frame of list 0 and the second frame of list 1. The default weights may be programmed
according to the standard, and are often selected to be equal for default weighted prediction.
The weighted blocks of the first and second frames are then added together and divided by the
total number of frames used to predict the B-frame, e.g., two in this instance. Often, this
division is accomplished by adding 1 to the addition of the weighted blocks of the first and
second frames and then shifting the result to the right by one bit. The addition of 1 is a rounding
adjustment.

Karczewicz 1, 10057:
More generally, weighted prediction may be given by:
pred(i,j)=(pred0(i,j)*w0+pred1(i,j)*wl+2")>>(r+1)

where pred(i,j) is data associated with the weighed prediction block, pred0(i,j) is data from list
0, pred1(i,j) is data from list 1, w0 and w1 are the weight factors, 2" is the rounding term, and
>> is a right shift operation by (r+1) bits. Consistent with this disclosure, two different version
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of pred(i,j) may be generated and considered by motion compensation unit 35. The first is
consistent with the equation above, and the second is consistent with the equation above
without rounding, i.e., with the term “2r” removed from the equation. Eliminating this rounding
may achieve better weighted predictive data in some cases, which can improve coding
efficiency. Motion compensation unit 35 may generate one or more syntax elements to define
whether or not rounding was used for a given video block or set of video blocks. Both the bi-
directional prediction mode and the one or more syntax elements indicating whether rounding
was used may be output form motion compensation unit 35 to entropy coding unit 46 for
inclusion in the encoded bitstream.

Karczewicz I, 10058:

B pictures use two lists of previously-coded reference pictures, list 0 and list 1. These two lists
can each contain past and/or future coded pictures in temporal order. Blocks in a B picture may
be predicted in one of several ways: motion-compensated prediction from a list O reference
picture, motion-compensated prediction from a list 1 reference picture, or motion-compensated
prediction from the combination of both list 0 and list 1 reference pictures. To get the
combination of both list 0 and list 1 reference pictures, two motion compensated reference areas
are obtained from list 0 and list 1 reference picture respectively. Their combination will be used
to predict the current block.

Karczewicz I, 10060:

Default weighted prediction may be defined by the following equations for unidirectional
prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,j)

Bidirectional prediction: pred(i,j)=(pred0(i,j)+pred1(i,j)+1)>>1
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where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.

Karczewicz I, as evidenced by the example citations below, discloses using the second reference block
to obtain a second prediction, the second prediction having the second precision.

See, e.g.,
Karczewicz |1, §0010:

In addition, this disclosure also recognizes coding inefficiencies due to conventional rounding
of half-pixel values, and provides techniques that may improve interpolation by reducing or
eliminating intermediate rounding. In this case, interpolated half-pixel values may be rounded
for purposes of half-pixel interpolation. Quarter-pixel values, however, which may be
generated based on one or more of the interpolated half-pixel values, may rely on non-rounded
versions of the half-pixel values. This can eliminate propagation of rounding inaccuracies from
the half-pixel values to the quarter-pixel values. In some cases, slight rounding without
sacrificing the accuracy of the final values may be applied to one specific half-pixel value in
order to ensure that sixteen-bit storage elements can be used to store any intermediate values
of half-pixels. In particular, when fifteen possible sub-pixel locations are defined for every
pixel location, one of the specific half-pixel values may need to be generated based on other
half-pixel values (i.e., requiring two levels of half-pixel interpolation), and this specific half-
pixel value may require rounding to ensure that sixteen-bit storage elements can be used to
store all interpolated values.

Karczewicz |1, 10038:

In another aspect of this disclosure, interpolation techniques are described that eliminate or
significantly reduce intermediate rounding of half-pixel values for quarter-pixel interpolation.
The techniques that eliminate or significantly reduce intermediate rounding may be used with

” Nokia Exhibit 2006, p. 79

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

or without the techniques mentioned above that use pre-defined interpolation filters. In other
words, the techniques that eliminate or significantly reduce intermediate rounding may be used
during interpolation according to one or more pre-defined interpolation filters, but could also
be used with interpolation that uses a fixed interpolation filter or possibly with adaptive
refinement interpolations techniques.

Karczewicz |1, 10053:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values purposes of half-pixel interpolation.
For quarter-pixel interpolation, however, video encoder 22 and video decoder 28 may store and
use non-rounded versions of the half-pixel values in order to reduce or eliminate propagation
of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In some cases,
slight rounding may be applied to one particular half-pixel value that requires two levels of
interpolation in order to ensure that a fixed size storage elements (e.g., sixteen-bit registers) can
be used to store any intermediate values. In some cases, the impact of the slight rounding on
the final accuracy can be made to be zero by performing the rounding properly, as described
herein.

Karczewicz |1, §0059:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values for purposes of half-pixel
interpolation. For quarter-pixel interpolation, however, video encoder 22 and video decoder 28
may store and use non-rounded versions of the half-pixel values in order to reduce or eliminate
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propagation of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In
some cases, slight rounding may be applied to one particular half-pixel value that requires two
levels of interpolation in order to ensure that fixed size storage elements (e.g., 16-bit registers)
can be used to store any intermediate values.

Karczewicz |1, 110093-0094:

A sub-pixel motion vector refers to a sub-pixel position in a reference picture which needs to
be interpolated. H.264 defines one interpolation process for sub-pixels in which sub-pixels b
and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering with a 6-tap
filer having tap values (1, —5, 20, 20, =5, 1) as follows:

b1=C1-5*C2+20*C3+20*C4-5*C5+C6

where “C1,” “C2,” “C3,” “C4,” “C5” and “C6” represent the six closest integer pixels that
surround “b” in the horizontal direction, with pixels “C3” and “C4” being the closest, “C2” and
“C5” being the next closest, and “C1” and “C6” being the next closest.

h1=A3-5*B3+20*C3+20*D3—-5*E3+F3

where “A3,” “B3,” “C3,” “D3,” “E3” and “F3” represent the six closest integer pixels that
surround “h” in the vertical direction, with pixels “C3” and “D3” being the closest, “B3” and
“E3” being the next closest, and “A3” and “F3” being the next closest.

In this case, the values of “b” and “h” may be defined as:
b=max(0, min(255, (b1+16)>>5))

h=max(0, min(255, (h1+16)>>5))
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where ‘“>>” is a right-shift operation. In this disclosure, “>>" represents a right shift operation
and “<<” represents a left shift operation.

Karczewicz |1, 10095:

To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
j1=aal—5*bb1+20%b1+20*hh1-5*iil+ij1,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “iil” and “jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions
of “aa,” “bb,” “hh,” “ii” and “jj.” The final value j may be calculated as:

j=max(0, min(255, (j1+512)>>10)).

Karczewicz |1, 10096:

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “i,” “k,” and “n” may be

derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.

82 Nokia Exhibit 2006, p. 82
Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

TABLE 1

a=iCi+h+1)==1
c=(Cd+h+1)=>1
d={C3+h+1)=>1
l=(D3+h+1)>=1
faij+b+1lz=1
i=(j+h+]l)==1
k=(+ee+1)>>1
n={j+hh+1}>>1

Karczewicz 11, 110097-0098:
The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “o0” are calculated according

to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.

TABLE 2

e={b+h+1)==1

g={b+ee+l)==1
me=ih+hh+1)==1
om{ee+hh+ 1) 21

The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).
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Karczewicz I, 110099-0100:

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f)” “1,” “k,” and “n” are derived according to Table 3

by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” *j,” “ee” and
“hh,” with upward rounding.

TABLE 3

am(Cl =<5+ bl +32) =0
=4 <<54hl +32) 5206
d={C3 <5 hl +32) =0
I1=(D3 <<35+hl +32) =06
f=[jl>>5+bl+32)>=0

im{jl==>5+hl +32)==0

k=ijl =5 %ecl +32) 226
n=jl >»5 «hhl 32} 226

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.
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Karczewicz I, 110101-0102:

(13 bR 19 2 <6

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be calculated
according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal
direction with upward rounding.

TABLE 4

g=(hl +hl + 32 ==&
gm=i(bl #eel +32) == 6
m=(hl+hhl +32)==6
o=(eel +hhl +32)>>0

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “b1,” “h1,” “eel,” and “hh1” for purposes of quarter-pixel generation.

Karczewicz |1, 10103:

(1952}

Unfortunately, interpolation of value “}” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “}” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation

process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
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defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for

interpolation of other sub-pixel positions.
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TABLE 5

positions {a, ¢, d, |} of FIGS, 4A-41)

Min Max Register

Operation Comment value value size
rn=x rl is integer pixel x 0 255 Bu
rl=rl=<5 rlis32%*x 0 Blag 13u
12 =y0 1215 y0 (Y015 4 one- =2550 10710 155

dimensional (1-1

half-pizel such as b1, hl, ecl

and hhl before ghifting down)
rl=rl+12 rlis32*x+vy0 =2550  18ETO l6s
rl=rl +32 rlis32*x+v0+32 -2518 18902 lo6s
rlmrl =06 ris(32%* x+y0+32) 206 -39 295 11s
rl = max clip 11 on the low side 0 295 10n
(0, rl}
rl =min clip rl on the high side 0 255 Bu
(233, rl)
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TABLE 6

positions {e, g m. o} of FIGS, 4A-4D

Min Max Register
Operation Conunent value value size
rl =y rl s v (vOis a 1-D half-pixel  =2550 10710 15s

guch as b1, hl, eel and hhl
hefore shifting down)
2=v1 r2isvl (wlisa l-D half-pixe]  -2330 10710 15s
sueh as bi, hl, eel and hhl
hefore shifting down)

rl=rl+12 rlisy0+vyl =5100 21420 16s
rl=rl +32 rlisv0+yl+32 =5068 21452 16s
fl=rl>=6 rlis(y0+v]l+32)5=6 =79 335 11s
1l = max clip r1 on the low side 0 335 1tn
(0, 1}

rl =min clip r1 on the high side 0 2535 Hu
(255, rl)

Karczewicz |1, §0104-106:

Table 7, below, illustrates a sixteen-bit implementation of deriving pixel value at pixel location
“5.” All 1-D half-pixels “aal,” “bbl,” “bl,” “hhl1,” “iil” and “jj1” are obtained without any
shift down. The clipping range to avoid overflow is (—2372,18640). Again shaded rows in the
table indicate operations that are only performed at the end of the interpolation process, and
these results are not used for the interpolation of other sub-pixel positions. The intermediate
value “j1” will be saved for the interpolation of “f,” “i,” “k” and “n.”
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TABLE 7

position {j} of FIGS. 4A-4D

Reg-
Min Max | ister
Operation Comment value | wvalue | size
rl =0 ¥itis 1-I half-pixel aal -2550 | 10710 | 158
belore shifting down
r2=vy§ ¥3 is 1-D halfpixel jjl -2550 | 10710 | 158
belore shifting down
rl=rl +12 1 isyD +y5 =5100 | 21420 | 16s
r2 =yl y1is 1-T¥ half-pixel hh1 -3550 | 10710 | 158
before shifting down
3 =v4 v is 1-D half-pizel iil -2550 | 10710 | 15s
before shifting down
r2=r2+13 2isyl +yd =5100 | 21420 | 16s
rl=rl-r2 rlis (w0 +¥5)-(yl +yd) | -26520 | 26520 | 16s
rl=rl =2 11 is ((y0 + v5) - -6630 | 6630 | 14s
(¥l +ydp >>2
3=yl ¥2 is 1-D hal Fpixel bl -2550 | 10710 | 15s
before shifting down
4 =y3 ¥3 is 1-D half-pixel hhl =2550 | 10710 | 158
before shifting down
3= +rd 13isy2 +y3 -5100 | 21420 | 16s
3= clip 13 to avoid overflow -2372 | 21420 | 16s
max(-2372, 13) | (low side}
3= clip 13 10 avoid overflow -2372 | 18040 | l6s
min(18640, 13) | (high side)
r2=r3-r4 12 is(y2+y3) - (yl +y4) | -23792 | 23740 | lés
rl=rl+12 Tl is ({0 + 3} - -30422 [ 30370 | l6s
5yl +yd)) +
4% (y2 +y3)p>=12
tl=rl =2 1l is (fy0 +y5) - -T605 | 7502 | 14s
Syl +ydyy+
4% [y2 +y3) e d
rl =rl +13 tlis ((y0 +y5) - -0977 | 26232 | l6s
5% (vl +yd)) +
208 (y2 +ydy =
jl1=r11 store result
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Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value

“j 1 .77
TABLE 8
positions {1 i, k, n} of FIGS, 4A-4D
Min Max  Register

Operation Comment value value  size
rl =¥ rl is vy (1-D half-pixel =2550 10710 15s

such as b1, hl, eel and

hihl before shifting down)
r2=jl 215 1 {2-D half-pixel j1 0914 26232 16s

betore shitting down)
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TABLE B-continued

positions 480, k. n} of FIGS. 4A-4D

Min Max  Register

Operation Comment value value  size
r2=r2z>1 r2isjl==1 —4957 13116 155
rl=rl+12 rlisv0+{jl ==1) =7507 23826 16s
rl=rl +32 rlisy0+ (jl ==1}+32 — 7491 23842 16s
l=rl==6 rlis{yl+(j]l==11+ =235 45 1ls
==t

rl = max clip r1 on the low side 0 45 10u
(0, rl})

rl = min clip r1 on the high side 0 255 Bu
(255, rl)

In short, the discussion above demonstrates a complete technique for interpolating every
possible sub-pixel location “a,” “b,” “c,” “d,” “e,” “f,” “g,” “h,” “1,” *j,” “k,” “L,” “m,” “n,” and
“0” without exceeding sixteen-bit storage elements, which is desirable for an implementation.
Most intermediate half-pixel values remain unrounded for purposes of quarter-pixel
interpolation. However, pixel location “j” is a special case that may require rounding of
intermediate results for purposes of generating its half-pixel value since pixel location “j”
requires two levels of half-pixel interpolation. In accordance with this disclosure, however, the
rounding in pixel location “j”” will not impact the accuracy of the final value of quarter-pixels

[1393]

which rely on .
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Karczewicz 11, Figs. 4A-4D:

H B BHEH B E B s
A =
Dol M B E = ER
= B =T
B B BOEH E =] =]
F B o =] [] o [
FIG. 4A FIG. 4B
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[=] /) [=]
d e f ]
1 mion o

o] # [~

-] & [

FIG. 4C

See also the disclosures of limitation 1[b], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of

H

FIG. 4D

Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in

......

(=]

light of one or more of any of the references identified in Exhibit E-9.

=]
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1[d] obtaining a combined
prediction based at least partly
upon said first prediction and
said second prediction;

Karczewicz 1, as evidenced by the example citations below, discloses obtaining a combined prediction
based at least partly upon the first prediction and the second prediction.

See, e.0.,
Karczewicz I, 10060:

Default weighted prediction may be defined by the following equations for unidirectional
prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,j)
Bidirectional prediction: pred(i,j)=(predO(i,j)+pred1(i,j)+1)>>1
where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.

Karczewicz 1, as evidenced by the example citations below, discloses obtaining a combined prediction
based at least partly upon the first prediction and the second prediction.

See, e.g.,
Karczewicz |1, 10054:

FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
motion compensated interpolation consistent with this disclosure. Video encoder 50 may
correspond to video encoder 22 of device 20, or a video encoder of a different device. Video
encoder 50 may perform intra- and inter-coding of blocks within video frames, although intra-
coding is not illustrated. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame. Inter-coding relies on temporal prediction to
reduce or remove temporal redundancy in video within adjacent frames of a video sequence.
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Intra-mode (I-mode) may refer to the spatial based compression mode and Inter-modes such as
prediction (P-mode) or bi-directional (B-mode) may refer to the temporal based compression
modes. The techniques of this disclosure typically may be applied during inter-coding, and
therefore, intra-coding units such as spatial prediction unit are not illustrated in FIG. 2 for
simplicity and ease of illustration. However, the rounding techniques of this disclosure may
also be applicable to spatial prediction and intra coding techniques.

Karczewicz I, 110093-0106:

A sub-pixel motion vector refers to a sub-pixel position in a reference picture which needs to
be interpolated. H.264 defines one interpolation process for sub-pixels in which sub-pixels b
and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering with a 6-tap
filer having tap values (1, —5, 20, 20, =5, 1) as follows:

b1=C1-5*C2+20*C3+20*C4—-5*C5+C6

where “C1,” “C2,” “C3,” “C4,” “C5” and “C6” represent the six closest integer pixels that
surround “b” in the horizontal direction, with pixels “C3” and “C4” being the closest, “C2” and
“C5” being the next closest, and “C1” and “C6” being the next closest.

h1=A3-5*B3+20*C3+20*D3—5*E3+F3

where “A3,” “B3,” “C3,” “D3,” “E3” and “F3” represent the six closest integer pixels that
surround “h” in the vertical direction, with pixels “C3” and “D3” being the closest, “B3” and
“E3” being the next closest, and “A3” and “F3” being the next closest.

In this case, the values of “b” and “h” may be defined as:

b=max(0, min(255, (b1+16)>>5))
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h=max (0, min(255, (h1+16)>>5))
where “>>” is a right-shift operation. In this disclosure, “>>" represents a right shift operation
and “<<” represents a left shift operation.

To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
jl=aal—5*bb1+20*b1+20*hh1-5*iil+jj1,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “iil” and “jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions
of “aa,” “bb,” “hh,” “ii” and “jj.” The final value j may be calculated as:

j=max(0, min(255, (j1+512)>>10)).

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “1,” “k,” and “n” may be
derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.

[AHLE ]

a=iCisb+11x1
cmiCd+b+]117x1
A=l +hslpze]
l= {3 +h+ 1]=x1
fe+h+ll==1

i=fsh+l1==1

k-_lll'\.'l-ll.'\-.\-l

(13 99 ¢ 29 ¢

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” are calculated according
to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.
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TAaBLE 2

I+ 1) =1
pmib+es+ 1z
m={h=hh+1]==1

g=iceehh+ 1)1

The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f,” “1,” “k,” and “n” are derived according to Table 3

by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” “j,” “ee” and
“hh,” with upward rounding.

TABLE 3

127 »n

1
1
«i+hl+1

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.
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(13 29 <¢ 29 <¢ 2

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be calculated
according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal
direction with upward rounding.

TABLE 4

g bl hl &30 s
ge=i{bl +eel 432 wx i
m=(hl «hhi + 3 3
o= {eel v hhi + 32} =0 &

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “b1,” “hl,” “eel,” and “hh1” for purposes of quarter-pixel generation.

Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “;” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b”” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations

defined in each column are performed sequentially through the respective table. Shaded rows
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contain operations that are performed at the end of the process,

interpolation of other sub-pixel positions.

TABLE 5

positiong {s, ¢, d, 1} of FKGS5, 4 44D

wWin Max  Register

Ciperation Comment valie walne  sime
rl=% rl iz ingeger pivel x ] FAS 0y
rl=rl =% plinil*x ] A6 13m
-] v im ik {vikis a one 2550 MTIr 158

dimensional 103}

talfepixned such ns bl hl, ==l

and hhl bedore shifting down)
rl=rl+r2  rlis32*x+ vl -2550  1BE™ lés
rlemrl+32 rlis32*x+ vl +32 -251%  1B®02 lés
tl=slz=8 sl {32 %a+vls+33 20 -39 5 1la
rl = Filas clip £l o the low aicke il 5 1w
{11
Fl =pmin clip 11 om the high ride i} T84 iy

(235,

and are not used for
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TABLE 6

positions {e, g m. o} of FIGS, 4A-4D

Min Max Register
Operation Conunent value value size
rl =y rl s v (vOis a 1-D half-pixel  =2550 10710 15s

guch as b1, hl, eel and hhl
hefore shifting down)
2=v1 r2isvl (wlisa l-D half-pixe]  -2330 10710 15s
sueh as bi, hl, eel and hhl
hefore shifting down)

rl=rl+12 rlisy0+vyl =5100 21420 16s
rl=rl +32 rlisv0+yl+32 =5068 21452 16s
fl=rl>=6 rlis(y0+v]l+32)5=6 =79 335 11s
1l = max clip r1 on the low side 0 335 1tn
(0, 1}

rl =min clip r1 on the high side 0 2535 Hu
(255, rl)

Table 7, below, illustrates a sixteen-bit implementation of deriving pixel value at pixel location
“5.” All 1-D half-pixels “aal,” “bb1,” “bl,” “hhl,” “iil” and “jj1” are obtained without any
shift down. The clipping range to avoid overflow is (—2372,18640). Again shaded rows in the
table indicate operations that are only performed at the end of the interpolation process, and
these results are not used for the interpolation of other sub-pixel positions. The intermediate
value “j1” will be saved for the interpolation of “f,” “i,” “k” and “n.”
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TABLET

positian (i} of FIGS. 48-40

1070 | 13s

2550 | LOTIO | 15
2420 | 1w

Lo7in | 135

2550 | LOTIO | 135
1

lés

lds

-850 | L0TIO | 158

2550 | L0710 | 158

S5 | 20420 | 16
i f cverflow -2372 | M | 16w
maxf-2372, 13

2152 6=
rl=rl+12 rl & iyl + v5) 0422 lis
3%yl + a4
A" [y2+ v 2

rl=rl *=2 rl = iyl + - Tl 7592 | I4s

4=

SOTT [ 26232 | Lhs

1=1l shore resuli

SR e

z»wngxix gw;i-pc e i-«ix ;gz-« %_%E
oo immReSEsREd T
g%ﬁgﬁ%w- e e T éﬁﬁ ?ﬂﬁeé :al'&ﬁ
P T
L B
[ITIOE ETTDTI ST Ee SRR IR
= e L
ST i e
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Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value

‘Cj 1 .”

TABLE &

positions If, L k. o} of FIGE. 4A4-4D

Mn Max  Regster
Operation Commeent value valme s
rl =il rl is 0 (LT half-pixel 2330 Lo 15%
=xhnsbl, hl. ecl and
] beefire shifting dowe)

rlmjl r2 is il (21 hal fpixed jL -214 4232 lis

befome shiltimg down)

TABLE &-continucd

positions {F ik n} ol FIGE. dA=d[)
Min Mm  Register
Chpemtion Comment vl valee  sie
Marlss]l f@isjl sz 957 13118 135
rlemrler2 ol isylha 1 =1} 307 2IRM 6=
rlerl+ 32 ol isyla 1 e 1)+ 32 Td9q 23842 ids
rlmrlzndi ol is {pll e (jl a1} 135 s s
2)=xfi

rl =max clip rl on the v sicde { TdS  10m
(i)

rl =min clip rl o= the high side o 155 Bm

(255,71}

In short, the discussion above demonstrates a complete technique for interpolating every
possible sub-pixel location “a,” “b,” “c,” “d,” “e,” “f,” “g,” “h,” “1,” *9,” “k,” “1,” “m,” “n,” and
“0” without exceeding sixteen-bit storage elements, which is desirable for an implementation.
Most intermediate half-pixel values remain unrounded for purposes of quarter-pixel
interpolation. However, pixel location “}” is a special case that may require rounding of
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[13%2]

intermediate results for purposes of generating its half-pixel value since pixel location “j
requires two levels of half-pixel interpolation. In accordance with this disclosure, however, the

[13%2]

rounding in pixel location “j”” will not impact the accuracy of the final value of quarter-pixels

1392

which rely on .
See also the disclosures of limitations 1[b] and 1[c], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

1[e] decreasing a precision of
said combined prediction by
shifting bits of the combined
prediction to the right; and

Karczewicz 1, as evidenced by the example citations below, discloses decreasing a precision of the
combined prediction by shifting bits of the combined prediction to the right.

Karczewicz I, §0060:

Default weighted prediction may be defined by the following equations for unidirectional
prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,j)

Bidirectional prediction: pred(i,j)=(predO(i,j)+pred1(i,j)+1)>>1
where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.
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Karczewicz I, 10055:

According to the ITU-T H.264/AVC standard, three motion-compensated bi-predictive
algorithms or modes may be used to predict a B-frame or portions thereof, such as video blocks,
macroblocks or any other discreet and/or contiguous portion of a B-frame. A first motion-
compensated bi-predictive algorithm or mode, which is commonly referred to as default
weighted prediction, may involve applying default weights to each identified video block of
the first frame of list 0 and the second frame of list 1. The default weights may be programmed
according to the standard, and are often selected to be equal for default weighted prediction.
The weighted blocks of the first and second frames are then added together and divided by the
total number of frames used to predict the B-frame, e.g., two in this instance. Often, this
division is accomplished by adding 1 to the addition of the weighted blocks of the first and
second frames and then shifting the result to the right by one bit. The addition of 1 is a rounding
adjustment.

Karczewicz 1, 10057:
More generally, weighted prediction may be given by:
pred(i,j)=(pred0(i,j)*wO+pred1(i,j)*wl+2")>>(r+1)

where pred(i,j) is data associated with the weighed prediction block, pred0(i,j) is data from list
0, pred1(i,j) is data from list 1, w0 and w1 are the weight factors, 2" is the rounding term, and
>> is a right shift operation by (r+1) bits. Consistent with this disclosure, two different version
of pred(i,j) may be generated and considered by motion compensation unit 35. The first is
consistent with the equation above, and the second is consistent with the equation above
without rounding, i.e., with the term “2r” removed from the equation. Eliminating this rounding
may achieve better weighted predictive data in some cases, which can improve coding
efficiency. Motion compensation unit 35 may generate one or more syntax elements to define
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whether or not rounding was used for a given video block or set of video blocks. Both the bi-
directional prediction mode and the one or more syntax elements indicating whether rounding
was used may be output form motion compensation unit 35 to entropy coding unit 46 for
inclusion in the encoded bitstream.

