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LISTING OF CHALLENGED CLAIMS

Reference

Limitation

Claim 1

1[pre]

A decoding method of a binary stream to reconstruct a current block
of a current image from a reference block of a reference image
reconstructed at a different size from the size of said current image,
said reconstructed reference image being stored in a decoded picture
buffer comprising:

1[a]

motion compensating said reference block of said reconstructed
reference image by applying a single horizontal filter GFH and a
single vertical filter GFv successively on the lines and on the
columns of pixels of said reference block,

1[b]

decoding, for the current block, a residue block, and

1[c]

reconstructing the current block from said residue block and from
said motion compensated reference block,

1[d]

wherein said single vertical filter GFv applied on a pixel s is such
that GFv(s)=MCIFv(SCFv(s)), where MCIFv is a vertical motion
compensation interpolation filter and SCFv is a vertical resampling
filter, MCIFv and SCFv being applied jointly and

1[e]

wherein said single horizontal filter GFH applied on a pixel u is
such that GFH(u)=MCIFH(SCFH(u)), where MCIFH is a horizontal
motion compensation interpolation filter and SCFH is a horizontal
resampling filter, MCIFH and SCFH being applied jointly and

1]

wherein no resampled version of said reconstructed reference image
is stored in the decoded picture buffer.

Claim 4

4[pre]

A coding method of a current block of a current image from a
reference block of a reference image reconstructed at a different size
from the size of said current image, said reconstructed reference
image being stored in a decoded picture buffer comprising:

4[a]

motion compensating said reference block of said reconstructed
reference image by applying a single horizontal filter GFH and a

- ix -
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Reference

Limitation

single vertical filter GFv successively on the lines and on the
columns of pixels of said reference block,

4[b]

calculating, for the current block, a residue block from said current
block and from said motion compensated reference block, and

4[c]

coding the residue block in a binary stream,

4[d]

wherein said single vertical filter GFv applied on a pixel s is such
that GFv(s)=MCIFv(SCFv(s)), where MCIFv is a vertical motion
compensation interpolation filter and SCFv is a vertical resampling
filter, MCIFv and SCFv being applied jointly and

4le]

wherein said single horizontal filter GFH applied on a pixel u is
such that GFH(u)=MCIFH(SCFH(u)), where MCIFH is a horizontal
motion compensation interpolation filter and SCFH is a horizontal
resampling filter, MCIFH and SCFH being applied jointly and

4[f]

wherein no resampled version of said reconstructed reference image
is stored in the decoded picture buffer.

Claim 7

7[pre]

A decoding device comprising at least one circuit configured to:

7[a]

access, from a decoded picture buffer, a reference image
reconstructed at a size different from the size of a current image;

7[b]

motion compensate a reference block of said reconstructed reference
image by applying a single horizontal filter GFH and a single
vertical filter GFv successively on the lines and on the columns of
pixels of said reference block,

7[c]

decode, for a current block of said current image, a residue block
from a binary stream, and

7[d]

reconstruct the current block from said residue block and from said
motion compensated reference block,

7[e]

wherein said single vertical filter GFv applied on a pixel s is such
that GFv(s)=MCIFv(SCFv(s)), where MCIFv is a vertical motion
compensation interpolation filter and SCFv is a vertical resampling
filter, MCIFv and SCFv being applied jointly and
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Reference

Limitation

7[f]

wherein said single horizontal filter GFH applied on a pixel u is
such that GFH(u)=MCIFH(SCFH(u)), where MCIFH is a horizontal
motion compensation interpolation filter and SCFH is a horizontal
resampling filter, MCIFH and SCFH being applied jointly and

7[g]

wherein no resampled version of said reconstructed reference image
is stored in the decoded picture buffer.

Claim 8

8[pre]

A coding device comprising at least one circuit configured to:

8[a]

access, from a decoded picture buffer, a reference image
reconstructed at a size different from the size of a current image;

8[b]

motion compensate a reference block of said reconstructed reference
image by applying a single horizontal filter GFH and a single
vertical filter GFv successively on the lines and on the columns of
pixels of said reference block,

8[c]

calculate, for a current block of said current image, a residue block
from said current block and from said motion compensated
reference block, and

8[d]

code the residue block in a binary stream,

8[e]

wherein said single vertical filter GFv applied on a pixel s is such
that GFv(s)=MCIFv(SCFv(s)), where MCIFv is a vertical motion
compensation interpolation filter and SCFv is a vertical resampling
filter, MCIFv and SCFv being applied jointly and

8[f]

wherein said single horizontal filter GFH applied on a pixel u is
such that GFH(u)=MCIFH(SCFH(u)), where MCIFH is a horizontal
motion compensation interpolation filter and SCFH is a horizontal
resampling filter, MCIFH and SCFH being applied jointly and

8[gl

wherein no resampled version of said reconstructed reference image
is stored in the decoded picture buffer.
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When a digital video is transmitted—whether over cable lines, satellite, or the
internet—extensive behind-the-scenes processing occurs to ensure the video reaches
its destination efficiently. Throughout the early 2000s, when video was still
primarily transmitted over dedicated cable lines, as opposed to the shared internet
lines, the MPEG-4 (or counterpart H.264) video codec handled much of the world’s
video processing.

But after a decade in service and the proliferation of mobile devices that
demanded video access on-the-go, MPEG-4 showed its age. In 2010, the industry
decided to create a more efficient codec called “High Efficiency Video Codec,” or
“HEVC” for short.! The plans for HEVC were widely publicized and drew
significant attention from industry groups, allowing those qualified and interested to
participate in the standardization process. Even those who did not actively
participate in the standardization process could follow along with the developments
that were made publicly available.

U.S. Patent No. 10,250,877 (“the ’877 Patent”; Ex-1001) was one of many
patents that resulted from the HEVC standardization process, but it did not actually
claim anything new. Not only had the technical issues identified by the inventors

been solved long before for past video-coding standards, but the *877 Patent simply

'HEVC is also known as ITU-T H.265. Ex-1003, 959.
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took what others had already proposed for inclusion in the HEVC standard and
combined that with those prior solutions. The *877 Patent’s purported addition did
not make something that was old new again, and Amazon.com, Inc. and
Amazon.com Services LLC (““Amazon” or “Petitioner”) therefore petitions for inter
partes review (“IPR”) of claims 1, 4, 7, and 8 (“Challenged Claims”) of *877 Patent.

I. GROUNDS FOR STANDING

Petitioner certifies the ’877 Patent is available for IPR, and Petitioner is not
barred or estopped from requesting IPR on the grounds herein. Petitioner has not
been served with a complaint by Patent Owner InterDigital, Inc. (hereafter, “PO”)
asserting the *877 Patent.

II. IDENTIFICATION OF CHALLENGE
A. Prior Art

Petitioner respectfully requests cancellation of the Challenged Claims over:
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Prior Art

Nakagawa (U.S. Patent No. 5,805,222), filed on November 4, 1996, issued on
September 8, 1998; prior art under at least § 102(b).

Sita (U.S. Application No. 2004/0150747), filed on September 26, 2003, published
on August 5, 2004; prior art under at least § 102(b).

Wiegand (Thomas Wiegand et al., WD3: Working Draft 3 of High-Efficiency
Video Coding, JCTVC-E603 v.8), published on June 27, 2011; prior art under at
least § 102(a).

Davies (Thomas Davies, Resolution switching for coding efficiency and resilience,
JCTVC-F158 v.4), published July 7, 2011; prior art under at least § 102(a).

Fimoff (U.S. Patent No. 6,628,714), filed on December 15, 1999, issued on
September 30, 2003; prior art under at least § 102(b).

B.  Grounds for Challenge

Ground Claims Prior Art

1 §103 1,4,7,and 8 Nakagawa in view of Sita

2 §103 1,4,7,and 8 Wiegand in view of Davies and Fimoff
3 §103 1,4,7,and 8 Wiegand in view of Davies and Sita

2 All references to pre-AIA 35 U.S.C. §§102, 103. Because the *877 Patent is a
transitional application, even if post-AIA statutes apply, that would change only
which provision under § 102 each reference qualifies as prior art. See Platinum
Optics Tech. Inc. v. Viavi Sols. Inc., No. IPR2021-00631, 2022 WL 5056729, at *3

n.5 (PTAB Oct. 3, 2022).
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III. °877 PATENT OVERVIEW
A.  Technology Background

The ’877 Patent is directed to encoding and decoding videos. To store or send
digital videos, the video must first be “encoded” into digital data—binary zeros and
ones. Ex-1003, 9932-34; see Ex-1001, Fig. 1 (prior-art encoder). When playing a
digital video, the data is “decoded” to reconstruct the video. Ex-1003, §34; Ex-1001,
1:15-22, Fig. 2 (prior-art decoder).