Karczewicz Il, as evidenced by the example citations below, discloses decreasing a precision of the
combined prediction by shifting bits of the combined prediction to the right.

See, e.0.,

Karczewicz 11, 10094:
In this case, the values of “b” and “h” may be defined as:
b=max(0, min(255, (b1+16)>>5))

h=max (0, min(255, (h1+16)>>5))
where “>>” is a right-shift operation. In this disclosure, ‘“>>" represents a right shift operation
and “<<” represents a left shift operation.

See also, e.g., 110094-0103 (using the “>>" right shift operation).

In this case, the values of “b” and “h” may be defined as:

b=max(0, min(255, (b1+16)>>5))

h=max(0, min(255, (h1+16)>>5))

where “>>” is a right-shift operation. In this disclosure, “>>" represents a right shift operation
and “<<” represents a left shift operation.
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To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
jl1=aal—5*bb1+20*b1+20*hh1-5*iil+j;1,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “ii1” and *“jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions
of “aa,” “bb,” “hh,” “i1” and “jj.” The final value j may be calculated as:

j=max(0, min(255, (j1+512)>>10)).

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “i,” “k,” and “n” may be
derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.

[ABLE ]

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” are calculated according
to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.

TABLE 2
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The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f)” “1,” “k,” and “n” are derived according to Table 3

by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” *j,” “ee” and
“hh,” with upward rounding.

TABLE 3

AmCiae S ahl 4 3122 b

CcomiCd e 5 bl 4321206

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be calculated
according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal
direction with upward rounding.
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TABLE 4

e=lhl & hl + 32 ==&

g={bl +eel +321»= 6
m={hl «hht  §i2j==é
oo {mel o hhi + 32} 2n &

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “bl,” “h1,” “eel,” and “hh1” for purposes of quarter-pixel generation.
Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate “j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for
interpolation of other sub-pixel positions.
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TABLE 5

positiong {s, ¢, d, 1} of FKGS5, 4 44D

wWin Max  Register

Ciperation Comment valie walne  sime
rl=% rl iz ingeger pivel x ] FAS 0y
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Karczewicz |1, 0105, Table 8:

Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value

5Cj 1 .9,
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TABLE 8-continued
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See also the disclosures of limitations 1[b], 1[c], and 1[d], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of

Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in

light of one or more of any of the references identified in Exhibit E-9.
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1[f] encoding residual data in a
bitstream, wherein the residual
data is determined based upon
a difference between the
combined prediction and the
block of pixels.

Karczewicz |, as evidenced by the example citations below, discloses encoding residual data in a
bitstream, wherein the residual data is determined based upon a difference between the combined
prediction and the block of pixels.

Karczewicz I, 10007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, 10073:

Once the desired prediction data is identified by motion compensation unit 35, as described
herein, video encoder 50 forms a residual video block by subtracting the prediction data from
the original video block being coded. Adder 48 represents the component or components that
perform this subtraction operation. Transform unit 38 applies a transform, such as a discrete
cosine transform (DCT) or a conceptually similar transform, to the residual block, producing a
video block comprising residual transform block coefficients. Transform unit 38, for example,
may perform other transforms, such as those defined by the H.264 standard, which are
conceptually similar to DCT. Wavelet transforms, integer transforms, sub-band transforms or
other types of transforms could also be used. In any case, transform unit 38 applies the
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transform to the residual block, producing a block of residual transform coefficients. The
transform may convert the residual information from a pixel domain to a frequency domain.

Karczewicz I, 10074:

Quantization unit 40 quantizes the residual transform coefficients to further reduce bit rate. The
quantization process may reduce the bit depth associated with some or all of the coefficients.
For example, a 9-bit value may be rounded down to an 8-bit value during quantization. In
addition, quantization unit 40 may also quantize the different offsets for cases where offset is
used.

Karczewicz I, 10075:

Following quantization, entropy coding unit 46 entropy codes the quantized transform
coefficients. For example, entropy coding unit 46 may perform content adaptive variable length
coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or another entropy
coding methodology. Following the entropy coding by entropy coding unit 46, the encoded
video may be transmitted to another device or archived for later transmission or retrieval. The
coded bitstream may include entropy coded residual blocks, motion vectors for such blocks,
and other syntax such as the syntax described herein.

Karczewicz I, 10084:

Video decoder 70 may receive encoded video data, and one or more syntax elements that
indicate whether a rounding adjustment was used to encode the encoded video data. MC unit
86 of prediction unit 75 may generate weighted prediction data that depends on two or more
lists of data, as described herein. In accordance with this disclosure, the weighted prediction
data does not include the rounding adjustment if the one or more syntax elements indicate that
the rounding adjustment was not used to encode the encoded video data. Video decoder 70 can
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decode the video data using the weighted prediction data, e.g., by invoking adder 79 to add the
weighted prediction data (e.g., a prediction block) to residual data (e.g., a residual block).

Karczewicz I, 10089:

Prediction unit 75 invokes motion compensation unit 86 for block based predictive decoding.
In doing so, motion compensation unit 86 generates weighted prediction data based on the
syntax (113). Accordingly, if the one or more syntax elements indicate that a rounding
adjustment was used, then motion compensation unit 86 generates weighted prediction data
that includes the rounding adjustment. However, if the one or more syntax elements indicate
that a rounding adjustment was not used, then motion compensation unit 86 generates weighted
prediction data that lacks the rounding adjustment. VVideo decoder 70 can then decode the video
data using the weighted prediction data (114). In particular, video decoder 70 may invoke adder
79 to combine weighted prediction data (e.g., a prediction block) with residual video data (e.g.,
a residual block) in order to generate a reconstruction of the video data (e.g., a reconstructed
video block).

Karczewicz |, Figure 2 and related disclosures, reproduced supra.

Karczewicz |1, as evidenced by the example citations below, discloses encoding residual data in a
bitstream, wherein the residual data is determined based upon a difference between the combined
prediction and the block of pixels.

See, e.0.,
Karczewicz |1, 10004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
video sequence. The coded units may comprise video frames, slices of video frames, groups of
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pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks
from the original video blocks being coded.

Karczewicz |1, 10006:

A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.

Karczewicz 1, §0035:

This disclosure describes various interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. According to one aspect of
this disclosure, the encoder may apply a plurality of pre-defined interpolation filters in order to
generate a plurality of different interpolated prediction data. The interpolated prediction data

116 Nokia Exhibit 2006, p. 116

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

that achieves the highest levels of compression may be selected at the encoder, and the
interpolation filter that was used may be coded as syntax and communicated to the decoding
device as part of the coded video data. The interpolated prediction data comprises reference
data. Video data to be coded (e.g., a video block) may be subtracted from interpolated
prediction data (e.g., an interpolated predictive reference block) in order to define a residual
block of encoded data, which may then be transformed, quantized and entropy coded.

Karczewicz |1, §0050:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks (MBs) and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as MBs and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Video encoder 22 and video decoder 28 perform inter-based
predictive coding, which involves the generation of predictive reference data and the
subtraction of a video block to be coded from the predictive reference data to generate residual
data, which may then be transformed, quantized and entropy coded. The inter-based predictive
coding may include interpolation of the predictive data in accordance with this disclosure.

Karczewicz |1, 10058:

Once motion estimation unit 32 has selected the motion vector for the video block to be coded,
motion compensation unit 35 generates the predictive video block associated with that motion
vector. According to this disclosure, however, motion compensation unit 35 may consider
several versions of any predictive video block that has sub-pixel resolution. In this case, motion
compensation unit 35 may apply a plurality of pre-defined interpolation filters in order to
generate a plurality of different interpolated prediction data for the video block to be coded.
Motion compensation unit 35 then selects the interpolated prediction data (e.g., an interpolated
video block associated with one of the interpolation filters) that achieves the highest levels of

117 Nokia Exhibit 2006, p. 117

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

compression. The interpolation filter that was used to generate the interpolated data may be
coded as interpolation syntax and communicated to entropy coding unit 46 for inclusion in the
coded bitstream. Once motion compensation unit 35 has selected and applied the best
interpolation filter, the motion compensation unit 35 generates the predictive data using that
interpolation filter, and video encoder applies adder 48 to subtract that predictive data from the
video block being coded to generate residual data.

Karczewicz |1, §0060:

As noted, once motion compensation unit 35 generated prediction data (e.g., an interpolated
predictive video block), video encoder 50 forms a residual video block by subtracting the
prediction data from the original video block being coded. Adder 48 represents the component
or components that perform this subtraction operation. Transform unit 38 applies a transform,
such as a discrete cosine transform (DCT) or a conceptually similar transform, to the residual
block, producing a video block comprising residual transform block coefficients. Transform
unit 38, for example, may perform other transforms, such as those defined by the H.264
standard, which are conceptually similar to DCT. Wavelet transforms, integer transforms, sub-
band transforms or other types of transforms could also be used. In any case, transform unit 38
applies the transform to the residual block, producing a block of residual transform coefficients.
The transform may convert the residual information from a pixel domain to a frequency
domain.

Karczewicz I, §0073:

After motion estimation, the best motion vector for a given video block may be identified, e.g.,
possibly using a rate-distortion model to balance the coding rate and quality. Then, the
prediction video block is formed during motion compensation using the best motion vector. As
outlined above, the residual video block is formed by subtracting the prediction video block
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from the original video block. A transform is then applied on the residual block, and the
transform coefficients are quantized and entropy coded to further reduce bit rate.

Karczewicz |1, 10005:

The video encoder may also apply transform, quantization and entropy coding processes to
further reduce the bit rate associated with communication of residual blocks. Transform
techniques may comprise discrete cosine transforms (DCTSs) or conceptually similar processes.
Alternatively, wavelet transforms, integer transforms, or other types of transforms may be used.
Ina DCT process, as an example, a set of pixel values are converted into transform coefficients,
which may represent the energy of the pixel values in the frequency domain. Quantization is
applied to the transform coefficients, and generally involves a process that limits the number
of bits associated with any given transform coefficient. Entropy coding comprises one or more
processes that collectively compress a sequence of quantized transform coefficients. Examples
of entropy coding include but are not limited to content adaptive variable length coding
(CAVLC) and context adaptive binary arithmetic coding (CABAC).

Karczewicz |1, 10061:

As noted, once motion compensation unit 35 generated prediction data (e.g., an interpolated
predictive video block), video encoder 50 forms a residual video block by subtracting the
prediction data from the original video block being coded. Adder 48 represents the component
or components that perform this subtraction operation. Transform unit 38 applies a transform,
such as a discrete cosine transform (DCT) or a conceptually similar transform, to the residual
block, producing a video block comprising residual transform block coefficients. Transform
unit 38, for example, may perform other transforms, such as those defined by the H.264
standard, which are conceptually similar to DCT. Wavelet transforms, integer transforms, sub-
band transforms or other types of transforms could also be used. In any case, transform unit 38
applies the transform to the residual block, producing a block of residual transform coefficients.
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The transform may convert the residual information from a pixel domain to a frequency
domain.

Karczewicz Il, §0110:

FIG. 6 is a flow diagram consistent with one or more aspects of video decoding consistent with
this disclosure. FIG. 6 will be discussed from the perspective of video encoder 50 shown in
FIG. 2. In particular, video encoder 60 receives an encoded video data (111), and receives a
syntax element that identifies an interpolation filter from a plurality of interpolation filters
(112). The encoded bitstream may include both the encoded residual video data and the syntax
element that identifies the interpolation filter that was used at the encoder. Entropy decoding
unit 52 may entropy decode the received bitstream to parse out the transformed and quantized
residual blocks, which are sent to inverse transform quantization unit 56 and inverse transform
unit 58, and to parse out the interpolation syntax element and motion vectors, which are sent to
motion compensation unit 55.

Karczewicz 11, Fig. 2 and related disclosures, reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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2. The method according to
claim 1, wherein in an instance
in which said first motion
vector points to a subpixel,
said first prediction is obtained
by interpolation using pixel
values of said first reference
block.

Karczewicz 1, as evidenced by the example citations below, discloses that in an instance in which the
first motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel
values of the first reference block.

Karczewicz I, 10041:

Following inter-based predictive encoding (which includes interpolation and the techniques of
this disclosure to efficiently select a prediction algorithm or mode by which to predict a coded
unit), and following any transforms (such as the 4x4 or 8x8 integer transform used in
H.264/AVC or a discrete cosine transform or DCT), quantization may be performed.
Quantization generally refers to a process in which coefficients are quantized to possibly reduce
the amount of data used to represent the coefficients. The quantization process may reduce the
bit depth associated with some or all of the coefficients. For example, a 16-bit value may be
rounded down to a 15-bit value during quantization. Following quantization, entropy coding
may be performed, e.g., according to content adaptive variable length coding (CAVLC),
context adaptive binary arithmetic coding (CABAC), or another entropy coding methodology.

Karczewicz 11, as evidenced by the example citations below, discloses that in an instance in which the
first motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel
values of the first reference block.

See, e.g.,
Karczewicz 11, §0007:

Interpolation techniques have been developed in order to improve the level of compression that
can be achieved in inter-coding. In this case, the predictive data generated during motion
compensation, which is used to code a video block, may be interpolated from the pixels of
video blocks of the video frame or other coded unit used in motion estimation. Interpolation is
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often performed to generate predictive half-pixel values (half-pel) and predictive quarter-pixel
values (quarter-pel). Such interpolation often generates predictive blocks that are even more
similar to the video blocks being coded than the actual video blocks of the predictive frame or
other coded unit used in the video coding.

Karczewicz |1, §0010:

In addition, this disclosure also recognizes coding inefficiencies due to conventional rounding
of half-pixel values, and provides techniques that may improve interpolation by reducing or
eliminating intermediate rounding. In this case, interpolated half-pixel values may be rounded
for purposes of half-pixel interpolation. Quarter-pixel values, however, which may be
generated based on one or more of the interpolated half-pixel values, may rely on non-rounded
versions of the half-pixel values. This can eliminate propagation of rounding inaccuracies from
the half-pixel values to the quarter-pixel values. In some cases, slight rounding without
sacrificing the accuracy of the final values may be applied to one specific half-pixel value in
order to ensure that sixteen-bit storage elements can be used to store any intermediate values
of half-pixels. In particular, when fifteen possible sub-pixel locations are defined for every
pixel location, one of the specific half-pixel values may need to be generated based on other
half-pixel values (i.e., requiring two levels of half-pixel interpolation), and this specific half-
pixel value may require rounding to ensure that sixteen-bit storage elements can be used to
store all interpolated values.

Karczewicz 11, 10042:

The illustrated system 10 of FIG. 1 is merely exemplary. The interpolation techniques of this
disclosure may be performed by any encoding device that supports motion compensated
interpolation to sub-pixel resolution. Source device 12 and destination device 16 are merely
examples of such coding devices. In this case, source device 12 generates coded video data for
transmission to destination device 16. Devices 12, 16 may operate in a substantially
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symmetrical manner such that each of devices 12, 16 include video encoding and decoding
components, e.g., in a combined encoder-decoder (CODEC). Hence, system 10 may support
one-way or two-way video transmission between video devices 12, 16, e.g., for video
streaming, video playback, video broadcasting, or video telephony.

Karczewicz |1, 10053:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values purposes of half-pixel interpolation.
For quarter-pixel interpolation, however, video encoder 22 and video decoder 28 may store and
use non-rounded versions of the half-pixel values in order to reduce or eliminate propagation
of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In some cases,
slight rounding may be applied to one particular half-pixel value that requires two levels of
interpolation in order to ensure that a fixed size storage elements (e.g., sixteen-bit registers) can
be used to store any intermediate values. In some cases, the impact of the slight rounding on
the final accuracy can be made to be zero by performing the rounding properly, as described
herein.

Karczewicz |1, §0059:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values for purposes of half-pixel
interpolation. For quarter-pixel interpolation, however, video encoder 22 and video decoder 28
may store and use non-rounded versions of the half-pixel values in order to reduce or eliminate
propagation of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In
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some cases, slight rounding may be applied to one particular half-pixel value that requires two
levels of interpolation in order to ensure that fixed size storage elements (e.g., 16-bit registers)
can be used to store any intermediate values.

Karczewicz |1, 10066:

Again, the techniques of this disclosure concern motion compensated interpolation in which
pixel values of predictive video blocks are interpolated to sub-pixel resolution. The encoder
uses the techniques of this disclosure to identify a desirable interpolation filter from a plurality
of pre-defined interpolation filters. The different filters may be characterized by different sets
of filter coefficients, different numbers of filter coefficients, or different filter types. The
decoder interprets syntax elements sent from the encoder in order to identify the same desirable
set of interpolation filter coefficients used by the encoder.

Karczewicz |1, 10067:

FIGS. 4A-4D are conceptual diagrams illustrating integer pixels and interpolated pixels that
may comprise pixels of predictive video blocks. In the conceptual illustration of FIG. 4, the
different boxes represent pixels. Capitalized letters (in the boxes with solid lines) represent
integer pixel locations, while small letters (in the boxes with dotted lines) represent the
interpolated pixel locations. The lettered labels may be used herein to describe the pixel
locations, or pixel positions, or may refer to the pixel values associated with the various
locations. Pixel locations “aa,” “bb,” “cc,” “dd,” “ee,” “ff,” “gg,” “hh,” “i1,” and *jj,” are half-
pixel locations used in the fractional interpolations of various fractional locations associated
with pixel location “C3.”

Karczewicz |1, 10069:
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In the ITU H.264/AVC standard, in order to obtain luma signals at half-pixel positions, a 6-tap
Wiener filter with coefficients [1, —5, 20, 20, —5, 1] is typically used. Then, in order to obtain
luma signals at quarter-pixel locations, a bilinear filter is used. The bilinear filter may also be
used in fractional pixel interpolation for the chroma components, which may have up to -
pixel precision in H.264/AVC.

Karczewicz I, §0070:

Half-pixel interpolations of pixel locations “b” and “h” are demonstrated in FIG. 4B in the
horizontal and vertical directions respectively. In this case, pixel location “b” may be
interpolated based on integer pixels “C1,” “C2,” C3,” “C4,” “C5,” and “C6.” Similarly, pixel
location “h” may be interpolated based on integer pixels “A3,” “B3,” C3,” “D3,” “E3,” and
“F3.”Different interpolation filters (e.g., different sets of filter taps) may be applied to generate
different interpolated values of pixel locations “b” and “h” as described herein. In FIG. 4B,
interpolated pixel locations “b” and “h” are shown with shading, and integer pixel locations
“CL,7“C2,” C3,” “C4,” “C5,” “C6,” “A3”, “B3”, “C3”, “D3”, “E3” and “F3” are shown with
cross-hashes.

Karczewicz I, §10093-0106:

A sub-pixel motion vector refers to a sub-pixel position in a reference picture which needs to
be interpolated. H.264 defines one interpolation process for sub-pixels in which sub-pixels b
and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering with a 6-tap
filer having tap values (1, —5, 20, 20, =5, 1) as follows:

b1=C1-5*C2+20*C3+20*C4—-5*C5+C6
where “C1,” “C2,” “C3,” “C4,” “C5” and “C6” represent the six closest integer pixels that
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surround “b” in the horizontal direction, with pixels “C3” and “C4” being the closest, “C2” and
“C5” being the next closest, and “C1”” and “C6” being the next closest.

h1=A3-5*B3+20*C3+20*D3—5*E3+F3

where “A3,” “B3,” “C3,” “D3,” “E3” and “F3” represent the six closest integer pixels that
surround “h” in the vertical direction, with pixels “C3” and “D3” being the closest, “B3” and
“E3” being the next closest, and “A3” and “F3” being the next closest.

In this case, the values of “b” and “h” may be defined as:
b=max(0, min(255, (b1+16)>>5))

h=max (0, min(255, (h1+16)>>5))
where “>>" is a right-shift operation. In this disclosure, “>>" represents a right shift operation
and “<<” represents a left shift operation.

To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
j1=aal-5*bb1+20*b1+20*hh1-5*ii1+jj1,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “ii11” and *“jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions
of “aa,” “bb,” “hh,” “i1” and “jj.” The final value j may be calculated as:

j=max(0, min(255, (j1+512)>>10)).

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “1,” “k,” and “n” may be
derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.
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[AHLE ]

a=iCi+b+1)zx1
cmiCdsb+]lzrl
w3+ = 1)==]
L= D3 2 bt 1) =1
fe+h+ll==1

i=fsh+l1==1

k-_lll'\.'l-ll.'\-.\-l

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” are calculated according
to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.

TABLE 2

i+ 1] =1
pmib+ce+117=1
m=ih=hh+1]==1

a=iceshfiel)==1

The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f,” “i,” “k,” and “n” are derived according to Table 3
by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” “j,” “ee” and
“hh,” with upward rounding.

127 Nokia Exhibit 2006, p. 127

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

TABLE 3

a=fl3 ez 4hl 321220
cmiCd e S bl o321 20k

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.

2

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be calculated
according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal
direction with upward rounding.

TABLE 4

e bl ¢ hl &30 s é
ge=i{bl +eel 432 wx i
m = (hl + hhi
o= {eel + hhi + 32} =

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “b1,” “h1,” “eel,” and “hh1” for purposes of quarter-pixel generation.

Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
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bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “}” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for

interpolation of other sub-pixel positions.
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TABLE 5

positiong {s, ¢, d, 1} of FKGS5, 4 44D

wWin Max  Register

Ciperation Comment valie walne  sime
rl=% rl iz ingeger pivel x ] FAS 0y
rl=rl =% plinil*x ] A6 13m
-] v i v (v is a one 2550 MTIr 158

dimensional 103}

talfepixned such ns bl hl, ==l

and hhl bedore shifting down)
rl=rl+r2  rlis32*x+ vl -2550  1BE™ lés
rlemrl+32 rlis32*x+ vl +32 -251%  1B®02 lés
tl=slz=8 sl {32 %a+vls+33 20 -39 5 1la
rl = Filas clip £l o the low aicke il N5 1w
{11
Fl =pmin clip 11 om the high ride i} T84 iy

(235,
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TABLE 6

positions {e, g m. o} of FIGS, 4A-4D

Min Max Register
Operation Conunent value value size
rl =y rl s v (vOis a 1-D half-pixel  =2550 10710 15s

guch as b1, hl, eel and hhl
hefore shifting down)
2=v1 r2isvl (wlisa l-D half-pixe]  -2330 10710 15s
sueh as bi, hl, eel and hhl
hefore shifting down)

rl=rl+12 rlisy0+vyl =5100 21420 16s
rl=rl +32 rlisv0+yl+32 =5068 21452 16s
fl=rl>=6 rlis(y0+v]l+32)5=6 =79 335 11s
1l = max clip r1 on the low side 0 335 1tn
(0, 1}

rl =min clip r1 on the high side 0 2535 Hu
(255, rl)

Table 7, below, illustrates a sixteen-bit implementation of deriving pixel value at pixel location
“1.” All 1-D half-pixels “aal,” “bbl1,” “bl,” “hhl,” “iil” and “jj1” are obtained without any
shift down. The clipping range to avoid overflow is (—2372,18640). Again shaded rows in the
table indicate operations that are only performed at the end of the interpolation process, and
these results are not used for the interpolation of other sub-pixel positions. The intermediate
value “j1” will be saved for the interpolation of “f,” “,” “k” and “n.”
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TABLET

positian (i} of FIGS. 48-40

1070 | 13s

2550 | LOTIO | 15
2420 | 1w

Lo7in | 135

2550 | LOTIO | 135
1

lés

lds

-850 | L0TIO | 158

2550 | L0710 | 158

S5 | 20420 | 16
i f cverflow -2372 | M | 16w
maxf-2372, 13

2152 6=
rl=rl+12 rl & iyl + v5) 0422 lis
3%yl + a4
A" [y2+ v 2

rl=rl *=2 rl = iyl + - Tl 7592 | I4s

4=

SOTT [ 26232 | Lhs

1=1l shore resuli

SR e

z»wngxix gw;i-pc e i-«ix ;gz-« %_%E
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Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of

interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value
chl.’7

TABLE &

positions If, L k. o} of FIGE. 4A4-4D

Mn Max  Regster
Operation Commeent value valme s
rl =il rl is 0 (LT half-pixel 2330 Lo 15s
=xhnsbl, hl. ecl and
il berfire shifting i

5

rlmjl L4 4232 lis
TABLE &-continued
positions ¢F i k. n} of FIGE. 40400
Min Mmx  Register
Opemticn Comment value valwe  sioe
MMapless]l rlisjl =] 4957 13106 13s
rlmrl er2  rlisyla 1 =1} 1307 2REMGE 16s
rlmrl 32 rlisyld 1 = 15432 Tdod 2R84 1ds
rlmrlandi rlis{yla(jl == 1} ] 45 1ls
I mxti

rl = max clip rl om the low side { 5 1lm
i, 1)

rl = min clip rl om the high side o 155 Bu
(255,71}

In short, the discussion above demonstrates a complete technique for interpolating every
possible sub-pixel location “a,” “b,” “c,” “d,” “e,” “f,” “g,” “h,” “1,” j,” “k,” “L,” “m,” “n,” and
“0” without exceeding sixteen-bit storage elements, which is desirable for an implementation.
Most intermediate half-pixel values remain unrounded for purposes of quarter-pixel
interpolation. However, pixel location “j” is a special case that may require rounding of
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[13%2]

intermediate results for purposes of generating its half-pixel value since pixel location “j
requires two levels of half-pixel interpolation. In accordance with this disclosure, however, the
rounding in pixel location “”” will not impact the accuracy of the final value of quarter-pixels

1392

which rely on .
Karczewicz |1, 10067:

FIGS. 4A-4D are conceptual diagrams illustrating integer pixels and interpolated pixels that
may comprise pixels of predictive video blocks. In the conceptual illustration of FIG. 4, the
different boxes represent pixels. Capitalized letters (in the boxes with solid lines) represent
integer pixel locations, while small letters (in the boxes with dotted lines) represent the
interpolated pixel locations. The lettered labels may be used herein to describe the pixel
locations, or pixel positions, or may refer to the pixel values associated with the various
locations. Pixel locations “aa,” “bb,” “cc,” “dd,” “ee,” “ff,” “gg,” “hh,” “ii,” and “jj,” are half-
pixel locations used in the fractional interpolations of various fractional locations associated
with pixel location “C3.”
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FIG. 4C

Karczewicz Il, 110068-74:

[0068] Every pixel location may have an associated fifteen different fractional locations, e.g.,
in compliance with interpolations compliant with the ITU H.264/AVC standard. In the example
of FIGS. 4A-4D, these 15 different fractional locations associated with pixel “C3” are
illustrated. For simplicity and ease of illustration, most of the other fractional locations are not
shown (other than those mentioned above, which are used to generate one or more of the 15

1 & [3]
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FIG. 4D

different fractional locations associated with pixel “C3”).
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[0069] In the ITU H.264/AVC standard, in order to obtain luma signals at half-pixel positions,
a 6-tap Wiener filter with coefficients [1, =5, 20, 20, =5, 1] is typically used. Then, in order to
obtain luma signals at quarter-pixel locations, a bilinear filter is used. The bilinear filter may
also be used in fractional pixel interpolation for the chroma components, which may have up
to Y&-pixel precision in H.264/AVC.

[0070] Half-pixel interpolations of pixel locations “b” and “h” are demonstrated in FIG. 4B in
the horizontal and vertical directions respectively. In this case, pixel location “b” may be
interpolated based on integer pixels “C1,” “C2,” C3,” “C4,” “CS5,” and “C6.” Similarly, pixel
location “h” may be interpolated based on integer pixels “A3,” “B3,” C3,” “D3,” “E3,” and
“F3.”Different interpolation filters (e.g., different sets of filter taps) may be applied to generate
different interpolated values of pixel locations “b” and “h” as described herein. In FIG. 4B,
interpolated pixel locations “b” and “h” are shown with shading, and integer pixel locations
“C1,7“C2,” C3,” “C4,” “C5,” “C6,” “A3”, “B3”, “C3”, “D3”, “E3” and “F3” are shown with
cross-hashes.

[0071] FIG. 4C illustrates one special case that may require two levels of interpolation. In
particular, pixel location “j” is unlike the other half-pixel locations insofar as pixel location “j”
is itself interpolated based on other half-pixel values. For example, pixel location “j”” may be
interpolated based on half-pixel interpolated values “cc,” “dd,” “h,” ee,” “ff,” and “gg” in the
horizontal direction. Alternatively, pixel location “j”” may be interpolated based on half-pixel
interpolated values “aa,” “bb,” “b,” hh,” “i1,” and “j;” in the vertical direction. In FIG. 4C,
interpolated pixel location “j” is shown with shading, half-pixel interpolated values “aa,” “bb,”
“b,” hh,” “ii,” and “jj” in the vertical direction are shown with right-to-left cross-hashes, and
half-pixel interpolated values “cc,” “dd,” “h,” ee,” “ff,” and “gg” are shown with left-to-right

cross-hashes.

[0072] FIG. 4D illustrates quarter-pixel locations “a,” “c,” “d,” “e,” £, “g,” “i,” “k,” “1,” m,”
“n,” and “0” with shading, and illustrates the integer and half-pixel locations used for such
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quarter-pixel interpolation (e.g., “C3,” “b,” “C4,” “h,” j,” “ee,” “D3,” “hh,” and “D4”) with
cross-hashes.

[0073] After motion estimation, the best motion vector for a given video block may be
identified, e.g., possibly using a rate-distortion model to balance the coding rate and quality.
Then, the prediction video block is formed during motion compensation using the best motion
vector. As outlined above, the residual video block is formed by subtracting the prediction
video block from the original video block. A transform is then applied on the residual block,
and the transform coefficients are quantized and entropy coded to further reduce bit rate.

[0074] Again, FIGS. 4A-4D show the integer-pixel samples (also called full-pixels) in the solid
boxes with upper-case letters. For any given integer-pixel sample, there are altogether 15 sub-
pixel positions, which are shown for integer-pixel sample “C3” and labeled “a” through “0” in
FIGS. 4A-4D. In H.264/AVC, the half-pixel positions “b,” “h,” and *j” may be calculated first
using the one-dimensional 6-tap Wiener filter. As noted, half-pixel position “j” may require
two levels of this interpolation using 6-tap filtering. In this case, for pixel position “j,” the
interpolation filter is applied first in the horizontal direction and then in the vertical direction,
possibly with intermediate rounding of interpolated pixel values after interpolation in one
dimension in order to ensure that data can be stored within sixteen-bit storage elements.
Remaining quarter-pixel positions are then interpolated via filtering that uses a bilinear filter
and the already calculated half-pixel samples.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in

light of one or more of any of the references identified in Exhibit E-9.

3. The method according to
claim 2, wherein said first
prediction is obtained by
interpolation using values of
said first reference block by:
right shifting a sum of a P-tap
filter using values of said first
reference block.

Karczewicz 1, as evidenced by the example citations below, discloses that the first prediction is
obtained by interpolation using values of the first reference block by right shifting a sum of a P-tap

filter using values of the first reference block.

Karczewicz 1, as evidenced by the example citations below, discloses that the first prediction is
obtained by interpolation using values of the first reference block by right shifting a sum of a P-tap

filter using values of the first reference block.
See, e.0.,
Karczewicz 11, 10095:

To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:
j1=aal—5*bb1+20*b1+20*hh1-5%iil+jjl,

where the intermediate values denoted as “aal,” “bb1”, “hh1,” “ii1” and *“jj1” are derived by
applying the 6-tap filter horizontally in the same manner as the calculation of b1 at the positions

of “aa,” “bb,” “hh,” “i1” and “jj.” The final value j may be calculated as:
j=max(0, min(255, (j1+512)>>10)).

Karczewicz |1, 10067:

FIGS. 4A-4D are conceptual diagrams illustrating integer pixels and interpolated pixels that
may comprise pixels of predictive video blocks. In the conceptual illustration of FIG. 4, the
different boxes represent pixels. Capitalized letters (in the boxes with solid lines) represent
integer pixel locations, while small letters (in the boxes with dotted lines) represent the
interpolated pixel locations. The lettered labels may be used herein to describe the pixel
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FIG. 4A

locations, or pixel positions, or may refer to the pixel values associated with the various
locations. Pixel locations “aa,” “bb,” “cc,” “dd,” “ee,” “ff,” “gg,” “hh,” “ii,” and *“jj,” are half-
pixel locations used in the fractional interpolations of various fractional locations associated

with pixel location “C3.”
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FIG. 4C

Karczewicz |1, §10099-0100:

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f)” “1,” “k,” and “n” are derived according to Table 3
by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” *j,” “ee” and

1 & [3]

(] & [2]

“hh,” with upward rounding.

FIG. 4D

......
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TABLE 3

am i3 <25 +hl +32}:.v:.-ﬁ
c=(C4 <5 +bl+32)>=6
d=(C3==3+hl+32)==06
|=(D3 <=3+hl +321>>0
f=(jl>=>5+bl+32)>=0

i=mijl==5+hl+32)>=0

kmijl > 5 4+ecl +32) 246
n=(jl == 35 +hhl +32)>=6

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in

the generation of “eel” and “hh1” as described herein.

Karczewicz |1, 10105:

Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value

ch 1 .9,
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TABLE 8

positions £, i, k, n} of FIGS. 4A-4D

Min Max  Register
Oiperation Comment value vilue  sive
rlo=y0 rl is ¥ {1-D half-pixel -2550 10710 158
such as bl, hi, eel and
hihl before shifting down)
2=1 r2 55 1 (2-D half-pixel j1 -9514 26232 16s
betore shitting down)
TABLE 8-continued
positions 480, k. n} of FIGS. 4A-4D
Min Max  Register
Operation Comment value value  size
r2=r2z>1 r2isjl==1 —4957 13116 155
rl=rl+12 rlisv0+{jl ==1) =7507 23826 16s
rl=rl +32 rlisy0+ (jl ==1}+32 — 7491 23842 16s
l=rl==6 rlis{yl+(j]l==11+ =235 45 1ls
i==6
rl = max clip r1 on the low side 0 45 10u
(0, rl})
rl = min clip r1 on the high side 0 255 Bu
(255, rl)
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See also the disclosures of limitations 1[b] and 1[c], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

4. The method according to | Karczewicz I, as evidenced by the example citations below, discloses that in an instance in which the
claim 2, wherein in an instance | second motion vector points to an integer sample, the second prediction is obtained by shifting values
in which said second motion | of the second reference block to the left.

vector points to an integer
sample, said second prediction | Karczewicz Il, as evidenced by the example citations below, discloses that in an instance in which the

is obtained by shifting values | second motion vector points to an integer sample, the second prediction is obtained by shifting values
of said second reference block | of the second reference block to the left.

to the left. )
Supra claim 2.

Supra limitation 1[c].
See, e.g.,

Karczewicz I, §0007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
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generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, §0053:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.

Karczewicz |, 10054

Motion estimation unit 32 selects the appropriate motion vector for the video block to be coded
by comparing the video block to video blocks of one or more predictive coded units (e.g., a
previous and/or future frame in terms of time or temporally). Motion estimation unit 32 may,
as an example, select a motion vector for a B-frame in a number of ways. In one way, motion
estimation unit 32 may select a previous or future frame from a first set of frames (referred to
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as list 0) and determine a motion vector using only this previous or future frame from list 0.
Alternatively, motion estimation unit 32 may select a previous or future frame from a second
set of frames (referred to as list 1) and determine a motion vector using only this previous or
future frame from list 1. In yet another way, motion estimation unit 32 may select a first frame
from list 0 and a second frame from list 1 and select one or more motion vectors from the first
frame of list 0 and the second frame of list 1. This third form of prediction may be referred to
as bi-predictive motion estimation. Techniques of this disclosure may be implemented so as to
efficiently select a motion-compensated bi-prediction mode. The selected motion vector for
any given list may point to a predictive video block that is most similar to the video block being
coded, e.g., as defined by a metric such as sum of absolute difference (SAD) or sum of squared
difference (SSD) of pixel values of the predictive block relative to pixel values of the block
being coded.

Karczewicz |1, §0004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
video sequence. The coded units may comprise video frames, slices of video frames, groups of
pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks
from the original video blocks being coded.

Karczewicz 11, §0056:
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During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
The interpolation techniques described in this disclosure are described as being performed by
motion compensation unit 35. However, interpolation may be performed during motion
estimation in order to facilitate the selection of the best motion vectors.

Karczewicz I, §0073:

After motion estimation, the best motion vector for a given video block may be identified, e.g.,
possibly using a rate-distortion model to balance the coding rate and quality. Then, the
prediction video block is formed during motion compensation using the best motion vector. As
outlined above, the residual video block is formed by subtracting the prediction video block
from the original video block. A transform is then applied on the residual block, and the
transform coefficients are quantized and entropy coded to further reduce bit rate.

Karczewicz 11, §0074:

Again, FIGS. 4A-4D show the integer-pixel samples (also called full-pixels) in the solid boxes
with upper-case letters. For any given integer-pixel sample, there are altogether 15 sub-pixel
positions, which are shown for integer-pixel sample “C3” and labeled “a” through “o0” in FIGS.
4A-4D. In H.264/AVC, the half-pixel positions “b,” “h,” and “j”” may be calculated first using
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the one-dimensional 6-tap Wiener filter. As noted, half-pixel position “j” may require two
levels of this interpolation using 6-tap filtering. In this case, for pixel position “j,” the
interpolation filter is applied first in the horizontal direction and then in the vertical direction,
possibly with intermediate rounding of interpolated pixel values after interpolation in one
dimension in order to ensure that data can be stored within sixteen-bit storage elements.
Remaining quarter-pixel positions are then interpolated via filtering that uses a bilinear filter
and the already calculated half-pixel samples.

Karczewicz |1, 10096:

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “i,” “k,” and “n” may be
derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.

TABLE 1

A=Ci+h+11==1
c=iCd+h+11==1
d={C3+h+1)>>1
|l=iD3+h+1)>=>1
fmij+h+1i==1
i=(+h+11==1
k={j+ee+1)>>1
n={j+hh+1}==1

Karczewicz 1, §10099-0100:

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation

148 Nokia Exhibit 2006, p. 148

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f,” “,” “k,” and “n” are derived according to Table 3
by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” *j,” “ee” and
“hh,” with upward rounding.

TABLE 3

am (035 +hl +32) 220
c=(Cd <5 +bl+30==06
d=(C3=<5+hl+32)==06
=(D3<<35+hl +32) =0
f=(jl>=>5+bl+32)>=0

i=mijl==5+hl+32)>=0

k= (jl =5 +eel +32) 246
n=(jl == 35 +hhl +32)>=6

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.

Karczewicz |1, §0093:

A sub-pixel motion vector refers to a sub-pixel position in a reference picture which needs to
be interpolated. H.264 defines one interpolation process for sub-pixels in which sub-pixels b
and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering with a 6-tap
filer having tap values (1, —5, 20, 20, =5, 1) as follows:
b1=C1-5*C2+20*C3+20*C4—-5*C5+C6

where “C1,” “C2,” “C3,” “C4,” “C5” and “C6” represent the six closest integer pixels that
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surround “b” in the horizontal direction, with pixels “C3” and “C4” being the closest, “C2” and
“C5” being the next closest, and “C1” and “C6” being the next closest.
h1=A3-5*B3+20*C3+20*D3—-5*E3+F3

where “A3,” “B3,” “C3,” “D3,” “E3” and “F3” represent the six closest integer pixels that
surround “h” in the vertical direction, with pixels “C3” and “D3” being the closest, “B3” and
“E3” being the next closest, and “A3” and “F3” being the next closest.

See also the disclosures of limitations 1[b] and 1[c], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz II,” set forth supra.

To the extent this limitation is not disclosed by the combination of Karczewicz | and Karczewicz 11, it
would have been obvious to obtain the second prediction by shifting values of the second reference
block to the left. Left-shifting to multiply a value by a coefficient and increase the precision of
intermediate values in calculations was well known in the art. See, e.g., U.S. Patent App. Pub.
2008/0198935 (“Srinivasan™) at 91, 116, 4124, 9129, 131; U.S. Patent App. Pub. No. 2013/0034158
(“Kirchhoffer-158") at 967, 9984-85, 1103. This confirms that it would have been obvious to shift
values of the second reference block to the left. Karczewicz I likewise teaches that bi-prediction can
be performed from two different lists of data, thus acknowledging that the first prediction and the
second prediction can be obtained using different methods. Among other reasons, a PHOSITA would
have found it obvious to obtain the second prediction by left shifting and would have been motivated
to do so because, in computing terms, left-shifting is a simpler operation than multiplication and can
be performed without the need for a multiplication unit.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in

light of one or more of any of the references identified in Exhibit E-9.

5. The method according to
claim 1, wherein said
decreasing said precision of
said combined prediction by
shifting bits of the combined
prediction to the right, further
comprises: inserting a
rounding offset to the
combined prediction before
said decreasing.

Karczewicz 1, as evidenced by the example citations below, discloses that the decreasing the precision
of the combined prediction by shifting bits of the combined prediction to the right, further comprises

inserting a rounding offset to the combined prediction before the decreasing.
Supra claim 1.
Supra limitations 1[d] and 1[e].

Karczewicz I, 10060:

Default weighted prediction may be defined by the following equations for unidirectional

prediction and bidirectional prediction, respectively.

Unidirectional prediction: pred(i,j)=pred0(i,))

Bidirectional prediction: pred(i,j)=(predO(i,j)+pred1(i,j)+1)>>1

where pred0(i,j) and pred1(i,j) are prediction data from list 0 and list 1.

Karczewicz I, 10055:

According to the ITU-T H.264/AVC standard, three motion-compensated bi-predictive
algorithms or modes may be used to predict a B-frame or portions thereof, such as video blocks,
macroblocks or any other discreet and/or contiguous portion of a B-frame. A first motion-
compensated bi-predictive algorithm or mode, which is commonly referred to as default
weighted prediction, may involve applying default weights to each identified video block of
the first frame of list 0 and the second frame of list 1. The default weights may be programmed
according to the standard, and are often selected to be equal for default weighted prediction.
The weighted blocks of the first and second frames are then added together and divided by the
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total number of frames used to predict the B-frame, e.g., two in this instance. Often, this
division is accomplished by adding 1 to the addition of the weighted blocks of the first and
second frames and then shifting the result to the right by one bit. The addition of 1 is a rounding
adjustment.

Karczewicz I, 10063:

Conventionally, rounding adjustments are always used in bidirectional prediction. According
to the equations above, a rounding adjustment of 1 is used in the default weighted prediction
prior to a right shift by one, and a rounding adjustment of 32 is used in the implicit weighted
prediction prior to a right shift by six. Generally, a rounding adjustment of 2r—1 is commonly
used prior to a right shift by r, where r represents a positive integer.

Karczewicz 1, as evidenced by the example citations below, discloses that the decreasing the precision
of the combined prediction by shifting bits of the combined prediction to the right, further comprises
inserting a rounding offset to the combined prediction before the decreasing.

See, e.g.,
Karczewicz |1, 110096-0106:

The pixels at quarter-pixel positions labeled as “a,” “c,” “d,” “1,” “f,” “1,” “k,” and “n” may be
derived according to Table 1 by averaging the two nearest pixels at integer and half-pixel
positions and then applying upward rounding.
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[AHLE ]

a=iCi+b+1)zx1
cmiCdsb+]lzrl
w3+ = 1)==]
L= D3 2 bt 1) =1
fe+h+ll==1

i=fsh+l1==1

k-_lll'\.'l-ll.'\-.\-l

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “o0” are calculated according
to Table 2 by averaging the two nearest pixels at half-pixel positions in the diagonal direction
and then applying upward rounding.

TABLE 2

i+ 1] =1
pmib+ce+117=1
m=ih=hh+1]==1

a=iceshfiel)==1

The final values of those quarter-pixels may be finally clipped to values in the interval (0,255).

In order to keep the highest possible precision through the intermediate steps, any shifting,
rounding and clipping operations may be avoided until the very last step of the interpolation
process. Unlike in the H.264 standard defined implementation, the pixels at quarter-pixel
positions labeled as “a,” “c,” “d,” “1,” “f,” “1,” “k,” and “n” are derived according to Table 3
by averaging the two nearest pixels at integer and half-pixel positions “b,” “h,” “},” “ee” and
“hh,” with upward rounding.
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TABLE 3

a=fl3 ez 4hl 321220
cmiCd e S bl o321 20k

In this case, the intermediate values denoted as “eel” and “hh1” are derived by applying the 6-
tap filter vertically and horizontally in the same manner as the calculation of “h1” and “b1”
listed above, but at the positions of “ee” and “hh.” Rounding may be avoided at this stage in
the generation of “eel” and “hh1” as described herein.

(13 29 ¢ 29 ¢¢ 2

The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be calculated
according to Table 4 by averaging the two nearest pixels at half-pixel positions in the diagonal
direction with upward rounding.

TABLE 4

e bl ¢ hl &30 s é
ge=i{bl +eel 432 wx i
m = (hl + hhi
o= {eel + hhi + 32} =

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be more
accurate. In particular, half-pixel values at locations “b,” “h,” “ee,” and “hh” may be unrounded
values denoted as “b1,” “hl,” “eel,” and “hh1” for purposes of quarter-pixel generation.

Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
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bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “b1” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation
process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for
interpolation of other sub-pixel positions.
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TABLE 5

positiong {s, ¢, d, 1} of FKGS5, 4 44D

wWin Max  Register

Ciperation Comment valie walne  sime
rl=% rl iz ingeger pivel x ] FAS 0y
rl=rl =% plinil*x ] A6 13m
-] v i v (v is a one 2550 MTIr 158

dimensional 103}

talfepixned such ns bl hl, ==l

and hhl bedore shifting down)
rl=rl+r2  rlis32*x+ vl -2550  1BE™ lés
rlemrl+32 rlis32*x+ vl +32 -251%  1B®02 lés
tl=slz=8 sl {32 %a+vls+33 20 -39 5 1la
rl = Filas clip £l o the low aicke il N5 1w
{11
Fl =pmin clip 11 om the high ride i} T84 iy

(235,
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[ABLE &

positives fe_ o m. ol of FIGE. 40-40

Mun Max  Remster
el Cofunent valug valiie  &e
rl i rl is wb (vl is o LI halfpixel 2350 10710 15s

such as bl, hl, eel and hki

befinre shafting, dowm)
rd =yl 2 syl (vl is a 1= halfpixe 2A50 0TI 13s

such ae kL, hl, o] amd ikl

befire shifting cowm}
rlmrl+r2 ol isvi+vl =510 21420 16s
rl =7l + 32 rl ie il + vl+32 — MR 21452 16s
rlarl =6 rlis{vl+wl +3I2)=x6 =73 135 1=
Fl = Fias clip rl om e bw sk [} 135 1w
ithrli
rl = pmin clip 71 om the high eide ] TA5 Hu

(235, vl

Table 7, below, illustrates a sixteen-bit implementation of deriving pixel value at pixel location
“3.” All 1-D half-pixels “aal,” “bbl1,” “bl,” “hhl,” “iil” and “jj1” are obtained without any
shift down. The clipping range to avoid overflow is (—2372,18640). Again shaded rows in the
table indicate operations that are only performed at the end of the interpolation process, and
these results are not used for the interpolation of other sub-pixel positions. The intermediate
value “j1” will be saved for the interpolation of “f,” “i,” “k” and “n.”
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TABLE 7

pesitior

n (i} of FIGS. 4A-4D

Table 8, below demonstrates steps that can be taken for sixteen-bit implementation of
interpolating {f.i,k,n}, which are the positions that use to interpolate the intermediate value

GCj 1 "’
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TABLE &

positians If Lk n! of FIGE. 444D

¥lin Max  Register
{Operation Comment value valm s
rl =il rl iz 30 (LT halfpixel 2330 o7 15

mxch ns bl hl.

Ik ] beefiore shift
r2mjl r2 i5j1 (2-I0 hal fpixed j -4 G232 lis
bazfiore shiltimg down)
TABLE B-continued
positions {F i k. n} ol FIGSE. 45-400
Min Mm  Register

Opemticn Comment vl volwe  sime
[ e | Q957 13104 135
rlo=rler2 Ti07 ZEEMG s
rl=rl+ it rli 49l 2ER42 lés
rlerland rlisd 215 45 1ls
rl = max clip rl on the low side & 5 1w
i, rl)
rl = min clip rl om tke high side { 155 Bm
(255,71}

In short, the discussion above demonstrates a complete technique for interpolating every
possible sub-pixel location “a,” “b,” “c,” “d,” “e,” “f,” “g,” “h,” “i,” *9,” “k,” “1,” “m,” “n,” and
“0” without exceeding sixteen-bit storage elements, which is desirable for an implementation.
Most intermediate half-pixel values remain unrounded for purposes of quarter-pixel
interpolation. However, pixel location “j” is a special case that may require rounding of
intermediate results for purposes of generating its half-pixel value since pixel location “j”
requires two levels of half-pixel interpolation. In accordance with this disclosure, however, the
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[13%2]

rounding in pixel location “j”” will not impact the accuracy of the final value of quarter-pixels

1392

which rely on 9.
See also the disclosures of limitations 1[d] and 1[e], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

As evidenced by the above disclosures, a POSITA would have understood that the equations set forth
above for each of Scenarios 1-3 to comprise a rounding offset. Additionally, it would have been
obvious for said decreasing to include the claimed rounding offset because the insertion of the rounding
offset is performed right before and in conjunction with the right-shifting to affect the direction of the
rounding. Karczewicz | and Il include a rounding offset to control rounding error resulting from the
right-shift operation that decreases precision. This was common in the art.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

6. The method according to | Karczewicz I, as evidenced by the example citations below, discloses that the first precision indicates
claim 1, wherein the first | a number of bits needed to represent the values of the pixels, and the second precision indicates the
precision indicates a number | number of bits needed to represent values of the first prediction and values of the second prediction.

of bits needed to represent the
values of the pixels, and the = Karczewicz Il, as evidenced by the example citations below, discloses that the first precision indicates

second precision indicates the | @ number of bits needed to represent the values of the pixels, and the second precision indicates the
number of bits needed to | number of bits needed to represent values of the first prediction and values of the second prediction.

represent values of said first
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prediction and values of said
second prediction.

See limitation 1[a].

Supra limitations 1[b]-1[c].
Supra claim 1.

See, e.g.,

Karczewicz |1, 10089:

The average filter for a particular sub-pixel position may also be normalized such that all filter
coefficients add up to 1.0. The average filter may also be quantized to a certain fixed-point
precision (e.g., 13-bit precision). The use of fixed-point precision in the filter coefficient
ensures that implementations across different platforms will not have drifts. Furthermore, a true
fixed-point implementation may be derived from such pre-defined filter coefficients. Any
customized filters may have different characteristics. Specifically, different filters may be non-
separable filters or separable filters, and different filters may define different filter supports
(e.g., 6x6 or 4x4).

Karczewicz I, 10103:

[134:2]

Unfortunately, interpolation of value “j” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “5” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “bl” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation

process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
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defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for

interpolation of other sub-pixel positions.
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TABLE 5

positions {a, e, d, 1} of FIGS, 444D

Min Max Register

Operation Comment value value size
rl=x rl is integer pixel x 0 255 Bu
rl=rl==5 rlis3i2*x 0 Blad 13u
2 =y0 1215 v (y0 15 4 one- =2550 10710 155

dimensional (1-D

half-pizel such as b1, hl, ecl

and hhl before shifting down)
rl=rl+12 rlis32*x+y0 -2550  18ET0 los
rl=rl +32 rlis32*x+v0+32 -2518 18902 l16s
rlmrl>>6 ris(32%* x+y0+31)>26 =39 295 11s
rl = max clip 1 on the low side 0 295 10u
(0, rl}
rl =min clip rl on the high side 0 255 Bu
(235, rl)
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TABLE 6

positions {e, g m. o} of FIGS, 4A-4D

Min Max Register

Operation Conunent value value size
rl =y rl is vD ivOis a 1-D half-pixel  -2550 10710 15s

guch as b1, hl, eel and hhl

hefore shifting down)
2=v1 r2isvl (wlisa l-D half-pixe]  -2330 10710 15s

such ag bl, hl, eel and hhl

hefore shifting down)
rl=rl+12 rlisy0+vyl =5100 21420 16s
rl=rl +32 rlisv0+yl+32 =5068 21452 16s
fl=rl>=6 rlis(y0+v]l+32)5=6 =79 335 11s
1l = max clip r1 on the low side 0 335 1tn
(o, rl}
rl =min clip r1 on the high side 0 2535 Hu
(255, rl)

Karczewicz I, §0105:

Table 8, below demonstrates steps

“j 1 "’

that can be taken for sixteen-bit implementation of
interpolating {f.i,k,n}, which are the positions that use to interpolate the intermediate value
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TABLE 8

positions £, i, k, n} of FIGS. 4A-4D

Min Max  Register
Oiperation Comment value vilue  sive
rlo=y0 rl is ¥ {1-D half-pixel -2550 10710 158
such as bl, hi, eel and
hihl before shifting down)
2=1 r2 55 1 (2-D half-pixel j1 -9514 26232 16s
betore shitting down)
TABLE 8-continued
positions 480, k. n} of FIGS. 4A-4D
Min Max  Register
Operation Comment value value  size
r2=r2z>1 r2isjl==1 —4957 13116 155
rl=rl+12 rlisv0+{jl ==1) =7507 23826 16s
rl=rl +32 rlisy0+ (jl ==1}+32 — 7491 23842 16s
l=rl==6 rlis{yl+(j]l==11+ =235 45 1ls
i==6
rl = max clip r1 on the low side 0 45 10u
(0, rl})
rl = min clip r1 on the high side 0 255 Bu
(255, rl)
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See also the disclosures of limitations 1[b], 1[c], and 1[d], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7 [preamble] An apparatus for | Karczewicz |, as evidenced by the example citations below, discloses an apparatus for encoding a block
encoding a block of pixels, the | of pixels.

apparatus comprising:
See, e.g.,

See limitation 1[preamble].
Karczewicz 1, 10003:

Digital multimedia capabilities can be incorporated into a wide range of devices, including
digital televisions, digital direct broadcast systems, wireless communication devices, wireless
broadcast systems, personal digital assistants (PDAS), laptop or desktop computers, digital
cameras, digital recording devices, video gaming devices, video game consoles, cellular or
satellite radio telephones, digital media players, and the like. Digital multimedia devices may
implement video coding techniques, such as MPEG-2, ITU-H.263, MPEG-4, or ITU-
H.264/MPEG-4 Part 10, Advanced Video Coding (AVC), to transmit and receive or store and
retrieve digital video data more efficiently. Video encoding techniques may perform video
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compression via spatial and temporal prediction to reduce or remove redundancy inherent in
video sequences.

Karczewicz I, 10010:

In another example, this disclosure describes a video encoder apparatus that encodes video
data, the video encoder apparatus comprising a memory that stores the video data, and a motion
compensation unit that selects between default weighted prediction and implicit weighted
prediction, upon selecting default weighted prediction, selects between explicit weighted
prediction based on calculated weights and explicit weighted prediction based on weights
defined by the default weighted prediction, upon selecting implicit weighted prediction, selects
between explicit weighted prediction based on calculated weights and explicit weighted
prediction based on weights defined by the implicit weighted prediction, wherein the video
encoder apparatus encodes the video data using weighed prediction data defined by the
selections.

Karczewicz I, §0012:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz I, 10038:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
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(ASICs), field programmable gate arrays (FPGASs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined encoder/decoder (CODEC) in a respective mobile device, subscriber device,
broadcast device, server, or the like.

Karczewicz I, 10098:

The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units. The techniques
described herein may also be implemented in hardware, software, firmware, or any
combination thereof. Any features described as modules, units or components may be
implemented together in an integrated logic device or separately as discrete but interoperable
logic devices. In some cases, various features may be implemented as an integrated circuit
device, such as an integrated circuit chip or chipset.

Karczewicz I, 10099:

If implemented in software, the techniques may be realized at least in part by a computer-
readable medium comprising instructions that, when executed in a processor, performs one or
more of the methods described above. The computer-readable medium may comprise a
computer-readable storage medium and may form part of a computer program product, which
may include packaging materials. The computer-readable storage medium may comprise
random access memory (RAM) such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EEPROM), FLASH memory, magnetic
or optical data storage media, and the like. The techniques additionally, or alternatively, may
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be realized at least in part by a computer-readable communication medium that carries or
communicates code in the form of instructions or data structures and that can be accessed, read,
and/or executed by a computer.

Karczewicz I, 10100:

The code or instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein may
refer to any of the foregoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the functionality described herein
may be provided within dedicated software modules or hardware modules configured for
encoding and decoding, or incorporated in a combined video codec. Also, the techniques could
be fully implemented in one or more circuits or logic elements.

Karczewicz 11, as evidenced by the example citations below, discloses an apparatus for encoding a
block of pixels.

See, e.g.,
See limitation 1[preamble].
Karczewicz 11, 10003:

Digital video capabilities can be incorporated into a wide range of devices, including digital
televisions, digital direct broadcast systems, wireless broadcast systems, personal digital
assistants (PDAs), laptop or desktop computers, digital cameras, digital recording devices,
video gaming devices, video game consoles, cellular or satellite radio telephones, and the like.
Digital video devices implement video compression techniques, such as MPEG-2, MPEG-4, or
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ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), to transmit and receive
digital video information more efficiently. Video compression techniques may perform spatial
prediction and/or temporal prediction to reduce or remove redundancy inherent in video
sequences.

Karczewicz |1, 10015:

In another example, this disclosure provides an apparatus that encodes video data, the apparatus
comprising a video encoder that includes a motion compensation unit that generates prediction
data. The motion compensation unit interpolates pixel values of reference video data based on
a plurality of different pre-defined interpolation filters, and the video encoder encodes the video
data based on the prediction data.

Karczewicz Il, §0017:

In another example, this disclosure provides an apparatus that interpolates predictive video data
for video coding, wherein the apparatus includes a motion compensation unit that generates
half-pixel values based on integer pixel values, rounds the half-pixel values to generate half-
pixel interpolated values, stores the half-pixel values as non-rounded versions of the half-pixel
values, and generates quarter-pixel values based on the non-rounded versions of the half-pixel
values and the integer pixel values.

Karczewicz I, §0021:

In another example, this disclosure provides a device that encodes video data, the device
comprising a video encoder including a motion compensation unit that generates prediction
data by interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encodes the video data based on the prediction data, and a
wireless transmitter that transmits the video data to another device.
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Karczewicz I, §10023:

In another example, this disclosure provides a device that encodes video data, the device
comprising a video encoder including a motion compensation unit that generates half-pixel
values based on integer pixel values, rounds the half-pixel values to generate half-pixel
interpolated values, stores the half-pixel values as non-rounded versions of the half-pixel
values, and generates quarter-pixel values based on the non-rounded versions of the half-pixel
values and the integer pixel values, and a wireless transmitter that transmits the video data
encoded by the motion compensation unit to another device.

Karczewicz |1, 10025:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz |1, 10026:

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to encode video data, wherein the
instructions cause the device to generate prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encode the video data based on the prediction data.

Karczewicz |1, 10048:
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Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined CODEC in a respective mobile device, subscriber device, broadcast device, server,
or the like.

See also the disclosures of limitations 1[preamble], reproduced supra.

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[a] at least one processor and
at least one memory including
computer program code, the at
least one memory and
computer  program  code
configured to, with the at least
one processor, cause the
apparatus to:

Karczewicz |, as evidenced by the example citations below, discloses at least one processor and at least
one memory including computer program code.

See, e.0.,
Karczewicz I, 10003:

Digital multimedia capabilities can be incorporated into a wide range of devices, including
digital televisions, digital direct broadcast systems, wireless communication devices, wireless
broadcast systems, personal digital assistants (PDAs), laptop or desktop computers, digital
cameras, digital recording devices, video gaming devices, video game consoles, cellular or
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satellite radio telephones, digital media players, and the like. Digital multimedia devices may
implement video coding techniques, such as MPEG-2, ITU-H.263, MPEG-4, or ITU-
H.264/MPEG-4 Part 10, Advanced Video Coding (AVC), to transmit and receive or store and
retrieve digital video data more efficiently. Video encoding techniques may perform video
compression via spatial and temporal prediction to reduce or remove redundancy inherent in
video sequences.

Karczewicz I, 10005:

For inter-coding, a video encoder performs motion estimation to track the movement of
matching video blocks between two or more adjacent frames or other coded units, such as slices
of frames. Inter-coded frames may include predictive frames (“P-frames”), which may include
blocks predicted from a previous frame, and bidirectional predictive frames (“B-frames”),
which may include blocks predicted from a previous frame and a subsequent frame of a video
sequence. The terms P-frames and B-frames are somewhat historic in the sense that early
coding techniques limited prediction in specific directions. Newer coding formats and
standards may not limit the prediction direction of P-frames or B-frames. Thus, the term “bi-
directional” now refers to prediction based on two or more lists of reference data regardless of
the temporal relationship of such reference data relative to the data being coded.

Karczewicz I, 10006:

Consistent with newer video standards such as ITU H.264, for example, bi-directional
prediction may be based on two different lists which do not necessarily need to have data that
resides temporally before and after the current video block. In other words, B-video blocks may
be predicted from two lists of data, which may correspond to data from two previous frames,
two subsequent frames, or one previous frame and one subsequent frame. In contrast, P-video
blocks are predicted based on one list, i.e., one data structure, which may correspond to one
predictive frame, e.g., one previous frame or one subsequent frame. B-frames and P-frames
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may be more generally referred to as P-units and B-units. P-units and B-units may also be
realized in smaller coded units, such as slices of frames or portions of frames. B-units may
include B-video blocks, P-video blocks or I-video blocks. P-units may include P-video blocks
or I-video blocks. I-units may include only I-video blocks.

Karczewicz I, 10007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, 10012:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz I, 10022:
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This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
and a decoder may interpret the one or more syntax elements in order to determine whether
rounding should be used in the decoding process.

Karczewicz I, 10029:

FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding system 10
that may implement techniques of this disclosure. As shown in FIG. 1, system 10 includes a
source device 12 that transmits encoded video to a destination device 16 via a communication
channel 15. Source device 12 and destination device 16 may comprise any of a wide range of
devices. In some cases, source device 12 and destination device 16 comprise wireless
communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any devices that can communicate video information over a communication
channel 15, which may or may not be wireless. The techniques of this disclosure, however,
which concern non-zero rounding and prediction mode selection technigues, are not necessarily
limited to wireless applications or settings.

Karczewicz I, §0030:

In the example of FIG. 1, source device 12 may include a video source 20, video encoder 22, a
modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may include a
receiver 26, a modem 27, a video decoder 28, and a display device 30. In accordance with this
disclosure, video encoder 22 of source device 12 may be configured to apply non-zero rounding
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and prediction mode selection techniques as part of a video encoding process. Video decoder
28 may receive one or more syntax elements indicating the selection and indicating whether
non-zero rounding was used. Accordingly, video decoder 28 may perform the proper weighted
prediction signaled in the received bistream.

Karczewicz I, 10032:

Video source 20 of source device 12 may include a video capture device, such as a video
camera, a video archive containing previously captured video, or a video feed from a video
content provider. As a further alternative, video source 20 may generate computer graphics-
based data as the source video, or a combination of live video, archived video, and computer-
generated video. In some cases, if video source 20 is a video camera, source device 12 and
destination device 16 may form so-called camera phones or video phones. In each case, the
captured, pre-captured or computer-generated video may be encoded by video encoder 22. The
encoded video information may then be modulated by modem 23 according to a
communication standard, e.g., such as code division multiple access (CDMA) or another
communication standard, and transmitted to destination device 16 via transmitter 24. Modem
23 may include various mixers, filters, amplifiers or other components designed for signal
modulation. Transmitter 24 may include circuits designed for transmitting data, including
amplifiers, filters, and one or more antennas.

Karczewicz I, 10038:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
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combined encoder/decoder (CODEC) in a respective mobile device, subscriber device,
broadcast device, server, or the like.

Karczewicz I, 10039:

A video sequence typically includes a series of video frames. Video encoder 22 and video
decoder 28 may operate on video blocks within individual video frames in order to encode and
decode the video data. The video blocks may have fixed or varying sizes, and may differ in size
according to a specified coding standard. Each video frame may include a series of slices or
other independently decodable units. Each slice may include a series of macroblocks, which
may be arranged into sub-blocks. As an example, the ITU-T H.264 standard supports intra
prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luma components, and
8x8 for chroma components, as well as inter prediction in various block sizes, such as 16 by
16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data, or blocks
of transformation coefficients, e.g., following a transformation process such as discrete cosine
transform or a conceptually similar transformation process.

Karczewicz I, 10040:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks and the various sub-blocks
may be considered to be video blocks. In addition, a slice may be considered to be a series of
video blocks, such as macroblocks and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Alternatively, frames themselves may be decodable units, or
other portions of a frame may be defined as decodable units. The term “coded unit” refers to
any independently decodable unit of a video frame such as an entire frame, a slice of a frame,
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a group of pictures (GOPs), or another independently decodable unit defined according to the
coding techniques used.

Karczewicz I, 10042:

The techniques of this disclosure are specifically applicable to weighted bi-directional
prediction. As mentioned above, bi-directional prediction is prediction of so-called “B-video
blocks” based on two different lists of data. B-video blocks may be predicted from two lists of
data from two previous frames, two lists of data from subsequent frames, or one list of data
from a previous frame and one from a subsequent frame. In contrast, P-video blocks are
predicted based on one list, which may correspond to one predictive frame, e.g., one previous
frame or one subsequent frame. B-frames and P-frames may be more generally referred to as
P-units and B-units. P-units and B-units may also be realized in smaller coded units, such as
slices of frames or portions of frames. B-units may include B-video blocks, P-video blocks or
I-video blocks. P-units may include P-video blocks or I-video blocks. I-units may include only
I-video blocks.

Karczewicz I, 10007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. 1-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.
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Karczewicz I, Fig. 2:

INPUT

IDEC BLOCKS TO BE CODED

RESID.

Y

MOTION
ESTIMATION
UNIT
2

/

MEMORY

34

A

RECONSTRUCTED
VIDEQ BLOCKS

+ BLocks | TRANSFORM QUANTIZATION
- UNIT =
a8 QUANTIZED
A RESIDUAL
COEFFICIENTS
48
MOTION VECTORS
MOTION
COMPENSATION MODE AND ROUNDING SYNTAX ELEMENTS
UNIT
33

Al

RECON.
RESID.
BLOCKS

INVERSE
TRANSFORM |

UNIT i
44

INVERSE
QUANTIZATION |

Y

ENTROPY
CODING
UNIT
46

——— e e e e ===

VIDEO ENCODER

l

BITSTREAM

Karczewicz I, 10053:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other

179

Nokia Exhibit 2006, p. 179
Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.

Karczewicz I, 10054:

Motion estimation unit 32 selects the appropriate motion vector for the video block to be coded
by comparing the video block to video blocks of one or more predictive coded units (e.g., a
previous and/or future frame in terms of time or temporally). Motion estimation unit 32 may,
as an example, select a motion vector for a B-frame in a number of ways. In one way, motion
estimation unit 32 may select a previous or future frame from a first set of frames (referred to
as list 0) and determine a motion vector using only this previous or future frame from list 0.
Alternatively, motion estimation unit 32 may select a previous or future frame from a second
set of frames (referred to as list 1) and determine a motion vector using only this previous or
future frame from list 1. In yet another way, motion estimation unit 32 may select a first frame
from list 0 and a second frame from list 1 and select one or more motion vectors from the first
frame of list 0 and the second frame of list 1. This third form of prediction may be referred to
as bi-predictive motion estimation. Techniques of this disclosure may be implemented so as to
efficiently select a motion-compensated bi-prediction mode. The selected motion vector for
any given list may point to a predictive video block that is most similar to the video block being
coded, e.g., as defined by a metric such as sum of absolute difference (SAD) or sum of squared
difference (SSD) of pixel values of the predictive block relative to pixel values of the block
being coded.

Karczewicz 1, 110051-76, reproduced supra for claim 1.
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Karczewicz I, Fig. 1and 2, reproduced supra.
Karczewicz 1, 110098-100:

[0098] The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units. The techniques
described herein may also be implemented in hardware, software, firmware, or any
combination thereof. Any features described as modules, units or components may be
implemented together in an integrated logic device or separately as discrete but interoperable
logic devices. In some cases, various features may be implemented as an integrated circuit
device, such as an integrated circuit chip or chipset.

[0099] If implemented in software, the techniques may be realized at least in part by a
computer-readable medium comprising instructions that, when executed in a processor,
performs one or more of the methods described above. The computer-readable medium may
comprise a computer-readable storage medium and may form part of a computer program
product, which may include packaging materials. The computer-readable storage medium may
comprise random access memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile random access memory
(NVRAM), electrically erasable programmable read-only memory (EEPROM), FLASH
memory, magnetic or optical data storage media, and the like. The techniques additionally, or
alternatively, may be realized at least in part by a computer-readable communication medium
that carries or communicates code in the form of instructions or data structures and that can be
accessed, read, and/or executed by a computer.

[0100] The code or instructions may be executed by one or more processors, such as one or
more digital signal processors (DSPs), general purpose microprocessors, an application specific
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integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein may
refer to any of the foregoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the functionality described herein
may be provided within dedicated software modules or hardware modules configured for
encoding and decoding, or incorporated in a combined video codec. Also, the techniques could
be fully implemented in one or more circuits or logic elements.

Karczewicz 11, as evidenced by the example citations below, discloses at least one processor and at
least one memory including computer program code.

See, e.g.,
Karczewicz |1, §0003:

Digital video capabilities can be incorporated into a wide range of devices, including digital
televisions, digital direct broadcast systems, wireless broadcast systems, personal digital
assistants (PDASs), laptop or desktop computers, digital cameras, digital recording devices,
video gaming devices, video game consoles, cellular or satellite radio telephones, and the like.
Digital video devices implement video compression techniques, such as MPEG-2, MPEG-4, or
ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), to transmit and receive
digital video information more efficiently. Video compression techniques may perform spatial
prediction and/or temporal prediction to reduce or remove redundancy inherent in video
sequences.

Karczewicz 11, §0004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
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video sequence. The coded units may comprise video frames, slices of video frames, groups of
pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks

from the original video blocks being coded.

VIDEQ BLOCK

Karczewicz Il, Fig. 2:
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Karczewicz |1, 10025:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz |1, 10026:

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to encode video data, wherein the
instructions cause the device to generate prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encode the video data based on the prediction data.

Karczewicz 11, 10027:

This disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to decode video data, wherein the instructions
cause the device to, upon receiving a syntax element that identifies an interpolation filter from
a plurality of different pre-defined interpolation filters, generate prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decode the video data based on
the prediction data.

Karczewicz |1, §0040:

184 Nokia Exhibit 2006, p. 184

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding system 10
that may implement techniques of this disclosure. As shown in FIG. 1, system 10 includes a
source device 12 that transmits encoded video to a destination device 16 via a communication
channel 15. Source device 12 and destination device 16 may comprise any of a wide range of
devices. In some cases, source device 12 and destination device 16 comprise wireless
communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any wireless devices that can communicate video information over a
communication channel 15, in which case communication channel 15 is wireless. The
techniques of this disclosure, however, which concern motion compensated interpolation, are
not necessarily limited to wireless applications or settings.

Karczewicz Il, §0041:

In the example of FIG. 1, source device 12 may include a video source 20, video encoder 22, a
modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may include a
receiver 26 a modem 27, a video decoder 28, and a display device 30. In accordance with this
disclosure, video encoder 22 of source device 12 may be configured to apply one or more of
the interpolation techniques of this disclosure as part of a video encoding process. Similarly,
video decoder 28 of destination device 16 may be configured to apply one or more of the
interpolation techniques of this disclosure as part of a video decoding process.

Karczewicz |1, 10043:

Video source 20 of source device 12 may include a video capture device, such as a video
camera, a video archive containing previously captured video, or a video feed from a video
content provider. As a further alternative, video source 20 may generate computer graphics-
based data as the source video, or a combination of live video, archived video, and computer-
generated video. In some cases, if video source 20 is a video camera, source device 12 and
destination device 16 may form so-called camera phones or video phones. In each case, the
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captured, pre-captured or computer-generated video may be encoded by video encoder 22. The
encoded video information may then be modulated by modem 23 according to a
communication standard, e.g., such as code division multiple access (CDMA) or another
communication standard, and transmitted to destination device 16 via transmitter 24. Modem
23 may include various mixers, filters, amplifiers or other components designed for signal
modulation. For wireless applications, transmitter 24 may include circuits designed for
transmitting data, including amplifiers, filters, and one or more antennas.

Karczewicz |1, 10048:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined CODEC in a respective mobile device, subscriber device, broadcast device, server,
or the like.

Karczewicz |1, 10049:

A video sequence typically includes a series of video frames. Video encoder 22 operates on
video blocks within individual video frames in order to encode the video data. The video blocks
may have fixed or varying sizes, and may differ in size according to a specified coding standard.
Each video frame includes a series of slices. Each slice may include a series of macroblocks,
which may be arranged into sub-blocks. As an example, the ITU-T H.264 standard supports
intra prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luma components,
and 8x8 for chroma components, as well as inter prediction in various block sizes, such as 16
by 16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data, or blocks
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of transformation coefficients, e.g., following a transformation process such as discrete cosine
transform or a conceptually similar transformation process.

Karczewicz |1, §0050:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks (MBs) and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as MBs and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Video encoder 22 and video decoder 28 perform inter-based
predictive coding, which involves the generation of predictive reference data and the
subtraction of a video block to be coded from the predictive reference data to generate residual
data, which may then be transformed, quantized and entropy coded. The inter-based predictive
coding may include interpolation of the predictive data in accordance with this disclosure.

Karczewicz |1, 10054:

FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may perform
motion compensated interpolation consistent with this disclosure. Video encoder 50 may
correspond to video encoder 22 of device 20, or a video encoder of a different device. Video
encoder 50 may perform intra- and inter-coding of blocks within video frames, although intra-
coding is not illustrated. Intra-coding relies on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame. Inter-coding relies on temporal prediction to
reduce or remove temporal redundancy in video within adjacent frames of a video sequence.
Intra-mode (I-mode) may refer to the spatial based compression mode and Inter-modes such as
prediction (P-mode) or bi-directional (B-mode) may refer to the temporal based compression
modes. The techniques of this disclosure typically may be applied during inter-coding, and
therefore, intra-coding units such as spatial prediction unit are not illustrated in FIG. 2 for
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simplicity and ease of illustration. However, the rounding techniques of this disclosure may
also be applicable to spatial prediction and intra coding techniques.

Karczewicz |1, 10055:

As shown in FIG. 2, video encoder 50 receives a current video block within a video frame to
be encoded. In the example of FIG. 2, video encoder 50 includes motion estimation unit 32, a
motion compensation unit 35, a reference frame store 34, an adder 48, a transform unit 38, a
quantization unit 40, and an entropy coding unit 46. For video block reconstruction, video
encoder 50 also includes an inverse quantization unit 42, an inverse transform unit 44 adder 51.
A deblocking filter (not shown) may also be included to filter block boundaries to remove
blockiness artifacts from reconstructed video. If desired, the deblocking filter would typically
filter the output of adder 51.

Karczewicz |1, 10056:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
The interpolation techniques described in this disclosure are described as being performed by
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motion compensation unit 35. However, interpolation may be performed during motion
estimation in order to facilitate the selection of the best motion vectors.

Karczewicz I, §0057:

In accordance with this disclosure, motion estimation 32 selects the appropriate motion vector
for the video block to be coded by comparing the video block to video blocks of a predictive
coded unit (e.g., a previous frame). At this point, motion compensation unit 35 may perform
interpolation in order to generate predictive data at sub-pixel resolution. In some cases, during
motion estimation, the interpolation may be based on a fixed interpolation filter. In other cases,
the different interpolation filters applied during motion compensation (as outlined below) may
also be used during the motion estimation process for purposes of motion vector selection.

Karczewicz |1, 10058:

Once motion estimation unit 32 has selected the motion vector for the video block to be coded,
motion compensation unit 35 generates the predictive video block associated with that motion
vector. According to this disclosure, however, motion compensation unit 35 may consider
several versions of any predictive video block that has sub-pixel resolution. In this case, motion
compensation unit 35 may apply a plurality of pre-defined interpolation filters in order to
generate a plurality of different interpolated prediction data for the video block to be coded.
Motion compensation unit 35 then selects the interpolated prediction data (e.g., an interpolated
video block associated with one of the interpolation filters) that achieves the highest levels of
compression. The interpolation filter that was used to generate the interpolated data may be
coded as interpolation syntax and communicated to entropy coding unit 46 for inclusion in the
coded bitstream. Once motion compensation unit 35 has selected and applied the best
interpolation filter, the motion compensation unit 35 generates the predictive data using that
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interpolation filter, and video encoder applies adder 48 to subtract that predictive data from the
video block being coded to generate residual data.

Karczewicz |1, 10059:

Also, according to another aspect of this disclosure, video encoder 22 and video decoder 28
may apply interpolation techniques that eliminate or significantly reduce intermediate rounding
of half-pixel values for quarter-pixel interpolation. In this case, video encoder 22 and video
decoder 28 may round the interpolated half-pixel values for purposes of half-pixel
interpolation. For quarter-pixel interpolation, however, video encoder 22 and video decoder 28
may store and use non-rounded versions of the half-pixel values in order to reduce or eliminate
propagation of rounding inaccuracies from the half-pixel values to the quarter-pixel values. In
some cases, slight rounding may be applied to one particular half-pixel value that requires two
levels of interpolation in order to ensure that fixed size storage elements (e.g., 16-bit registers)
can be used to store any intermediate values.

Karczewicz |1, 10060:

As noted, once motion compensation unit 35 generated prediction data (e.g., an interpolated
predictive video block), video encoder 50 forms a residual video block by subtracting the
prediction data from the original video block being coded. Adder 48 represents the component
or components that perform this subtraction operation. Transform unit 38 applies a transform,
such as a discrete cosine transform (DCT) or a conceptually similar transform, to the residual
block, producing a video block comprising residual transform block coefficients. Transform
unit 38, for example, may perform other transforms, such as those defined by the H.264
standard, which are conceptually similar to DCT. Wavelet transforms, integer transforms, sub-
band transforms or other types of transforms could also be used. In any case, transform unit 38
applies the transform to the residual block, producing a block of residual transform coefficients.
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The transform may convert the residual information from a pixel domain to a frequency
domain.

Karczewicz |1, 10061:

Quantization unit 40 quantizes the residual transform coefficients to further reduce bit rate. The
quantization process may reduce the bit depth associated with some or all of the coefficients.
For example, a 16-bit value may be rounded down to a 15-bit value during quantization.
Following quantization, entropy coding unit 46 entropy codes the quantized transform
coefficients. For example, entropy coding unit 46 may perform content adaptive variable length
coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or another entropy
coding methodology. Following the entropy coding by entropy coding unit 46, the encoded
video may be transmitted to another device or archived for later transmission or retrieval. The
coded bitstream may include entropy coded residual blocks, motion vectors for such blocks,
and other syntax including the interpolation syntax that identifies the interpolation filters that
were applied by motion compensation unit 35.

Karczewicz |1, 10062:

Inverse quantization unit 42 and inverse transform unit 44 apply inverse quantization and
inverse transformation, respectively, to reconstruct the residual block in the pixel domain, e.g.,
for later use a reference block. Summer 51 adds the reconstructed residual block to the motion
compensated prediction block produced by motion compensation unit 35 to produce a
reconstructed video block for storage in reference frame store 34. The reconstructed video
block may be used by motion estimation unit 32 and motion compensation unit 35 as a reference
block to inter-encode a block in a subsequent video frame.

Karczewicz 11, §0073:
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After motion estimation, the best motion vector for a given video block may be identified, e.g.,
possibly using a rate-distortion model to balance the coding rate and quality. Then, the
prediction video block is formed during motion compensation using the best motion vector. As
outlined above, the residual video block is formed by subtracting the prediction video block
from the original video block. A transform is then applied on the residual block, and the
transform coefficients are quantized and entropy coded to further reduce bit rate.

Karczewicz |1, 10089:

The average filter for a particular sub-pixel position may also be normalized such that all filter
coefficients add up to 1.0. The average filter may also be quantized to a certain fixed-point
precision (e.g., 13-bit precision). The use of fixed-point precision in the filter coefficient
ensures that implementations across different platforms will not have drifts. Furthermore, a true
fixed-point implementation may be derived from such pre-defined filter coefficients. Any
customized filters may have different characteristics. Specifically, different filters may be non-
separable filters or separable filters, and different filters may define different filter supports
(e.g., 6x6 or 4x4).

Karczewicz 11, 10103:
Unfortunately, interpolation of value “” can be more complicated since the interpolation at
position j requires two levels of half-pixel interpolation. In particular, to interpolate *“j,” twenty
bits may be required to represent the intermediate value “j1.” In this case, the intermediate
version “j1” of “” may be rounded to fit within sixteen bits. In this case, the operations
discussed above may be implemented with minor modification so that all operations can fit
within sixteen bit data structures without sacrificing precision. The interpolation of “b” and “h”
may be the same as that defined above, except that their intermediate versions “bl” and “h1”
may be stored for other sub-pixel interpolation. The following Tables show the interpolation

process for other sub-pixels in sixteen bit storage elements. In the Tables below, the operations
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defined in each column are performed sequentially through the respective table. Shaded rows
contain operations that are performed at the end of the process, and are not used for

interpolation of other sub-pixel positions.
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TABLE 5

positions {a, e, d, 1} of FIGS, 444D

Min Max Register

Operation Comment value value size
rl=x rl is integer pixel x 0 255 Bu
rl=rl==5 rlis3i2*x 0 Blad 13u
2 =y0 1215 v (y0 15 4 one- =2550 10710 155

dimensional (1-D

half-pizel such as b1, hl, ecl

and hhl before shifting down)
rl=rl+12 rlis32*x+y0 -2550  18ET0 los
rl=rl +32 rlis32*x+v0+32 -2518 18902 l16s
rlmrl>>6 ris(32%* x+y0+31)>26 =39 295 11s
rl = max clip 1 on the low side 0 295 10u
(0, rl}
rl =min clip rl on the high side 0 255 Bu
(235, rl)
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TABLE 6

positions {e, g m. o} of FIGS, 4A-4D

Min Max Register

Operation Conunent value value size
rl =y rl is vD ivOis a 1-D half-pixel  -2550 10710 15s

guch as b1, hl, eel and hhl

hefore shifting down)
2=v1 r2isvl (wlisa l-D half-pixe]  -2330 10710 15s

such ag bl, hl, eel and hhl

hefore shifting down)
rl=rl+12 rlisy0+vyl =5100 21420 16s
rl=rl +32 rlisv0+yl+32 =5068 21452 16s
fl=rl>=6 rlis(y0+v]l+32)5=6 =79 335 11s
1l = max clip r1 on the low side 0 335 1tn
(o, rl}
rl =min clip r1 on the high side 0 2535 Hu
(255, rl)

Karczewicz |1, §0118-120:

[0118] The techniques of this disclosure may be embodied in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units, etc.

[0119] Accordingly, the techniques described herein may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in hardware, any features
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described as modules, units or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. If implemented in software, the
techniques may be realized at least in part by a computer-readable medium comprising
instructions that, when executed in a processor, performs one or more of the methods described
above. The computer-readable medium may comprise a computer-readable storage medium
and may form part of a computer program product, which may include packaging materials.
The computer-readable storage medium may comprise random access memory (RAM) such as
synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-
volatile random access memory (NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the like.
The techniques additionally, or alternatively, may be realized at least in part by a computer-
readable communication medium that carries or communicates code in the form of instructions
or data structures and that can be accessed, read, and/or executed by a computer.

[0120] The code may be executed by one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, an application specific integrated circuits
(ASICs), field programmable logic arrays (FPGAS), or other equivalent integrated or discrete
logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of the
foregoing structure or any other structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the functionality described herein may be
provided within dedicated software modules or hardware modules configured for encoding and
decoding, or incorporated in a combined video encoder-decoder (CODEC). Also, the
techniques could be fully implemented in one or more circuits or logic elements.

Based on these disclosures, a POSITA would have understood that, in a conventional computing
device, the processor executes computer program code in the memory which is configured to cause the
device to carry out its functionalities. Therefore, Karczewicz | and Il teach an encoder and decoder
device as recited in in this limitation that performs operations as described in the remaining limitations
of this claim. Alternatively, it would have been obvious to a POSITA to implement the teachings of
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Karczewicz | and Il in the claimed processor and memory because that is a conventional computing
architecture for performing encoding operations.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[b] determine, for a current
block, a first reference block
based on a first motion vector
and a second reference block
based on a second motion
vector, wherein the pixels of
the current block, the first
reference block, and the
second reference block have
values with a first precision;

The combination of Karczewicz | and Karczewicz Il discloses determining, for a current block, a first
reference block based on a first motion vector and a second reference block based on a second motion
vector, wherein the pixels of the current block, the first reference block, and the second reference block
have values with a first precision.

See, e.0.,
See limitation 1[a].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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7[c] use said first reference
block to obtain a first
prediction, said first prediction
having a second precision,
which is higher than said first
precision;

The combination of Karczewicz | and Karczewicz Il discloses using the first reference block to obtain
a first prediction, the first prediction having a second precision, which is higher than the first precision.

See, e.0.,
See limitation 1[b].
Supra limitation 7[b].

See also the disclosures and analysis of Karczewicz | and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[d] use said second reference
block to obtain a second
prediction, said  second
prediction having the second
precision;

The combination of Karczewicz | and Karczewicz Il discloses using the second reference block to
obtain a second prediction, the second prediction having the second precision.

See, e.g.,
See limitation 1[c].
Supra limitations 7[b]-7[c].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.
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Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[e] obtain a combined | The combination of Karczewicz | and Karczewicz Il discloses a combined prediction based at least
prediction based at least partly | partly upon the first prediction and the second prediction.

upon said first prediction and
said second prediction; See, e.g.,

See limitation 1[d].
Supra limitations 7[b]-7[d].

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[f] decrease a precision of | The combination of Karczewicz I and Karczewicz 11 discloses decreasing a precision of the combined
said combined prediction by | prediction by shifting bits of the combined prediction to the right.

shifting bits of the combined
prediction to the right; and See, e.g.,
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See limitation 1[e].
Supra limitations 7[d]-7[e].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

7[g] encode residual data in a | The combination of Karczewicz | and Karczewicz Il discloses encoding residual data in a bitstream,
bitstream, wherein the residual | wherein the residual data is determined based upon a difference between the combined prediction and
data is determined based upon | the block of pixels.

a difference between the
combined prediction and the | See, €.g.,

block of pixels. o
See limitation 1[f].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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8. The apparatus according to
claim 7, wherein in an instance
in which said first motion
vector points to a subpixel,
said first prediction is obtained
by interpolation using pixel
values of said first reference
block.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the first
motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel values
of the first reference block.

See, e.g.,
See claim 2.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

9. The apparatus according to
claim 8, wherein said first
prediction is obtained by
interpolation using values of
said first reference block by:
right shifting a sum of a P-tap
filter using values of said first
reference block.

The combination of Karczewicz | and Karczewicz Il discloses that the first prediction is obtained by
interpolation using values of the first reference block by right shifting a sum of a P-tap filter using
values of the first reference block.

See, e.0.,
See claim 3.
Supra claim 1.

See claim 2.
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See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

10. The apparatus according to | The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the second
claim 8, wherein in an instance | motion vector points to an integer sample, the second prediction is obtained by shifting values of the
in which said second motion | second reference block to the left.

vector points to an integer
sample, said second prediction | See, €.g.,
is obtained by shifting values )
of said second reference block | See claim 4.

to the left. .
Supra claim 2.

Supra limitation 1[c].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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11. The apparatus according to
claim 7, wherein the at least
one memory and computer
code are configured to cause
the apparatus to decrease said
precision of said combined
prediction by shifting bits of
the combined prediction to the
right, by: inserting a rounding

offset to the combined
prediction before said
decreasing.

The combination of Karczewicz | and Karczewicz Il discloses that the at least one memory and
computer code are configured to cause the apparatus to decrease the precision of the combined
prediction by shifting bits of the combined prediction to the right, by inserting a rounding offset to the
combined prediction before the decreasing.

See, e.0.,

See claim 5.

Supra claim 1.

Supra limitations 1[d] and 1[e].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

12. The apparatus according to
claim 7, wherein the first
precision indicates a number
of bits needed to represent the
values of the pixels, and the
second precision indicates the
number of bits needed to
represent values of said first

The combination of Karczewicz | and Karczewicz Il discloses that the first precision indicates a
number of bits needed to represent the values of the pixels, and the second precision indicates the
number of bits needed to represent values of the first prediction and values of the second prediction.

See, e.g.,

See claim 6.

203 Nokia Exhibit 2006, p. 203

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

prediction and values of said | Supra limitations 1[b]-1[c].

second prediction.
Supra claim 1.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[preamble] A computer | The combination of Karczewicz | and Karczewicz 11 discloses computer program product for encoding
program product for encoding | a block of pixels, the computer program product comprising at least one non-transitory computer
a block of pixels, the computer | readable storage medium having computer executable program code portions stored therein.

program product comprising at
least one  non-transitory | See, e.g.,
computer readable storage L
medium having computer | See limitations 1[preamble], 7[preamble], and 7[a].
executable  program  code
portions stored therein, the
computer executable program
code portions comprising
program code instructions
configured to:

See, e.g.,
Karczewicz I, §0012;

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
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software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz I, §0013;

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that when executed cause a processor to select between default
weighted prediction and implicit weighted prediction, upon selecting default weighted
prediction, select between explicit weighted prediction based on calculated weights and explicit
weighted prediction based on weights defined by the default weighted prediction, upon
selecting implicit weighted prediction, select between explicit weighted prediction based on
calculated weights and explicit weighted prediction based on weights defined by the implicit
weighted prediction, and encode the video data using weighed prediction data defined by the
selections.

Karczewicz |, §0038:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined encoder/decoder (CODEC) in a respective mobile device, subscriber device,
broadcast device, server, or the like.

Karczewicz I, §10098-100:

[0098] The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
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set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units. The techniques
described herein may also be implemented in hardware, software, firmware, or any
combination thereof. Any features described as modules, units or components may be
implemented together in an integrated logic device or separately as discrete but interoperable
logic devices. In some cases, various features may be implemented as an integrated circuit
device, such as an integrated circuit chip or chipset.

[0099] If implemented in software, the techniques may be realized at least in part by a
computer-readable medium comprising instructions that, when executed in a processor,
performs one or more of the methods described above. The computer-readable medium may
comprise a computer-readable storage medium and may form part of a computer program
product, which may include packaging materials. The computer-readable storage medium may
comprise random access memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile random access memory
(NVRAM), electrically erasable programmable read-only memory (EEPROM), FLASH
memory, magnetic or optical data storage media, and the like. The techniques additionally, or
alternatively, may be realized at least in part by a computer-readable communication medium
that carries or communicates code in the form of instructions or data structures and that can be
accessed, read, and/or executed by a computer.

[0100] The code or instructions may be executed by one or more processors, such as one or
more digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein may
refer to any of the foregoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the functionality described herein
may be provided within dedicated software modules or hardware modules configured for
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encoding and decoding, or incorporated in a combined video codec. Also, the techniques could
be fully implemented in one or more circuits or logic elements.

See, e.0.,
Karczewicz I, 10025:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz |1, 10026:

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to encode video data, wherein the
instructions cause the device to generate prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encode the video data based on the prediction data.

Karczewicz |1, §10028:

In addition, this disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to interpolate predictive video data for video
coding, wherein the instructions cause the device to generate half-pixel values based on integer
pixel values, round the half-pixel values to generate half-pixel interpolated values, store the
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half-pixel values as non-rounded versions of the half-pixel values, and generate quarter-pixel
values based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, 10048:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAS), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined CODEC in a respective mobile device, subscriber device, broadcast device, server,
or the like.

Karczewicz |1, §0118-120:

[0118] The techniques of this disclosure may be embodied in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units, etc.

[0119] Accordingly, the techniques described herein may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in hardware, any features
described as modules, units or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. If implemented in software, the
techniques may be realized at least in part by a computer-readable medium comprising
instructions that, when executed in a processor, performs one or more of the methods described
above. The computer-readable medium may comprise a computer-readable storage medium
and may form part of a computer program product, which may include packaging materials.
The computer-readable storage medium may comprise random access memory (RAM) such as
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synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-
volatile random access memory (NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the like.
The techniques additionally, or alternatively, may be realized at least in part by a computer-
readable communication medium that carries or communicates code in the form of instructions
or data structures and that can be accessed, read, and/or executed by a computer.

[0120] The code may be executed by one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, an application specific integrated circuits
(ASICs), field programmable logic arrays (FPGAS), or other equivalent integrated or discrete
logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of the
foregoing structure or any other structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the functionality described herein may be
provided within dedicated software modules or hardware modules configured for encoding and
decoding, or incorporated in a combined video encoder-decoder (CODEC). Also, the
techniques could be fully implemented in one or more circuits or logic elements.

Based on these disclosures, Karczewicz | and Karczewicz 1l implement their teachings using program
code, executable by a processor, residing on computer-readable storage media, including memory
types, hard disks, and CD-ROMs, which were forms of non-transitory media as opposed to transitory
signals. Software modules obviously comprise executable program code portions including program
code instructions. Karczewicz | and Karczewicz Il apply their teachings to a computer-program
product. The operations taught by Karczewicz | and Karczewicz 11, performed by the software module,
teach the limitations of claim 13. Additionally, a POSITA would have found it obvious to have a
computer program product that includes a storage medium storing the software module, since computer
program products have almost universally stored their software program code in non-transitory
mediums for decades. Therefore, Karczewicz | and Karczewicz Il teach a computer program product
as recited in claim 13 that performs the operations recited in claim 13.
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See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[a] determine, for a current
block, a first reference block
based on a first motion vector
and a second reference block
based on a second motion
vector, wherein the pixels of
the current block, the first
reference block, and the
second reference block have
values with a first precision;

The combination of Karczewicz | and Karczewicz Il discloses determining, for a current block, a first
reference block based on a first motion vector and a second reference block based on a second motion
vector, wherein the pixels of the current block, the first reference block, and the second reference block
have values with a first precision.

See, e.0.,
See limitation 1[a].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[b] use said first reference
block to obtain a first
prediction, said first prediction

The combination of Karczewicz | and Karczewicz Il discloses using the first reference block to obtain
a first prediction, the first prediction having a second precision, which is higher than the first precision.
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having a second precision, | See,e.g.,
which is higher than said first
precision; See limitation 1[b].

Supra limitation 1[preamble].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz 11, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[c] wuse said second | The combination of Karczewicz | and Karczewicz Il discloses using the second reference block to
reference block to obtain a | obtain a second prediction, the second prediction having the second precision.

second prediction, said second
prediction having the second | See, e.g.,
precision;

See limitation 1[c].
Supra limitation 13[b].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[d] obtain a combined | The combination of Karczewicz | and Karczewicz Il discloses obtaining a combined prediction based
prediction based at least partly | at least partly upon the first prediction and the second prediction.

upon said first prediction and
said second prediction; See, e.g.,

See limitation 1[d].
Supra limitations 13[b]-13][c].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[e] decrease a precision of | The combination of Karczewicz | and Karczewicz Il discloses decreasing a precision of the combined
said combined prediction by | prediction by shifting bits of the combined prediction to the right.

shifting bits of the combined
prediction to the right; and See, e.g.,

See limitation 1[e].
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Supra limitations 13[b]-13[d].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

13[f] encode residual data in a | The combination of Karczewicz | and Karczewicz Il discloses encoding residual data in a bitstream,
bitstream, wherein the residual | wherein the residual data is determined based upon a difference between the combined prediction and
data is determined based upon | the block of pixels.

a difference between the
combined prediction and the | See, e.g.,

block of pixels. .
See limitation 1[f].

Supra limitations 13[d]-13[e].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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14. The computer program
product according to claim 13,
wherein in an instance in
which said first motion vector
points to a subpixel, said first
prediction is obtained by
interpolation  using  pixel
values of said first reference
block.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the first
motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel values
of the first reference block.

See, e.g.,
See claim 2.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

15. The computer program
product according to claim 14,
wherein said first prediction is
obtained by interpolation
using values of said first
reference block by: right
shifting a sum of a P-tap filter
using values of said first
reference block.

The combination of Karczewicz | and Karczewicz Il discloses that the first prediction is obtained by
interpolation using values of the first reference block by right shifting a sum of a P-tap filter using
values of the first reference block.

See, e.0.,
See claim 3.
Supra claim 2.

Supra limitation 1[c].
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See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

16. The computer program
product according to claim 14,
wherein in an instance in
which said second motion
vector points to an integer
sample, said second prediction
is obtained by shifting values
of said second reference block
to the left.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the second
motion vector points to an integer sample, the second prediction is obtained by shifting values of the
second reference block to the left.

See, e.g.,
See claim 4.
Supra claim 2.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

17. The computer program
product according to claim 13,

The combination of Karczewicz | and Karczewicz Il discloses that the program code instructions
configured to decrease the precision of the combined prediction by shifting bits of the combined
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wherein the program code
instructions  configured to
decrease said precision of said
combined  prediction by
shifting bits of the combined
prediction to the right, further
comprise  program  code
instructions configured to:
insert a rounding offset to the
combined prediction before
said decreasing.

prediction to the right, further comprise program code instructions configured to insert a rounding
offset to the combined prediction before the decreasing.

See, e.0.,

See claims 5 and 11.

Supra claim 1.

Supra limitations 1[d] and 1[e].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz | and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

18. The computer program
product according to claim 13,
wherein the first precision
indicates a number of bits
needed to represent the values
of the pixels, and the second
precision indicates the number
of bits needed to represent
values of said first prediction

The combination of Karczewicz | and Karczewicz Il discloses that the first precision indicates a
number of bits needed to represent the values of the pixels, and the second precision indicates the
number of bits needed to represent values of the first prediction and values of the second prediction.

See, e.g.,
See claim 6.

See limitation 1[a].
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and values of said second | Supra limitations 1[b]-1[c].
prediction.
Supra claim 1.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[preamble] A method for | Karczewicz I, as evidenced by the example citations below, discloses a method for decoding a block
decoding a block of pixels, the | of pixels.

method comprising:
See, e.0.,

Karczewicz I, §0008:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block may be predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
techniques are described for selecting among default weighted prediction, implicit weighted
prediction, and explicit weighted prediction. In this context, techniques are also described for
adding offset to prediction data, e.g., using the format of explicit weighted prediction to allow
for offsets to predictive data that is otherwise defined by implicit or default weighted prediction.

Karczewicz I, §0009:

217 Nokia Exhibit 2006, p. 217

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

In one example, this disclosure describes a method of encoding video data, the method
comprising selecting between default weighted prediction and implicit weighted prediction,
upon selecting default weighted prediction, selecting between explicit weighted prediction
based on calculated weights and explicit weighted prediction based on weights defined by the
default weighted prediction, upon selecting implicit weighted prediction, selecting between
explicit weighted prediction based on calculated weights and explicit weighted prediction based
on weights defined by the implicit weighted prediction, and encoding the video data using
weighed prediction data defined by the selections.

Karczewicz I, §0022:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
and a decoder may interpret the one or more syntax elements in order to determine whether
rounding should be used in the decoding process.

Karczewicz I, Fig. 1:
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Karczewicz |, §0029:

FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding system 10
that may implement techniques of this disclosure. As shown in FIG. 1, system 10 includes a
source device 12 that transmits encoded video to a destination device 16 via a communication
channel 15. Source device 12 and destination device 16 may comprise any of a wide range of
devices. In some cases, source device 12 and destination device 16 comprise wireless

communication devices, such as wireless handsets,

so-called cellular or satellite
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radiotelephones, or any devices that can communicate video information over a communication
channel 15, which may or may not be wireless. The techniques of this disclosure, however,
which concern non-zero rounding and prediction mode selection techniques, are not necessarily
limited to wireless applications or settings.

Karczewicz I, §0030:

In the example of FIG. 1, source device 12 may include a video source 20, video encoder 22, a
modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may include a
receiver 26, a modem 27, a video decoder 28, and a display device 30. In accordance with this
disclosure, video encoder 22 of source device 12 may be configured to apply non-zero rounding
and prediction mode selection techniques as part of a video encoding process. Video decoder
28 may receive one or more syntax elements indicating the selection and indicating whether
non-zero rounding was used. Accordingly, video decoder 28 may perform the proper weighted
prediction signaled in the received bistream.

Karczewicz I, §0033:

Receiver 26 of destination device 16 receives information over channel 15, and modem 27
demodulates the information. Again, the video encoding process may implement one or more
of the techniques described herein to provide non-zero rounding and prediction mode selection
consistent with this disclosure. The information communicated over channel 15 may include
information defined by video encoder 22, which may be used by video decoder 28 consistent
with this disclosure. Display device 30 displays the decoded video data to a user, and may
comprise any of a variety of display devices such as a cathode ray tube, a liquid crystal display
(LCD), a plasma display, an organic light emitting diode (OLED) display, or another type of
display device.
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Karczewicz 1, Fig. 4:
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Karczewicz I, §0039:

A video sequence typically includes a series of video frames. Video encoder 22 and video
decoder 28 may operate on video blocks within individual video frames in order to encode and
decode the video data. The video blocks may have fixed or varying sizes, and may differ in size
according to a specified coding standard. Each video frame may include a series of slices or
other independently decodable units. Each slice may include a series of macroblocks, which
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may be arranged into sub-blocks. As an example, the ITU-T H.264 standard supports intra
prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luma components, and
8x8 for chroma components, as well as inter prediction in various block sizes, such as 16 by
16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data, or blocks
of transformation coefficients, e.g., following a transformation process such as discrete cosine
transform or a conceptually similar transformation process.

Karczewicz I, §0040:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks and the various sub-blocks
may be considered to be video blocks. In addition, a slice may be considered to be a series of
video blocks, such as macroblocks and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Alternatively, frames themselves may be decodable units, or
other portions of a frame may be defined as decodable units. The term “coded unit” refers to
any independently decodable unit of a video frame such as an entire frame, a slice of a frame,
a group of pictures (GOPs), or another independently decodable unit defined according to the
coding techniques used.

Karczewicz |, §0083-86:

[0083] FIG. 4 is a block diagram illustrating an exemplary video decoder 70, which may
perform the reciprocal decoding techniques to the encoding techniques described above. Video
decoder 70 may include an entropy decoding unit 72, a prediction unit 75, an inverse
quantization unit 76, an inverse transform unit 78, a memory 74 and adder 79. Prediction unit
75 may include a motion compensation (MC) unit 88, as well as spatial prediction components,
which are not shown for simplicity and ease of illustration.
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[0084] Video decoder 70 may receive encoded video data, and one or more syntax elements
that indicate whether a rounding adjustment was used to encode the encoded video data. MC
unit 86 of prediction unit 75 may generate weighted prediction data that depends on two or
more lists of data, as described herein. In accordance with this disclosure, the weighted
prediction data does not include the rounding adjustment if the one or more syntax elements
indicate that the rounding adjustment was not used to encode the encoded video data. Video
decoder 70 can decode the video data using the weighted prediction data, e.g., by invoking
adder 79 to add the weighted prediction data (e.g., a prediction block) to residual data (e.g., a
residual block).

[0085] In general, entropy decoding unit 72 receives an encoded bitsteam and entropy decodes
the bitstream to generate quantized coefficients, motion information and other syntax. The
motion information (e.g., motion vectors) and other syntax are forwarded to prediction unit 75
for use in generating the predictive data. Prediction unit 75 performs bidirectional prediction
consistent with this disclosure, avoiding rounding adjustments in some cases, and possibly
implementing default, implicit or explicit weighted prediction according to the received syntax
elements. The syntax elements may identify the type of weighted prediction that to be used,
coefficients and offset if explicit weighted prediction to be used, and whether rounding
adjustments should be used in the decoding.

[0086] The quantized coefficients are sent from entropy decoding unit 72 to inverse
quantization unit 76, which performs inverse quantization. Inverse transform unit 78 then
inverse transforms the de-quantized coefficients back to the pixel domain to generate a residual
block. Adder 79 combines the prediction data (e.g., a prediction block) generated by prediction
unit 75 with the residual block from inverse transform unit 78 to create a reconstructed video
block, which may be stored in memory 74 and/or output from video decoder 70 as decoded
video output.
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Karczewicz 11, as evidenced by the example citations below, discloses a method for decoding a block
of pixels.

See, e.0.,
Karczewicz I, Abstract:

This disclosure describes various interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. In one example, an encoder
interpolates pixel values of reference video data based on a plurality of different pre-defined
interpolation filters. In this example, the decoder receives a syntax element that identifies an
interpolation filter, and interpolates pixel values of reference video data based on the
interpolation filter identified by the syntax element. In another example, a method of
interpolating predictive video data includes generating half-pixel values based on integer pixel
values, rounding the half-pixel values to generate half-pixel interpolated values, storing the
half-pixel values as non-rounded versions of the half-pixel values, and generating quarter-pixel
values based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, §0002:

This disclosure relates to digital video coding and, more particularly, fractional interpolations
of predictive data used in video coding.

Karczewicz |1, §0006:

A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
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residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.

Karczewicz Il, 10013:

In another example, this disclosure provides a method of decoding video data. The decoding
method comprises receiving a syntax element that identifies an interpolation filter from a
plurality of different pre-defined interpolation filters, generating prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decoding the video data based
on the prediction data.

Karczewicz 11, 10014:

In another example, this disclosure provides a method of interpolating predictive video data for
video coding. The method comprises generating half-pixel values based on integer pixel values,
rounding the half-pixel values to generate half-pixel interpolated values, storing the half-pixel
values as non-rounded versions of the half-pixel values, and generating quarter-pixel values
based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, §0035:

This disclosure describes various interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. According to one aspect of
this disclosure, the encoder may apply a plurality of pre-defined interpolation filters in order to
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generate a plurality of different interpolated prediction data. The interpolated prediction data
that achieves the highest levels of compression may be selected at the encoder, and the
interpolation filter that was used may be coded as syntax and communicated to the decoding
device as part of the coded video data. The interpolated prediction data comprises reference
data. Video data to be coded (e.g., a video block) may be subtracted from interpolated
prediction data (e.g., an interpolated predictive reference block) in order to define a residual
block of encoded data, which may then be transformed, quantized and entropy coded.

Karczewicz 11, Fig.1:
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Karczewicz 11, §0040-41:
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[0040] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may implement techniques of this disclosure. As shown in FIG. 1, system 10
includes a source device 12 that transmits encoded video to a destination device 16 via a
communication channel 15. Source device 12 and destination device 16 may comprise any of
a wide range of devices. In some cases, source device 12 and destination device 16 comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any wireless devices that can communicate video information over a
communication channel 15, in which case communication channel 15 is wireless. The
techniques of this disclosure, however, which concern motion compensated interpolation, are
not necessarily limited to wireless applications or settings.

[0041] In the example of FIG. 1, source device 12 may include a video source 20, video encoder
22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may
include a receiver 26 a modem 27, a video decoder 28, and a display device 30. In accordance
with this disclosure, video encoder 22 of source device 12 may be configured to apply one or
more of the interpolation techniques of this disclosure as part of a video encoding process.
Similarly, video decoder 28 of destination device 16 may be configured to apply one or more
of the interpolation techniques of this disclosure as part of a video decoding process.

Karczewicz |1, 10044:

Receiver 26 of destination device 16 receives information over channel 15, and modem 27
demodulates the information. Again, the video encoding process may implement one or more
of the techniques described herein to improve the interpolation during motion compensation.
The video decoding process performed by video decoder 28 may also perform interpolation
during its motion compensation stage of the decoding process. Display device 30 displays the
decoded video data to a user, and may comprise any of a variety of display devices such as a
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cathode ray tube, a liquid crystal display (LCD), a plasma display, an organic light emitting
diode (OLED) display, or another type of display device.

Karczewicz 11, Fig. 3:
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Karczewicz |1, 10049:
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A video sequence typically includes a series of video frames. Video encoder 22 operates on
video blocks within individual video frames in order to encode the video data. The video blocks
may have fixed or varying sizes, and may differ in size according to a specified coding standard.
Each video frame includes a series of slices. Each slice may include a series of macroblocks,
which may be arranged into sub-blocks. As an example, the ITU-T H.264 standard supports
intra prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luma components,
and 8x8 for chroma components, as well as inter prediction in various block sizes, such as 16
by 16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components and corresponding
scaled sizes for chroma components. Video blocks may comprise blocks of pixel data, or blocks
of transformation coefficients, e.g., following a transformation process such as discrete cosine
transform or a conceptually similar transformation process.

Karczewicz |1, §0050:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks (MBs) and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as MBs and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Video encoder 22 and video decoder 28 perform inter-based
predictive coding, which involves the generation of predictive reference data and the
subtraction of a video block to be coded from the predictive reference data to generate residual
data, which may then be transformed, quantized and entropy coded. The inter-based predictive
coding may include interpolation of the predictive data in accordance with this disclosure.

Karczewicz |1, 10063-66:

[0063] FIG. 3 is a block diagram illustrating an example of a video decoder 60, which decodes
a video sequence that is encoded in the manner described herein. Video decoder 60 includes a
motion compensation unit 55 that performs the interpolation techniques of this disclosure for
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decoding. In particular, on the decoding side, motion compensation unit 55 may receive a
syntax element from entropy decoding unit 52 that identifies an interpolation filter from a
plurality of different pre-defined interpolation filters. Motion compensation unit 55 may
generate prediction data, which includes interpolating pixel values of reference video data
based on the interpolation filter identified by the syntax element. Specifically, motion
compensation unit 55 may generate the prediction data based on motion vectors received from
entropy decoding unit 52 and the interpolations as defined by syntax element (labeled
interpolation syntax in FIG. 3). Based on this interpolated prediction data, the video data (e.g.,
a reconstructed residual video block) can be decoded.

[0064] Entropy decoding unit 52 entropy decodes the received bitstream to generate quantized
coefficients and the syntax (e.g., interpolation syntax and motion vectors sent to motion
compensation unit 55). Inverse quantization unit 56 inverse quantizes, i.e., de-quantizes, the
quantized block coefficients. The inverse quantization process may be a conventional process
as defined by H.264 decoding. Inverse transform unit 58 applies an inverse transform, e.g., an
inverse DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Motion compensation unit 55 produces
motion compensated blocks in the manner described herein, e.g., including interpolation based
on a set of interpolation filter coefficients identified by the syntax element (i.e., the
interpolation syntax).

[0065] Summer 64 decodes residual blocks by summing the residual blocks with the
corresponding prediction blocks generated by motion compensation unit 55 to form decoded
blocks. If desired, a deblocking filter may also be applied to filter the decoded blocks in order
to remove blockiness artifacts. The decoded video blocks are then stored in reference frame
store 62, which is a storage element that provides reference blocks for subsequent motion
compensation and also produces decoded video to a drive display device (such as device 30 of
FIG. 1).
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[0066] Again, the techniques of this disclosure concern motion compensated interpolation in
which pixel values of predictive video blocks are interpolated to sub-pixel resolution. The
encoder uses the techniques of this disclosure to identify a desirable interpolation filter from a
plurality of pre-defined interpolation filters. The different filters may be characterized by
different sets of filter coefficients, different numbers of filter coefficients, or different filter
types. The decoder interprets syntax elements sent from the encoder in order to identify the
same desirable set of interpolation filter coefficients used by the encoder.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[a] determining, for a
current block, a first reference
block based on a first motion
vector and a second reference
block based on a second
motion vector, wherein the
pixels of the current block, the
first reference block, and the
second reference block have
values with a first precision;

Karczewicz 1, as evidenced by the example citations below, discloses determining, for a current block,
a first reference block based on a first motion vector and a second reference block based on a second
motion vector, wherein the pixels of the current block, the first reference block, and the second
reference block have values with a first precision.

See, e.g.,
See limitation 1[a], 19[preamble].
Karczewicz 1, 10085:

In general, entropy decoding unit 72 receives an encoded bitsteam and entropy decodes the
bitstream to generate quantized coefficients, motion information and other syntax. The motion
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information (e.g., motion vectors) and other syntax are forwarded to prediction unit 75 for use
in generating the predictive data. Prediction unit 75 performs bidirectional prediction consistent
with this disclosure, avoiding rounding adjustments in some cases, and possibly implementing
default, implicit or explicit weighted prediction according to the received syntax elements. The
syntax elements may identify the type of weighted prediction that to be used, coefficients and
offset if explicit weighted prediction to be used, and whether rounding adjustments should be
used in the decoding.

Karczewicz |, §0088-89:

[0088] FIG. 6 is a flow chart illustrating an exemplary process performed by a video decoder
consistent with this disclosure. FIG. 6 will be described from the perspective of video decoder
70 of FIG. 4. As shown in FIG. 6, video decoder receives encoded video data (111), and
receives one or more syntax elements that indicate whether a rounding adjustment was used to
encode the video data (1 12). In particular, entropy decoding unit 72 may receive an encoded
bitstream that includes the video data and the one or more syntax elements. Following entropy
decoding, entropy decoding unit 72 may output the video data as quantized transform
coefficients, which are inverse quantized by unit 76 and inverse transformed by unit 78.
Entropy decoding unit 72 may output syntax elements to prediction unit, which includes the
one or more syntax elements that indicate whether a rounding adjustment was used to encode
the video data, motion vectors and possibly other syntax.

[0089] Prediction unit 75 invokes motion compensation unit 86 for block based predictive
decoding. In doing so, motion compensation unit 86 generates weighted prediction data based
on the syntax (113). Accordingly, if the one or more syntax elements indicate that a rounding
adjustment was used, then motion compensation unit 86 generates weighted prediction data
that includes the rounding adjustment. However, if the one or more syntax elements indicate
that a rounding adjustment was not used, then motion compensation unit 86 generates weighted
prediction data that lacks the rounding adjustment. Video decoder 70 can then decode the video
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data using the weighted prediction data (114). In particular, video decoder 70 may invoke adder
79 to combine weighted prediction data (e.g., a prediction block) with residual video data (e.g.,
a residual block) in order to generate a reconstruction of the video data (e.g., a reconstructed

video block).

Karczewicz I, Fig. 4:
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Karczewicz 1, as evidenced by the example citations below, discloses determining, for a current block,
a first reference block based on a first motion vector and a second reference block based on a second
motion vector, wherein the pixels of the current block, the first reference block, and the second

reference block have values with a first precision.
See, e.g.,

See limitation 1[a].
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Karczewicz |1, 10004:

Block based inter-coding is a very useful coding technique that relies on temporal prediction
to reduce or remove temporal redundancy between video blocks of successive coded units of a
video sequence. The coded units may comprise video frames, slices of video frames, groups of
pictures, or another defined unit of video blocks. For inter-coding, the video encoder performs
motion estimation and motion compensation to track the movement of corresponding video
blocks of two or more adjacent coded units. Motion estimation generates motion vectors, which
indicate the displacement of video blocks relative to corresponding prediction video blocks in
one or more reference frames or other coded units. Motion compensation uses the motion
vectors to generate prediction video blocks from the reference frame or other coded unit. After
motion compensation, residual video blocks are formed by subtracting prediction video blocks
from the original video blocks being coded.

Karczewicz |1, §0006:

A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.
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Karczewicz |1, 10056:

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion
estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
The interpolation techniques described in this disclosure are described as being performed by
motion compensation unit 35. However, interpolation may be performed during motion
estimation in order to facilitate the selection of the best motion vectors.

Karczewicz |1, 10063:

FIG. 3 is a block diagram illustrating an example of a video decoder 60, which decodes a video
sequence that is encoded in the manner described herein. Video decoder 60 includes a motion
compensation unit 55 that performs the interpolation techniques of this disclosure for decoding.
In particular, on the decoding side, motion compensation unit 55 may receive a syntax element
from entropy decoding unit 52 that identifies an interpolation filter from a plurality of different
pre-defined interpolation filters. Motion compensation unit 55 may generate prediction data,
which includes interpolating pixel values of reference video data based on the interpolation
filter identified by the syntax element. Specifically, motion compensation unit 55 may generate
the prediction data based on motion vectors received from entropy decoding unit 52 and the
interpolations as defined by syntax element (labeled interpolation syntax in FIG. 3). Based on
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this interpolated prediction data, the video data (e.g., a reconstructed residual video block) can
be decoded.

Karczewicz 11, Fig. 3:

VIDEO DECODER
60
EP:;I:E?IIEDSD INTERPOLATION
ENTROPY SYNTAX - MOTION
BITSTREAM DECODING COMPENSATION
UNIT MOTION VECTORS UNIT
52 > 55
QUANTIZ.
COEFF.
y 64 T
INVERSE INVERSE R AT
QUANTIZ. |—»{ TRANSFORM
56 58 RESIDUAL STORE
62
FIG. 3 l
DECODED
VIDEO

Karczewicz |1, 10064:

Entropy decoding unit 52 entropy decodes the received bitstream to generate quantized
coefficients and the syntax (e.g., interpolation syntax and motion vectors sent to motion
compensation unit 55). Inverse quantization unit 56 inverse quantizes, i.e., de-quantizes, the
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quantized block coefficients. The inverse quantization process may be a conventional process
as defined by H.264 decoding. Inverse transform unit 58 applies an inverse transform, e.g., an
inverse DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Motion compensation unit 55 produces
motion compensated blocks in the manner described herein, e.g., including interpolation based
on a set of interpolation filter coefficients identified by the syntax element (i.e., the
interpolation syntax).

Karczewicz I, 10110:

FIG. 6 is a flow diagram consistent with one or more aspects of video decoding consistent with
this disclosure. FIG. 6 will be discussed from the perspective of video encoder 50 shown in
FIG. 2. In particular, video encoder 60 receives an encoded video data (111), and receives a
syntax element that identifies an interpolation filter from a plurality of interpolation filters
(112). The encoded bitstream may include both the encoded residual video data and the syntax
element that identifies the interpolation filter that was used at the encoder. Entropy decoding
unit 52 may entropy decode the received bitstream to parse out the transformed and quantized
residual blocks, which are sent to inverse transform quantization unit 56 and inverse transform
unit 58, and to parse out the interpolation syntax element and motion vectors, which are sent to
motion compensation unit 55.

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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19[b] using said first reference
block to obtain a first
prediction, said first prediction
having a second precision,
which is higher than said first
precision;

Karczewicz 1, as evidenced by the example citations below, discloses using the first reference block to
obtain a first prediction, the first prediction having a second precision, which is higher than the first
precision.

See, e.g.,
See limitation 1[b], 19[preamble].
Karczewicz 1, 10008:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block may be predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
techniques are described for selecting among default weighted prediction, implicit weighted
prediction, and explicit weighted prediction. In this context, techniques are also described for
adding offset to prediction data, e.g., using the format of explicit weighted prediction to allow
for offsets to predictive data that is otherwise defined by implicit or default weighted prediction.

Karczewicz I, §0022;

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
and a decoder may interpret the one or more syntax elements in order to determine whether
rounding should be used in the decoding process.
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Karczewicz I, §0031;

The illustrated system 10 of FIG. 1 is merely exemplary. The non-zero rounding and prediction
mode selection techniques of this disclosure may be performed by any coding device that
supports bi-directional motion compensated prediction. Source device 12 and destination
device 16 are merely examples of such coding devices in which source device 12 generates
coded video data for transmission to destination device 16. In some cases, devices 12, 16 may
operate in a substantially symmetrical manner such that, each of devices 12, 16 includes video
encoding and decoding components. Hence, system 10 may support one-way or two-way video
transmission between video devices 12, 16, e.g., for video streaming, video playback, video
broadcasting, or video telephony.

Karczewicz I, §0035:

Video encoder 22 and video decoder 28 may operate according to a video compression
standard, such as the ITU-T H.264 standard, alternatively described as MPEG-4, Part 10,
Advanced Video Coding (AVC). The techniques of this disclosure, however, are not limited to
any particular coding standard. Although not shown in FIG. 1, in some aspects, video encoder
22 and video decoder 28 may each be integrated with an audio encoder and decoder, and may
include appropriate MUX-DEMUX units, or other hardware and software, to handle encoding
of both audio and video in a common data stream or separate data streams. If applicable, MUX-
DEMUX units may conform to the ITU H.223 multiplexer protocol, or other protocols such as
the user datagram protocol (UDP).

Karczewicz I, §0089:

Prediction unit 75 invokes motion compensation unit 86 for block based predictive decoding.
In doing so, motion compensation unit 86 generates weighted prediction data based on the
syntax (113). Accordingly, if the one or more syntax elements indicate that a rounding
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adjustment was used, then motion compensation unit 86 generates weighted prediction data
that includes the rounding adjustment. However, if the one or more syntax elements indicate
that a rounding adjustment was not used, then motion compensation unit 86 generates weighted
prediction data that lacks the rounding adjustment. VVideo decoder 70 can then decode the video
data using the weighted prediction data (114). In particular, video decoder 70 may invoke adder
79 to combine weighted prediction data (e.g., a prediction block) with residual video data (e.g.,
a residual block) in order to generate a reconstruction of the video data (e.g., a reconstructed
video block).

Karczewicz I, as evidenced by the example citations below, discloses using the first reference block
to obtain a first prediction, the first prediction having a second precision, which is higher than the first

precision.
See, e.g.,
See limitation 1[b].

Karczewicz |1, §0008:

In general, this disclosure describes interpolation techniques performed by an encoder and a
decoder during the motion compensation process of video coding. According to the techniques
of this disclosure, the encoder may apply a plurality of pre-defined interpolation filters in order
to generate a plurality of different interpolated prediction data. The interpolated prediction data
that achieves the highest levels of compression may be selected, and the interpolation filter that
was used may be coded as syntax and communicated to the decoding device as part of the coded
video data. The interpolation filter may be defined once per predictive unit (e.g., once per
prediction frame), or may be defined on a block basis (e.g., different filtering may be applied
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to different video blocks within a predictive unit). Alternatively, the interpolation filter may be
defined on a sample basis, or may be defined on a sub-sample basis.

Karczewicz |1, §0009:

The decoder receives the coded video data, and can interpret the syntax in order to
identify the interpolation filter that was used by the encoder. In this way, the decoder
can identify and use the same interpolation filters during its motion compensation
processes that were used during the encoding process. By considering multiple different
interpolation filters at the encoder, compression may be improved relative to techniques
that have a fixed interpolation filter. At the same time, the techniques may be
significantly less complex than conventional adaptive interpolation filtering, which
adaptively defines the interpolation filter coefficients as part of the coding process. The
different interpolation filters, according to some aspects of this disclosure, may be pre-
defined by implementing adaptive interpolation filtering or other techniques on test
video sequences in order to pre-define sets of interpolation filter coefficients that will
likely result in good compression. Alternatively, different numbers of filter coefficients
(different number of taps) or different types of filters altogether may be pre-defined,
and then selected and used during the encoding and decoding processes.

Karczewicz I, 10013:

In another example, this disclosure provides a method of decoding video data. The decoding
method comprises receiving a syntax element that identifies an interpolation filter from a
plurality of different pre-defined interpolation filters, generating prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decoding the video data based
on the prediction data.
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Karczewicz |1, 10016:

In another example, this disclosure provides an apparatus that decodes video data, the apparatus
comprising a video decoder that includes a motion compensation unit. The video decoder
receives a syntax element that identifies an interpolation filter from a plurality of different pre-
defined interpolation filters. The motion compensation unit generates prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element. The video decoder then decodes the
video data based on the prediction data.

Karczewicz |1, 10041:

In the example of FIG. 1, source device 12 may include a video source 20, video encoder 22, a
modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may include a
receiver 26 a modem 27, a video decoder 28, and a display device 30. In accordance with this
disclosure, video encoder 22 of source device 12 may be configured to apply one or more of
the interpolation techniques of this disclosure as part of a video encoding process. Similarly,
video decoder 28 of destination device 16 may be configured to apply one or more of the
interpolation techniques of this disclosure as part of a video decoding process.

Karczewicz |1, 10042:

The illustrated system 10 of FIG. 1 is merely exemplary. The interpolation techniques of this
disclosure may be performed by any encoding device that supports motion compensated
interpolation to sub-pixel resolution. Source device 12 and destination device 16 are merely
examples of such coding devices. In this case, source device 12 generates coded video data for
transmission to destination device 16. Devices 12, 16 may operate in a substantially
symmetrical manner such that each of devices 12, 16 include video encoding and decoding
components, e.g., in a combined encoder-decoder (CODEC). Hence, system 10 may support
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one-way or two-way video transmission between video devices 12, 16, e.g., for video
streaming, video playback, video broadcasting, or video telephony.

Karczewicz |1, 10046:

Video encoder 22 and video decoder 28 may operate according to a video compression
standard, such as the ITU-T H.264 standard, alternatively described as MPEG-4, Part 10,
Advanced Video Coding (AVC). The techniques of this disclosure, however, are not limited to
any particular coding standard. Although not shown in FIG. 1, in some aspects, video encoder
22 and video decoder 28 may each be integrated with an audio encoder and decoder, and may
include appropriate MUX-DEMUX units, or other hardware and software, to handle encoding
of both audio and video in a common data stream or separate data streams. If applicable, MUX-
DEMUX units may conform to the ITU H.223 multiplexer protocol, or other protocols such as
the user datagram protocol (UDP).

Karczewicz |1, 10063:

Video encoder 22 and video decoder 28 may operate according to a video compression standard, such
as the ITU-T H.264 standard, alternatively described as MPEG-4, Part 10, Advanced Video Coding
(AVC). The techniques of this disclosure, however, are not limited to any particular coding standard.
Although not shown in FIG. 1, in some aspects, video encoder 22 and video decoder 28 may each be
integrated with an audio encoder and decoder, and may include appropriate MUX-DEMUX units, or
other hardware and software, to handle encoding of both audio and video in a common data stream or
separate data streams. If applicable, MUX-DEMUX units may conform to the ITU H.223 multiplexer
protocol, or other protocols such as the user datagram protocol (UDP).

See also the disclosures of limitation 1[b], reproduced supra.

245 Nokia Exhibit 2006, p. 245

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[c] using said second | The combination of Karczewicz | and Karczewicz Il discloses using the second reference block to
reference block to obtain a | obtain a second prediction, the second prediction having the second precision.

second prediction, said second
prediction having the second | See, e.g.,

precision; o
See limitation 1[c], 19[preamble], 19[b].

See also the disclosures of limitation 1[b], reproduced supra.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[d] obtaining a combined | The combination of Karczewicz | and Karczewicz 11 discloses obtaining a combined prediction based
prediction based at least partly | at least partly upon the first prediction and the second prediction.
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upon said first prediction and | See, e.g.,
said second prediction;
See limitation 1[d].

Supra limitations 19[preamble], 19[b]-19][c].

See also the disclosures and analysis of Karczewicz | and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[e] decreasing a precision of | The combination of Karczewicz | and Karczewicz Il discloses decreasing a precision of the combined
said combined prediction by | prediction by shifting bits of the combined prediction to the right.

shifting bits of the combined
prediction to the right; and See, e.g.,

See limitation 1[e].
Supra limitations 19[preamble], 19[b]-19[d].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

19[f] reconstructing the block
of pixels based on the
combined prediction.

Karczewicz |, as evidenced by the example citations below, discloses reconstructing the block of pixels
based on the combined prediction.

See, e.g., Supra limitations 19[preamble], 19[b]-19[e].
Karczewicz 1, 10086:

The quantized coefficients are sent from entropy decoding unit 72 to inverse quantization unit
76, which performs inverse quantization. Inverse transform unit 78 then inverse transforms the
de-quantized coefficients back to the pixel domain to generate a residual block. Adder 79
combines the prediction data (e.g., a prediction block) generated by prediction unit 75 with the
residual block from inverse transform unit 78 to create a reconstructed video block, which may
be stored in memory 74 and/or output from video decoder 70 as decoded video output.

Karczewicz I, 10089:

Prediction unit 75 invokes motion compensation unit 86 for block based predictive decoding.
In doing so, motion compensation unit 86 generates weighted prediction data based on the
syntax (113). Accordingly, if the one or more syntax elements indicate that a rounding
adjustment was used, then motion compensation unit 86 generates weighted prediction data
that includes the rounding adjustment. However, if the one or more syntax elements indicate
that a rounding adjustment was not used, then motion compensation unit 86 generates weighted
prediction data that lacks the rounding adjustment. VVideo decoder 70 can then decode the video
data using the weighted prediction data (114). In particular, video decoder 70 may invoke adder
79 to combine weighted prediction data (e.g., a prediction block) with residual video data (e.g.,
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a residual block) in order to generate a reconstruction of the video data (e.g., a reconstructed

video block).

Karczewicz I, Fig. 4:
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RECEIVE ENCODED VIDEO DATA —111

!

RECEIVE ONE OR MORE SYNTAX ELEMENTS THAT 112
INDICATE WHETHER A ROUNDING ADJUSTMENT |~
WAS USED TO ENCODE THE VIDEO DATA

!

GENERATE WEIGHTED PREDICTION DATA 113

!

DECODE THE VIDEO DATA —114

FIG. 6
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Karczewicz |1, as evidenced by the example citations below, discloses reconstructing the block of
pixels based on the combined prediction.

See, e.0.,
Karczewicz I, §0111:

Motion compensation unit 55 generates prediction data (113), which includes interpolations
based on the interpolation filter identified by the syntax element. Video decoder 60 decodes
the video data based on the prediction data (114). In particular, the prediction data generated
by motion compensation unit 55 may be combined with residual data via adder 64 to reconstruct
the video data in the pixel domain. Decoded video may then be stored in reference frame store
62 for subsequent use in prediction, and may also be output for presentation to the user, e.g.,
via a display or other output device.

Karczewicz 11, Fig. 6:
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Karczewicz 11, §0065:
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Summer 64 decodes residual blocks by summing the residual blocks with the corresponding
prediction blocks generated by motion compensation unit 55 to form decoded blocks. If desired,
a deblocking filter may also be applied to filter the decoded blocks in order to remove
blockiness artifacts. The decoded video blocks are then stored in reference frame store 62,
which is a storage element that provides reference blocks for subsequent motion compensation
and also produces decoded video to a drive display device (such as device 30 of FIG. 1).

Karczewicz 11, Fig. 3:
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Karczewicz 11, §0006:
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A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

20. The method according to | The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the first
claim 19, wherein in an | motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel values
instance in which said first | of the first reference block.

motion vector points to a
subpixel, said first prediction | See, e.g.,

is obtained by interpolation ) )
See claim 2; ; claim 19.
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using pixel values of said first
reference block.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

21. The method according to
claim 20, wherein said first
prediction is obtained by
interpolation using values of
said first reference block by:
right shifting a sum of a P-tap
filter using values of said first
reference block.

The combination of Karczewicz | and Karczewicz Il discloses that the first prediction is obtained by
interpolation using values of the first reference block by right shifting a sum of a P-tap filter using
values of the first reference block.

See, e.g.,
See claim 3.
Supra claim 20.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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22. The method according to
claim 20, wherein in an
instance in which said second
motion vector points to an
integer sample, said second
prediction is obtained by
shifting values of said second
reference block to the left.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the second
motion vector points to an integer sample, the second prediction is obtained by shifting values of the
second reference block to the left.

See, e.g.,
See claim ; claim 20..
Supra limitation 19[c].

Furthermore, left-shifting to multiply a value by a coefficient and increase the precision of intermediate
values in calculations was well known in the art. See, e.g., U.S. Patent App. Pub. 2008/0198935
(“Srinivasan”) at 491, 4116, 9124, 9129, 9131; U.S. Patent App. Pub. No. 2013/0034158 (“Kirchhofter-
158”) at 467, 4984-85, 1103. This confirms that it would have been obvious to shift values of the second
reference block to the left.

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

23. The method according to
claim 19, wherein said
decreasing said precision of
said combined prediction by
shifting bits of the combined

The combination of Karczewicz | and Karczewicz 11 discloses that the decreasing the precision of the
combined prediction by shifting bits of the combined prediction to the right, further comprises inserting
a rounding offset to the combined prediction before the decreasing.
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prediction to the right, further | See, e.g.,
comprises: inserting a
rounding offset to the | Seeclaim 5.
combined prediction before .
said decreasing. Supra claim 19.

Supra limitation 19[d].
Infra limitation 25[preamble].
Infra limitation 31[preamble].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

24. The method according to | The combination of Karczewicz | and Karczewicz Il discloses that the first precision indicates a
claim 19, wherein the first | number of bits needed to represent the values of the pixels, and the second precision indicates the
precision indicates a number | number of bits needed to represent values of the first prediction and values of the second prediction.

of bits needed to represent the
values of the pixels, and the | See, e.g.,
second precision indicates the _
number of bits needed to | Seeclaim6.
represent values of said first
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prediction and values of said | See limitation 19[a].

second prediction.
Supra claim 19.

Supra limitations 19[c]-19[e].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[preamble] An apparatus for | Karczewicz |, as evidenced by the example citations below, discloses an apparatus for decoding a block
decoding a block of pixels, the | of pixels.

apparatus comprising:
See, e.g., See limitation 19[preamble].

Karczewicz I, §0003:

Digital multimedia capabilities can be incorporated into a wide range of devices, including
digital televisions, digital direct broadcast systems, wireless communication devices, wireless
broadcast systems, personal digital assistants (PDAS), laptop or desktop computers, digital
cameras, digital recording devices, video gaming devices, video game consoles, cellular or
satellite radio telephones, digital media players, and the like. Digital multimedia devices may
implement video coding techniques, such as MPEG-2, ITU-H.263, MPEG-4, or ITU-
H.264/MPEG-4 Part 10, Advanced Video Coding (AVC), to transmit and receive or store and
retrieve digital video data more efficiently. Video encoding techniques may perform video
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compression via spatial and temporal prediction to reduce or remove redundancy inherent in
video sequences.

Karczewicz I, §0012;

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz I, §10029-30:

[0029] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may implement techniques of this disclosure. As shown in FIG. 1, system 10
includes a source device 12 that transmits encoded video to a destination device 16 via a
communication channel 15. Source device 12 and destination device 16 may comprise any of
a wide range of devices. In some cases, source device 12 and destination device 16 comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any devices that can communicate video information over a communication
channel 15, which may or may not be wireless. The techniques of this disclosure, however,
which concern non-zero rounding and prediction mode selection technigues, are not necessarily
limited to wireless applications or settings.

[0030] In the example of FIG. 1, source device 12 may include a video source 20, video encoder
22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may
include a receiver 26, a modem 27, a video decoder 28, and a display device 30. In accordance
with this disclosure, video encoder 22 of source device 12 may be configured to apply non-
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zero rounding and prediction mode selection techniques as part of a video encoding process.
Video decoder 28 may receive one or more syntax elements indicating the selection and
indicating whether non-zero rounding was used. Accordingly, video decoder 28 may perform
the proper weighted prediction signaled in the received bistream.

Karczewicz I, §0033:

Receiver 26 of destination device 16 receives information over channel 15, and modem 27
demodulates the information. Again, the video encoding process may implement one or more
of the techniques described herein to provide non-zero rounding and prediction mode selection
consistent with this disclosure. The information communicated over channel 15 may include
information defined by video encoder 22, which may be used by video decoder 28 consistent
with this disclosure. Display device 30 displays the decoded video data to a user, and may
comprise any of a variety of display devices such as a cathode ray tube, a liquid crystal display
(LCD), a plasma display, an organic light emitting diode (OLED) display, or another type of
display device.

Karczewicz I, Fig. 1:
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Karczewicz |, 110038-40:

[0038] Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
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combined encoder/decoder (CODEC) in a respective mobile device, subscriber device,
broadcast device, server, or the like.

[0039] A video sequence typically includes a series of video frames. Video encoder 22 and
video decoder 28 may operate on video blocks within individual video frames in order to
encode and decode the video data. The video blocks may have fixed or varying sizes, and may
differ in size according to a specified coding standard. Each video frame may include a series
of slices or other independently decodable units. Each slice may include a series of
macroblocks, which may be arranged into sub-blocks. As an example, the ITU-T H.264
standard supports intra prediction in various block sizes, such as 16 by 16, 8 by 8, or 4 by 4 for
luma components, and 8x8 for chroma components, as well as inter prediction in various block
sizes, such as 16 by 16, 16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma components
and corresponding scaled sizes for chroma components. Video blocks may comprise blocks of
pixel data, or blocks of transformation coefficients, e.g., following a transformation process
such as discrete cosine transform or a conceptually similar transformation process.

[0040] Smaller video blocks can provide better resolution, and may be used for locations of a
video frame that include high levels of detail. In general, macroblocks and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as macroblocks and/or sub-blocks. Each slice may be an
independently decodable unit of a video frame. Alternatively, frames themselves may be
decodable units, or other portions of a frame may be defined as decodable units. The term
“coded unit” refers to any independently decodable unit of a video frame such as an entire
frame, a slice of a frame, a group of pictures (GOPs), or another independently decodable unit
defined according to the coding techniques used.

Karczewicz |, 110083-86:
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[0083] FIG. 4 is a block diagram illustrating an exemplary video decoder 70, which may
perform the reciprocal decoding techniques to the encoding techniques described above. Video
decoder 70 may include an entropy decoding unit 72, a prediction unit 75, an inverse
quantization unit 76, an inverse transform unit 78, a memory 74 and adder 79. Prediction unit
75 may include a motion compensation (MC) unit 88, as well as spatial prediction components,
which are not shown for simplicity and ease of illustration.

[0084] Video decoder 70 may receive encoded video data, and one or more syntax elements
that indicate whether a rounding adjustment was used to encode the encoded video data. MC
unit 86 of prediction unit 75 may generate weighted prediction data that depends on two or
more lists of data, as described herein. In accordance with this disclosure, the weighted
prediction data does not include the rounding adjustment if the one or more syntax elements
indicate that the rounding adjustment was not used to encode the encoded video data. Video
decoder 70 can decode the video data using the weighted prediction data, e.g., by invoking
adder 79 to add the weighted prediction data (e.g., a prediction block) to residual data (e.g., a
residual block).

[0085] In general, entropy decoding unit 72 receives an encoded bitsteam and entropy decodes
the bitstream to generate quantized coefficients, motion information and other syntax. The
motion information (e.g., motion vectors) and other syntax are forwarded to prediction unit 75
for use in generating the predictive data. Prediction unit 75 performs bidirectional prediction
consistent with this disclosure, avoiding rounding adjustments in some cases, and possibly
implementing default, implicit or explicit weighted prediction according to the received syntax
elements. The syntax elements may identify the type of weighted prediction that to be used,
coefficients and offset if explicit weighted prediction to be used, and whether rounding
adjustments should be used in the decoding.

[0086] The quantized coefficients are sent from entropy decoding unit 72 to inverse
quantization unit 76, which performs inverse quantization. Inverse transform unit 78 then
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inverse transforms the de-quantized coefficients back to the pixel domain to generate a residual
block. Adder 79 combines the prediction data (e.g., a prediction block) generated by prediction
unit 75 with the residual block from inverse transform unit 78 to create a reconstructed video
block, which may be stored in memory 74 and/or output from video decoder 70 as decoded

video output.

Karczewicz I, Fig. 4:
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Karczewicz I, §0098:

The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units. The techniques
described herein may also be implemented in hardware, software, firmware, or any
combination thereof. Any features described as modules, units or components may be
implemented together in an integrated logic device or separately as discrete but interoperable
logic devices. In some cases, various features may be implemented as an integrated circuit
device, such as an integrated circuit chip or chipset.

Karczewicz I, §0099:

If implemented in software, the techniques may be realized at least in part by a computer-
readable medium comprising instructions that, when executed in a processor, performs one or
more of the methods described above. The computer-readable medium may comprise a
computer-readable storage medium and may form part of a computer program product, which
may include packaging materials. The computer-readable storage medium may comprise
random access memory (RAM) such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EEPROM), FLASH memory, magnetic
or optical data storage media, and the like. The techniques additionally, or alternatively, may
be realized at least in part by a computer-readable communication medium that carries or
communicates code in the form of instructions or data structures and that can be accessed, read,
and/or executed by a computer.

Karczewicz I, §0100;:
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The code or instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein may
refer to any of the foregoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the functionality described herein
may be provided within dedicated software modules or hardware modules configured for
encoding and decoding, or incorporated in a combined video codec. Also, the techniques could
be fully implemented in one or more circuits or logic elements.

Karczewicz 11, as evidenced by the example citations below, discloses an apparatus for decoding a
block of pixels.

See, e.g.,
See limitation 19[preamble].
Karczewicz 11, 10003:

Digital video capabilities can be incorporated into a wide range of devices, including digital
televisions, digital direct broadcast systems, wireless broadcast systems, personal digital assistants
(PDAS), laptop or desktop computers, digital cameras, digital recording devices, video gaming devices,
video game consoles, cellular or satellite radio telephones, and the like. Digital video devices
implement video compression techniques, such as MPEG-2, MPEG-4, or ITU-T H.264/MPEG-4, Part
10, Advanced Video Coding (AVC), to transmit and receive digital video information more efficiently.
Video compression techniques may perform spatial prediction and/or temporal prediction to reduce or
remove redundancy inherent in video sequences.

Karczewicz 1, §0015:
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In another example, this disclosure provides an apparatus that encodes video data, the apparatus
comprising a video encoder that includes a motion compensation unit that generates prediction
data. The motion compensation unit interpolates pixel values of reference video data based on
a plurality of different pre-defined interpolation filters, and the video encoder encodes the video
data based on the prediction data.

Karczewicz |1, 10016:

In another example, this disclosure provides an apparatus that decodes video data, the apparatus
comprising a video decoder that includes a motion compensation unit. The video decoder
receives a syntax element that identifies an interpolation filter from a plurality of different pre-
defined interpolation filters. The motion compensation unit generates prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element. The video decoder then decodes the
video data based on the prediction data.

Karczewicz 11, §0017:

In another example, this disclosure provides an apparatus that interpolates predictive video data
for video coding, wherein the apparatus includes a motion compensation unit that generates
half-pixel values based on integer pixel values, rounds the half-pixel values to generate half-
pixel interpolated values, stores the half-pixel values as non-rounded versions of the half-pixel
values, and generates quarter-pixel values based on the non-rounded versions of the half-pixel
values and the integer pixel values.

Karczewicz 1, §0022:

In another example, this disclosure provides a device that decodes video data, the device
comprising a wireless receiver that receives the video data, and a video decoder including a
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motion compensation unit that receives a syntax element that identifies an interpolation filter
from a plurality of different pre-defined interpolation filters, generates prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decodes the video data based
on the prediction data.

Karczewicz 11, 110023-24:

[0023] In another example, this disclosure provides a device that encodes video data, the device
comprising a video encoder including a motion compensation unit that generates half-pixel
values based on integer pixel values, rounds the half-pixel values to generate half-pixel
interpolated values, stores the half-pixel values as non-rounded versions of the half-pixel
values, and generates quarter-pixel values based on the non-rounded versions of the half-pixel
values and the integer pixel values, and a wireless transmitter that transmits the video data
encoded by the motion compensation unit to another device.

[0024] In another example, this disclosure provides a device that decodes video data, the device
comprising a wireless receiver that receives the video data, and a video decoder including a
motion compensation unit that decodes the video data. In decoding the video data, the motion
compensation unit generates half-pixel values based on integer pixel values, rounds the half-
pixel values to generate half-pixel interpolated values, stores the half-pixel values as non-
rounded versions of the half-pixel values, and generates quarter-pixel values based on the non-
rounded versions of the half-pixel values and the integer pixel values.

Karczewicz 1, §0025:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
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circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz 11, 110026-27:

[0026] Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to encode video data, wherein the
instructions cause the device to generate prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encode the video data based on the prediction data.

[0027] This disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to decode video data, wherein the instructions
cause the device to, upon receiving a syntax element that identifies an interpolation filter from
a plurality of different pre-defined interpolation filters, generate prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decode the video data based on
the prediction data.

Karczewicz Il, 110040-41:

[0041] FIG. 1 is a block diagram illustrating one exemplary video encoding and decoding
system 10 that may implement techniques of this disclosure. As shown in FIG. 1, system 10
includes a source device 12 that transmits encoded video to a destination device 16 via a
communication channel 15. Source device 12 and destination device 16 may comprise any of
a wide range of devices. In some cases, source device 12 and destination device 16 comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite
radiotelephones, or any wireless devices that can communicate video information over a
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communication channel 15, in which case communication channel 15 is wireless. The
techniques of this disclosure, however, which concern motion compensated interpolation, are
not necessarily limited to wireless applications or settings.

[0041] In the example of FIG. 1, source device 12 may include a video source 20, video encoder
22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device 16 may
include a receiver 26 a modem 27, a video decoder 28, and a display device 30. In accordance
with this disclosure, video encoder 22 of source device 12 may be configured to apply one or
more of the interpolation techniques of this disclosure as part of a video encoding process.
Similarly, video decoder 28 of destination device 16 may be configured to apply one or more
of the interpolation techniques of this disclosure as part of a video decoding process.

Karczewicz |1, 10044:

Receiver 26 of destination device 16 receives information over channel 15, and modem 27
demodulates the information. Again, the video encoding process may implement one or more
of the techniques described herein to improve the interpolation during motion compensation.
The video decoding process performed by video decoder 28 may also perform interpolation
during its motion compensation stage of the decoding process. Display device 30 displays the
decoded video data to a user, and may comprise any of a variety of display devices such as a
cathode ray tube, a liquid crystal display (LCD), a plasma display, an organic light emitting
diode (OLED) display, or another type of display device.

Karczewicz 11, Fig.1:
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Karczewicz 11, §0048:
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Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined CODEC in a respective mobile device, subscriber device, broadcast device, server,
or the like.

Karczewicz 11, Fig. 3:
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Karczewicz |1, §0050:

Smaller video blocks can provide better resolution, and may be used for locations of a video
frame that include high levels of detail. In general, macroblocks (MBs) and the various sub-
blocks may be considered to be video blocks. In addition, a slice may be considered to be a
series of video blocks, such as MBs and/or sub-blocks. Each slice may be an independently
decodable unit of a video frame. Video encoder 22 and video decoder 28 perform inter-based
predictive coding, which involves the generation of predictive reference data and the
subtraction of a video block to be coded from the predictive reference data to generate residual
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data, which may then be transformed, quantized and entropy coded. The inter-based predictive
coding may include interpolation of the predictive data in accordance with this disclosure.

Karczewicz I, 110063-66:

[0063] FIG. 3 is a block diagram illustrating an example of a video decoder 60, which decodes
a video sequence that is encoded in the manner described herein. Video decoder 60 includes a
motion compensation unit 55 that performs the interpolation techniques of this disclosure for
decoding. In particular, on the decoding side, motion compensation unit 55 may receive a
syntax element from entropy decoding unit 52 that identifies an interpolation filter from a
plurality of different pre-defined interpolation filters. Motion compensation unit 55 may
generate prediction data, which includes interpolating pixel values of reference video data
based on the interpolation filter identified by the syntax element. Specifically, motion
compensation unit 55 may generate the prediction data based on motion vectors received from
entropy decoding unit 52 and the interpolations as defined by syntax element (labeled
interpolation syntax in FIG. 3). Based on this interpolated prediction data, the video data (e.g.,
a reconstructed residual video block) can be decoded.

[0064] Entropy decoding unit 52 entropy decodes the received bitstream to generate quantized
coefficients and the syntax (e.g., interpolation syntax and motion vectors sent to motion
compensation unit 55). Inverse quantization unit 56 inverse quantizes, i.e., de-quantizes, the
quantized block coefficients. The inverse quantization process may be a conventional process
as defined by H.264 decoding. Inverse transform unit 58 applies an inverse transform, e.g., an
inverse DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Motion compensation unit 55 produces
motion compensated blocks in the manner described herein, e.g., including interpolation based
on a set of interpolation filter coefficients identified by the syntax element (i.e., the
interpolation syntax).
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[0065] Summer 64 decodes residual blocks by summing the residual blocks with the
corresponding prediction blocks generated by motion compensation unit 55 to form decoded
blocks. If desired, a deblocking filter may also be applied to filter the decoded blocks in order
to remove blockiness artifacts. The decoded video blocks are then stored in reference frame
store 62, which is a storage element that provides reference blocks for subsequent motion
compensation and also produces decoded video to a drive display device (such as device 30 of
FIG. 1).

[0066] Again, the techniques of this disclosure concern motion compensated interpolation in
which pixel values of predictive video blocks are interpolated to sub-pixel resolution. The
encoder uses the techniques of this disclosure to identify a desirable interpolation filter from a
plurality of pre-defined interpolation filters. The different filters may be characterized by
different sets of filter coefficients, different numbers of filter coefficients, or different filter
types. The decoder interprets syntax elements sent from the encoder in order to identify the
same desirable set of interpolation filter coefficients used by the encoder.

Karczewicz I, 110118-120:

[0118] The techniques of this disclosure may be embodied in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units, etc.

[0119] Accordingly, the techniques described herein may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in hardware, any features
described as modules, units or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. If implemented in software, the
techniques may be realized at least in part by a computer-readable medium comprising
instructions that, when executed in a processor, performs one or more of the methods described
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above. The computer-readable medium may comprise a computer-readable storage medium
and may form part of a computer program product, which may include packaging materials.
The computer-readable storage medium may comprise random access memory (RAM) such as
synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-
volatile random access memory (NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the like.
The techniques additionally, or alternatively, may be realized at least in part by a computer-
readable communication medium that carries or communicates code in the form of instructions
or data structures and that can be accessed, read, and/or executed by a computer.

[0120] The code may be executed by one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, an application specific integrated circuits
(ASICs), field programmable logic arrays (FPGAS), or other equivalent integrated or discrete
logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of the
foregoing structure or any other structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the functionality described herein may be
provided within dedicated software modules or hardware modules configured for encoding and
decoding, or incorporated in a combined video encoder-decoder (CODEC). Also, the
techniques could be fully implemented in one or more circuits or logic elements.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz | and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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25[a] at least one processor
and at least one memory
including computer program
code, the at least one memory
and computer program code
configured to, with the at least
one processor, cause the
apparatus to:

Karczewicz 1, as evidenced by the example citations below, discloses that at least one processor and at
least one memory including computer program code, the at least one memory and computer program
code.

See, e.g.,
See limitation 7[a].
Karczewicz 1, 10005:

For inter-coding, a video encoder performs motion estimation to track the movement of
matching video blocks between two or more adjacent frames or other coded units, such as slices
of frames. Inter-coded frames may include predictive frames (“P-frames”), which may include
blocks predicted from a previous frame, and bidirectional predictive frames (“B-frames”),
which may include blocks predicted from a previous frame and a subsequent frame of a video
sequence. The terms P-frames and B-frames are somewhat historic in the sense that early
coding techniques limited prediction in specific directions. Newer coding formats and
standards may not limit the prediction direction of P-frames or B-frames. Thus, the term “bi-
directional” now refers to prediction based on two or more lists of reference data regardless of
the temporal relationship of such reference data relative to the data being coded.

Karczewicz I, 10006:

Consistent with newer video standards such as ITU H.264, for example, bi-directional
prediction may be based on two different lists which do not necessarily need to have data that
resides temporally before and after the current video block. In other words, B-video blocks may
be predicted from two lists of data, which may correspond to data from two previous frames,
two subsequent frames, or one previous frame and one subsequent frame. In contrast, P-video
blocks are predicted based on one list, i.e., one data structure, which may correspond to one
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predictive frame, e.g., one previous frame or one subsequent frame. B-frames and P-frames
may be more generally referred to as P-units and B-units. P-units and B-units may also be
realized in smaller coded units, such as slices of frames or portions of frames. B-units may
include B-video blocks, P-video blocks or I-video blocks. P-units may include P-video blocks
or I-video blocks. I-units may include only I-video blocks.

Karczewicz I, §0022:

This disclosure describes video encoding and decoding techniques applicable to bi-directional
prediction. In bi-directional prediction, a video block is predictively encoded and decoded
based on two different lists of predictive reference data. In one aspect of this disclosure,
rounding adjustments to bi-directional predictive data may be purposely eliminated to provide
predictive data that lacks any rounding bias. In this case, rounded and unrounded predictive
data may both be considered in a rate-distortion analysis to identify the best data for prediction
of a given video block. One or more syntax elements may be encoded to indicate the selection,
and a decoder may interpret the one or more syntax elements in order to determine whether
rounding should be used in the decoding process.

Karczewicz |, 10042:

The techniques of this disclosure are specifically applicable to weighted bi-directional
prediction. As mentioned above, bi-directional prediction is prediction of so-called “B-video
blocks” based on two different lists of data. B-video blocks may be predicted from two lists of
data from two previous frames, two lists of data from subsequent frames, or one list of data
from a previous frame and one from a subsequent frame. In contrast, P-video blocks are
predicted based on one list, which may correspond to one predictive frame, e.g., one previous
frame or one subsequent frame. B-frames and P-frames may be more generally referred to as
P-units and B-units. P-units and B-units may also be realized in smaller coded units, such as
slices of frames or portions of frames. B-units may include B-video blocks, P-video blocks or
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I-video blocks. P-units may include P-video blocks or I-video blocks. I-units may include only
I-video blocks.

Karczewicz I, §0007:

For P- and B-video blocks, motion estimation generates motion vectors, which indicate the
displacement of the video blocks relative to corresponding prediction video blocks in predictive
reference frame(s) or other coded units. Motion compensation uses the motion vectors to
generate prediction video blocks from the predictive reference frame(s) or other coded units.
After motion compensation, a residual video block is formed by subtracting the prediction
video block from the original video block to be coded. The video encoder usually applies
transform, quantization and entropy coding processes to further reduce the bit rate associated
with communication of the residual block. I-and P-units are commonly used to define reference
blocks for the inter-coding of P- and B-units.

Karczewicz I, §0012:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz I, §0038:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGASs), discrete logic, software, hardware,

219 Nokia Exhibit 2006, p. 279

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
included in one or more encoders or decoders, either of which may be integrated as part of a
combined encoder/decoder (CODEC) in a respective mobile device, subscriber device,
broadcast device, server, or the like.

Karczewicz I, 10085:

In general, entropy decoding unit 72 receives an encoded bitsteam and entropy decodes the
bitstream to generate quantized coefficients, motion information and other syntax. The motion
information (e.g., motion vectors) and other syntax are forwarded to prediction unit 75 for use
in generating the predictive data. Prediction unit 75 performs bidirectional prediction consistent
with this disclosure, avoiding rounding adjustments in some cases, and possibly implementing
default, implicit or explicit weighted prediction according to the received syntax elements. The
syntax elements may identify the type of weighted prediction that to be used, coefficients and
offset if explicit weighted prediction to be used, and whether rounding adjustments should be
used in the decoding.

Karczewicz I, 10088:

FIG. 6is aflow chart illustrating an exemplary process performed by a video decoder consistent
with this disclosure. FIG. 6 will be described from the perspective of video decoder 70 of FIG.
4. As shown in FIG. 6, video decoder receives encoded video data (111), and receives one or
more syntax elements that indicate whether a rounding adjustment was used to encode the video
data (1 12). In particular, entropy decoding unit 72 may receive an encoded bitstream that
includes the video data and the one or more syntax elements. Following entropy decoding,
entropy decoding unit 72 may output the video data as quantized transform coefficients, which
are inverse quantized by unit 76 and inverse transformed by unit 78. Entropy decoding unit 72
may output syntax elements to prediction unit, which includes the one or more syntax elements
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that indicate whether a rounding adjustment was used to encode the video data, motion vectors
and possibly other syntax.

Karczewicz I, Fig. 4:

Maotion Information
“and other Syntax Elements VIDEC DECODER
10
ENCODED Y
VIDEQ ENTROPY PREDICTION
BITSTREAM DECODING T )
UNIT 75 e -
i2
QUANTIZ.
COEFF.
y
INV INVERSE
QUAN  |—m| TRANSFORM MEMORY
1& m RESIDUAL E
BLOCK BLOCK
FIG. 4 Y
DECODED
VIDEO

Karczewicz I, §0053;

During the encoding process, video encoder 50 receives a video block to be coded, and motion
estimation unit 32 and motion compensation unit 35 perform inter-predictive coding. Motion

281 Nokia Exhibit 2006, p. 281

Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS

PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

estimation unit 32 and motion compensation unit 35 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion estimation is typically considered the
process of generating motion vectors, which estimate motion for video blocks. A motion vector,
for example, may indicate the displacement of a predictive block within a predictive frame (or
other coded unit) relative to the current block being coded within the current frame (or other
coded unit). Motion compensation is typically considered the process of fetching or generating
the predictive block based on the motion vector determined by motion estimation. Again,
motion estimation unit 32 and motion compensation unit 35 may be functionally integrated.
For demonstrative purposes, the techniques described in this disclosure are described as being
performed by motion compensation unit 35.

Karczewicz I, 10054

Motion estimation unit 32 selects the appropriate motion vector for the video block to be coded
by comparing the video block to video blocks of one or more predictive coded units (e.g., a
previous and/or future frame in terms of time or temporally). Motion estimation unit 32 may,
as an example, select a motion vector for a B-frame in a number of ways. In one way, motion
estimation unit 32 may select a previous or future frame from a first set of frames (referred to
as list 0) and determine a motion vector using only this previous or future frame from list 0.
Alternatively, motion estimation unit 32 may select a previous or future frame from a second
set of frames (referred to as list 1) and determine a motion vector using only this previous or
future frame from list 1. In yet another way, motion estimation unit 32 may select a first frame
from list 0 and a second frame from list 1 and select one or more motion vectors from the first
frame of list 0 and the second frame of list 1. This third form of prediction may be referred to
as bi-predictive motion estimation. Techniques of this disclosure may be implemented so as to
efficiently select a motion-compensated bi-prediction mode. The selected motion vector for
any given list may point to a predictive video block that is most similar to the video block being
coded, e.g., as defined by a metric such as sum of absolute difference (SAD) or sum of squared
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difference (SSD) of pixel values of the predictive block relative to pixel values of the block
being coded.

Karczewicz I, §0098:

The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a chip
set). Any components, modules or units have been described provided to emphasize functional
aspects and does not necessarily require realization by different hardware units. The techniques
described herein may also be implemented in hardware, software, firmware, or any
combination thereof. Any features described as modules, units or components may be
implemented together in an integrated logic device or separately as discrete but interoperable
logic devices. In some cases, various features may be implemented as an integrated circuit
device, such as an integrated circuit chip or chipset.

Karczewicz I, §0099:

If implemented in software, the techniques may be realized at least in part by a computer-
readable medium comprising instructions that, when executed in a processor, performs one or
more of the methods described above. The computer-readable medium may comprise a
computer-readable storage medium and may form part of a computer program product, which
may include packaging materials. The computer-readable storage medium may comprise
random access memory (RAM) such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EEPROM), FLASH memory, magnetic
or optical data storage media, and the like. The techniques additionally, or alternatively, may
be realized at least in part by a computer-readable communication medium that carries or
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communicates code in the form of instructions or data structures and that can be accessed, read,
and/or executed by a computer.

Karczewicz I, §0100:

The code or instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other equivalent
integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein may
refer to any of the foregoing structure or any other structure suitable for implementation of the
techniques described herein. In addition, in some aspects, the functionality described herein
may be provided within dedicated software modules or hardware modules configured for
encoding and decoding, or incorporated in a combined video codec. Also, the techniques could
be fully implemented in one or more circuits or logic elements.

Karczewicz 11, as evidenced by the example citations below, discloses that at least one processor and
at least one memory including computer program code, the at least one memory and computer program
code.

See, e.g.,
Karczewicz |1, 10006:

A coded video block may be represented by prediction information that can be used to create
or identify a predictive block, and a residual block of data indicative of differences between the
block being coded and the predictive block. The prediction information may comprise the one
or more motion vectors that are used to identify the predictive block of data. Given the motion
vectors, the decoder is able to reconstruct the predictive blocks that were used to code the
residual. Thus, given a set of residual blocks and a set of motion vectors (and possibly some
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additional syntax), the decoder may be able to reconstruct a video frame that was originally
encoded. Inter-coding based on motion estimation and motion compensation can achieve very
good compression because successive video frames or other types of coded units are often very
similar. An encoded video sequence may comprise blocks of residual data, motion vectors, and
possibly other types of syntax.

Karczewicz |1, §0025:

The techniques described in this disclosure may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the software may be
executed in one or more processors, such as a microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable medium
and loaded and executed in the processor.

Karczewicz 11, §0026:

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to encode video data, wherein the
instructions cause the device to generate prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different pre-
defined interpolation filters, and encode the video data based on the prediction data.

Karczewicz 11, §0048:

Video encoder 22 and video decoder 28 each may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may be
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included in one or more encoders or decoders, either of which may be integrated as part of a
combined CODEC in a respective mobile device, subscriber device, broadcast device, server,
or the like.

Karczewicz |1, 10063:

FIG. 3 is a block diagram illustrating an example of a video decoder 60, which decodes a video
sequence that is encoded in the manner described herein. Video decoder 60 includes a motion
compensation unit 55 that performs the interpolation techniques of this disclosure for decoding.
In particular, on the decoding side, motion compensation unit 55 may receive a syntax element
from entropy decoding unit 52 that identifies an interpolation filter from a plurality of different
pre-defined interpolation filters. Motion compensation unit 55 may generate prediction data,
which includes interpolating pixel values of reference video data based on the interpolation
filter identified by the syntax element. Specifically, motion compensation unit 55 may generate
the prediction data based on motion vectors received from entropy decoding unit 52 and the
interpolations as defined by syntax element (labeled interpolation syntax in FIG. 3). Based on
this interpolated prediction data, the video data (e.g., a reconstructed residual video block) can
be decoded.

Karczewicz 11, Fig. 3:
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Karczewicz |1, 10064:

Entropy decoding unit 52 entropy decodes the received bitstream to generate quantized
coefficients and the syntax (e.g., interpolation syntax and motion vectors sent to motion
compensation unit 55). Inverse quantization unit 56 inverse quantizes, i.e., de-quantizes, the
quantized block coefficients. The inverse quantization process may be a conventional process
as defined by H.264 decoding. Inverse transform unit 58 applies an inverse transform, e.g., an
inverse DCT or conceptually similar inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. Motion compensation unit 55 produces
motion compensated blocks in the manner described herein, e.g., including interpolation based

287

Nokia Exhibit 2006, p. 287
Snap/Hisense v. Nokia
IPR2025-01375



ASSERTED CLAIMS PRIOR ART REFERENCE:
“KARCZEWICZ 1” + “KARCZEWICZ 11”2

on a set of interpolation filter coefficients identified by the syntax element (i.e., the
interpolation syntax).

Karczewicz Il, §0110:

FIG. 6 is a flow diagram consistent with one or more aspects of video decoding consistent with
this disclosure. FIG. 6 will be discussed from the perspective of video encoder 50 shown in
FIG. 2. In particular, video encoder 60 receives an encoded video data (111), and receives a
syntax element that identifies an interpolation filter from a plurality of interpolation filters
(112). The encoded bitstream may include both the encoded residual video data and the syntax
element that identifies the interpolation filter that was used at the encoder. Entropy decoding
unit 52 may entropy decode the received bitstream to parse out the transformed and quantized
residual blocks, which are sent to inverse transform quantization unit 56 and inverse transform
unit 58, and to parse out the interpolation syntax element and motion vectors, which are sent to
motion compensation unit 55.

Karczewicz 11, 110119-120:

[0119] Accordingly, the techniques described herein may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in hardware, any features
described as modules, units or components may be implemented together in an integrated logic
device or separately as discrete but interoperable logic devices. If implemented in software, the
techniques may be realized at least in part by a computer-readable medium comprising
instructions that, when executed in a processor, performs one or more of the methods described
above. The computer-readable medium may comprise a computer-readable storage medium
and may form part of a computer program product, which may include packaging materials.
The computer-readable storage medium may comprise random access memory (RAM) such as
synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-
volatile random access memory (NVRAM), electrically erasable programmable read-only
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memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the like.
The techniques additionally, or alternatively, may be realized at least in part by a computer-
readable communication medium that carries or communicates code in the form of instructions
or data structures and that can be accessed, read, and/or executed by a computer.

[0120] The code may be executed by one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, an application specific integrated circuits
(ASICs), field programmable logic arrays (FPGAS), or other equivalent integrated or discrete
logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of the
foregoing structure or any other structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the functionality described herein may be
provided within dedicated software modules or hardware modules configured for encoding and
decoding, or incorporated in a combined video encoder-decoder (CODEC). Also, the
techniques could be fully implemented in one or more circuits or logic elements.

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[b] determine, for a current
block, a first reference block
based on a first motion vector
and a second reference block
based on a second motion

The combination of Karczewicz | and Karczewicz Il discloses determining, for a current block, a first
reference block based on a first motion vector and a second reference block based on a second motion
vector, wherein the pixels of the current block, the first reference block, and the second reference block
have values with a first precision.
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vector, wherein the pixels of | See, e.g.,
the current block, the first
reference block, and the | See limitation 19[a].
second reference block have o
values with a first precision; | Supra limitation 25[a].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz | and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[c] use said first reference | The combination of Karczewicz | and Karczewicz Il discloses using the first reference block to obtain
block to obtain a first | afirst prediction, the first prediction having a second precision, which is higher than the first precision.
prediction, said first prediction
having a second precision, | See, e.g.,
which is higher than said first

Supra limitation 25[b].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz 11, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[d] use said second
reference block to obtain a
second prediction, said second
prediction having the second
precision;

The combination of Karczewicz | and Karczewicz Il discloses using the second reference block to
obtain a second prediction, the second prediction having the second precision.

See, e.0.,
See limitation 19[c].
Supra limitations 25[b]-25][c].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[e] obtain a combined
prediction based at least partly
upon said first prediction and
said second prediction;

The combination of Karczewicz | and Karczewicz Il discloses obtaining a combined prediction based
at least partly upon the first prediction and the second prediction.

See, e.g.,

See limitation 19[d].
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Supra limitations 25[b]-25[d].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

25[f] decrease a precision of | The combination of Karczewicz | and Karczewicz 11 discloses decreasing a precision of the combined
said combined prediction by | prediction by shifting bits of the combined prediction to the right.

shifting bits of the combined
prediction to the right; and See, e.g.,

See limitation 19[e].

See also the disclosures and analysis of Karczewicz | and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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25[g] reconstruct the block of | The combination of Karczewicz | and Karczewicz Il discloses reconstructing the block of pixels based
pixels based on the combined | on the combined prediction.

prediction.
See limitation 19][f].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

26. The apparatus according to | The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the first
claim 25, wherein in an | motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel values
instance in which said first | of the first reference block.

motion vector points to a
subpixel, said first prediction | See, e.g.,
is obtained by interpolation )
using pixel values of said first | See claim 20.

reference block.
See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of

Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz |1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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27. The apparatus according to
claim 26, wherein said first
prediction is obtained by
interpolation using values of
said first reference block by:
right shifting a sum of a P-tap
filter using values of said first
reference block.

The combination of Karczewicz | and Karczewicz Il discloses that the first prediction is obtained by
interpolation using values of the first reference block by right shifting a sum of a P-tap filter using
values of the first reference block.

See, e.g.,
See claim 21.
Supra claim 26.

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

28. The apparatus according to
claim 26, wherein in an
instance in which said second
motion vector points to an
integer sample, said second
prediction is obtained by
shifting values of said second
reference block to the left.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the second
motion vector points to an integer sample, the second prediction is obtained by shifting values of the
second reference block to the left.

See, e.g.,

See claim 22.

Supra claim 26.
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Supra limitation 19[c].

See also the disclosures and analysis of Karczewicz I and Karczewicz I from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

29. The apparatus according to
claim 25, wherein the at least
one memory and computer
code are configured to cause
the apparatus to decrease said
precision of said combined
prediction by shifting bits of
the combined prediction to the
right, by: inserting a rounding

offset to the combined
prediction before said
decreasing.

The combination of Karczewicz | and Karczewicz Il discloses that the at least one memory and
computer code are configured to cause the apparatus to decrease the precision of the combined
prediction by shifting bits of the combined prediction to the right, by inserting a rounding offset to the
combined prediction before the decreasing.

See, e.g.,

See claim 23.

Supra claim 25.

Supra limitation 19[d].

Supra limitation 25[preamble].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.
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Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

30. The apparatus according to | The combination of Karczewicz | and Karczewicz Il disclosesthat the first precision indicates a number
claim 25, wherein the first | of bits needed to represent the values of the pixels, and the second precision indicates the number of
precision indicates a number | bits needed to represent values of the first prediction and values of the second prediction.

of bits needed to represent the
values of the pixels, and the | See, e.g.,
second precision indicates the _
number of bits needed to  Seeclaim 24.
represent values of said first
prediction and values of said
second prediction.

See limitation 25[b].
Supra claim 25.
Supra limitations 19[c]-19[e].

See also the disclosures and analysis of Karczewicz | and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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31[preamble] A computer
program product for decoding
a block of pixels, the computer
program product comprising at
least one  non-transitory
computer readable storage
medium  having computer
executable  program  code
portions stored therein, the
computer executable program
code portions comprising
program code instructions
configured to:

Karczewicz 1, as evidenced by the example citations below, discloses a computer program product for
decoding a block of pixels, the computer program product comprising at least one non-transitory
computer readable storage medium having computer executable program code portions stored therein.

See, e.g.,
See limitations 19[preamble], 25[preamble], 25[a].
Karczewicz 1, 10013:

Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that when executed cause a processor to select between default
weighted prediction and implicit weighted prediction, upon selecting default weighted
prediction, select between explicit weighted prediction based on calculated weights and explicit
weighted prediction based on weights defined by the default weighted prediction, upon
selecting implicit weighted prediction, select between explicit weighted prediction based on
calculated weights and explicit weighted prediction based on weights defined by the implicit
weighted prediction, and encode the video data using weighed prediction data defined by the
selections.

Karczewicz 11, as evidenced by the example citations below, discloses a computer program product for
decoding a block of pixels, the computer program product comprising at least one non-transitory
computer readable storage medium having computer executable program code portions stored therein.

See, e.0.,
Karczewicz |1, §10028:

In addition, this disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to interpolate predictive video data for video
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coding, wherein the instructions cause the device to generate half-pixel values based on integer
pixel values, round the half-pixel values to generate half-pixel interpolated values, store the
half-pixel values as non-rounded versions of the half-pixel values, and generate quarter-pixel
values based on the non-rounded versions of the half-pixel values and the integer pixel values.

Karczewicz |1, §0027:

This disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to decode video data, wherein the instructions
cause the device to, upon receiving a syntax element that identifies an interpolation filter from
a plurality of different pre-defined interpolation filters, generate prediction data, wherein
generating the prediction data includes interpolating pixel values of reference video data based
on the interpolation filter identified by the syntax element, and decode the video data based on
the prediction data.

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

31[a] determine, for a current | The combination of Karczewicz | and Karczewicz Il discloses determining, for a current block, a first
block, a first reference block | reference block based on a first motion vector and a second reference block based on a second motion
based on a first motion vector | vector, wherein the pixels of the current block, the first reference block, and the second reference block
and a second reference block | have values with a first precision.

based on a second motion
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vector, wherein the pixels of
the current block, the first
reference block, and the
second reference block have
values with a first precision;

See, e.0.,
See limitation 19[a].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

31[b] use said first reference
block to obtain a first
prediction, said first prediction
having a second precision,
which is higher than said first
precision;

The combination of Karczewicz | and Karczewicz Il discloses using the first reference block to obtain
a first prediction, the first prediction having a second precision, which is higher than the first precision.

See, e.0.,
See limitation 19[b].
Supra limitation 31[a].

See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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31[c] use said second
reference block to obtain a
second prediction, said second
prediction having the second
precision;

The combination of Karczewicz | and Karczewicz Il discloses using the second reference block to
obtain a second prediction, the second prediction having the second precision.

See, e.0.,
See limitation 19[c].
Supra limitation 31[b].

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz Il,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

31[d] obtain a combined
prediction based at least partly
upon said first prediction and
said second prediction;

The combination of Karczewicz | and Karczewicz Il discloses obtaining a combined prediction based
at least partly upon the first prediction and the second prediction.

See, e.g.,
See limitation 19[d].

Supra limitations 31[b]-31[c].See also the disclosures and analysis of Karczewicz | and Karczewicz
IT from “The Combination of Karczewicz I and Karczewicz II,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 1, it would have been obvious in view of the disclosures in Karczewicz
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| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

31[e] decrease a precision of | The combination of Karczewicz | and Karczewicz 11 discloses decreasing a precision of the combined
said combined prediction by | prediction by shifting bits of the combined prediction to the right.

shifting bits of the combined
prediction to the right; and See, e.0.,

See limitation 19[e].
Supra limitations 31[b]-31[d].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz | and Karczewicz II,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz 11, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

31[f] reconstruct the block of | The combination of Karczewicz | and Karczewicz 11 discloses reconstructing the block of pixels based
pixels based on the combined | on the combined prediction.

prediction.
See, e.g.,

See limitation 19[f].
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Supra limitations 19[b]-19[d].

See also the disclosures and analysis of Karczewicz | and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

32. The computer program
product according to claim 31,
wherein in an instance in
which said first motion vector
points to a subpixel, said first
prediction is obtained by
interpolation  using  pixel
values of said first reference
block.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the first
motion vector points to a subpixel, the first prediction is obtained by interpolation using pixel values
of the first reference block.

See, e.0.,
See claim 20.

See also the disclosures and analysis of Karczewicz | and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.
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33. The computer program
product according to claim 32,
wherein said first prediction is
obtained by interpolation
using values of said first
reference block by: right
shifting a sum of a P-tap filter
using values of said first
reference block.

The combination of Karczewicz | and Karczewicz Il discloses that the first prediction is obtained by
interpolation using values of the first reference block by right shifting a sum of a P-tap filter using
values of the first reference block.

See, e.g.,
See claim 21.
Supra claim 31.

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

34. The computer program
product according to claim 32,
wherein in an instance in
which said second motion
vector points to an integer
sample, said second prediction
is obtained by shifting values
of said second reference block
to the left.

The combination of Karczewicz | and Karczewicz Il discloses that in an instance in which the second
motion vector points to an integer sample, the second prediction is obtained by shifting values of the
second reference block to the left.

See, e.g.,

See claim 22.

Supra claim 32.
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Supra limitation 19[c].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz I1, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

35. The computer program
product according to claim 31,
wherein the program code
instructions  configured to
decrease said precision of said
combined  prediction by
shifting bits of the combined
prediction to the right, further
comprise  program  code
instructions configured to:
insert a rounding offset to the
combined prediction before
said decreasing.

The combination of Karczewicz | and Karczewicz Il discloses that the program code instructions
configured to decrease the precision of the combined prediction by shifting bits of the combined
prediction to the right, further comprise program code instructions configured to insert a rounding
offset to the combined prediction before the decreasing.

See, e.g.,

See claims 23 and 29.

Supra claim 31.

Supra limitation 19[d].

Supra limitation 25[preamble].

Supra limitation 31[preamble].
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See also the disclosures and analysis of Karczewicz I and Karczewicz Il from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
| and Karczewicz Il, in combination with the knowledge of a person of ordinary skill in the art, or in
light of one or more of any of the references identified in Exhibit E-9.

36. The computer program
product according to claim 31,
wherein the first precision
indicates a number of bits
needed to represent the values
of the pixels, and the second
precision indicates the number
of bits needed to represent
values of said first prediction
and values of said second
prediction.

The combination of Karczewicz | and Karczewicz 1l discloses that the first precision indicates a
number of bits needed to represent the values of the pixels, and the second precision indicates the
number of bits needed to represent values of the first prediction and values of the second prediction.

See, e.g.,

See claim 24.

See limitation 31[a].

Supra claim 31.

Supra limitations 19[c]-19]e].

See also the disclosures and analysis of Karczewicz I and Karczewicz II from “The Combination of
Karczewicz I and Karczewicz I1,” set forth supra.

Further, to the extent Complainant contends this element is not expressly or inherently disclosed by
Karczewicz | and Karczewicz 11, it would have been obvious in view of the disclosures in Karczewicz
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light of one or more of any of the references identified in Exhibit E-9.
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