Because videos are just a series of static images played in rapid succession,
encoding each video image—also called a “picture” or “frame”— separately would
require a significant amount of data. Ex-1003, 933. For this reason, videos are often
“compressed” during encoding to reduce the amount of data needed to reconstruct
them later. Ex-1003, 4935-36; Ex-1001, 1:26-32.

One well-known way to compress a video is called “predictive” coding, which
embodies the theory that the contents of each image in a video do not often change
significantly. Ex-1003, 9941-43; Ex-1020, 1-11; Ex-1021, 19-20. For instance, in a
movie scene, the background may stay the same, and any objects in the scene may
move slightly with each subsequent image. Encoding the differences between video
images—such as an object’s motion—requires far less data than encoding each
image anew. Ex-1003, q942-43; see Ex-1001, 1:50-51. An encoder characterizes the

differences between images in two ways: (1) how objects move (calculated as a
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“motion vector”); and (2) any “residual” differences left over after accounting for an
object’s motion. Ex-1003, 9944-45, 48-53.

With predictive coding, the encoder needs to encode at least one complete
image (called an “I” frame).® Ex-1003, 9946-47, 51. Subsequent similar images
(called “P” or “B” frames) can then be encoded by using an already-encoded frame
as a “reference” and calculating any motion vectors and residual differences between
the reference image and the current image being encoded. /d. For P and B frames,
these motion vectors and residual differences are sent to the decoder for

reconstruction. /d., 953.

Original Scene

@ .. e

\5 /“;f \_\x _-;_: Ik\\_ _“‘“/ '\- -/'-';J,
IPE Compression

2 e

. [eee LLX] sesifs] || <See e

4 AN

Ex-1065, 2.

3 In general, every camera cut or change of scene typically requires a new I frame,

since much of the content will change. Ex-1003, 947.
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To reconstruct a video, a decoder receives and reconstructs at least one
complete I frame. See Ex-1003, 4951-53. After that, the decoder reconstructs
subsequent P or B frames using previously reconstructed frame(s) as a reference,
applying the motion vectors provided by the encoder to shift the location of objects
in the reference frame (called “motion compensation”), and then applying the
residual to account for any other remaining differences. Id.; see also Ex-1011, 1:43-
47; Ex-1014, Figs. 2, 5, 9954-58; Ex-1007, 5:57-53, Ex-1033, 73. To perform
predictive coding, both the encoder and decoder store reference frames in a (coded
or decoded) “picture buffer’—a designated area of computer memory. Ex-1001,
1:48-49.

Another well-known way to compress video was to reduce the size (i.e.,
resolution) of the images through “resampling,” and specifically “subsampling” or
“downsampling.” Ex-1003, 9937-40; Ex-1019, 4-5, 12, 19-25; Ex-1064, 3.
Downsampling reduces the number of pixels in each image, and therefore less data
is needed for encoding. Ex-1003, 938. Although this may produce lower-quality
videos, that is sometimes necessary. For example, if a network is too congested to
transmit a full-resolution video, receiving a lower-quality video is better than
receiving no video. /d., 454. To maximize video quality when conditions permit,

videos can be ‘“adaptive[ly]” encoded at different sizes in response to network

conditions. /d., §55; Ex-1022, 1-4.
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B. The ’877 Patent

The °877 Patent was filed on July 13, 2014, as a national-stage entry of
PCT/EP2013/050399, filed on January 10, 2013. The *877 Patent claims priority to
a French application (No. 12 50334) filed on January 13, 2012, which is assumed to
be the priority date for purposes of this Petition only.

1. Specification

The *877 Patent addresses an issue with combining predictive and resampling
compression methods. Because videos may be adaptively resampled for
transmission in response to network conditions, sometimes a reference frame may
be a different size than the current frame being predicted. Ex-1001, 1:51-55. To
accurately predict the current frame, the decoder must resample (either “upsample”
or “downsample”) the reference frame to have the same size as the current frame
being predicted. /d., 1:55-59. The resampled reference frame would then be stored
in the “decoded picture buffer.” Id., 1:59-61.

An example of this process is shown in Figure 3, reproduced below (with

annotations):
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FIGURE 3

Ex-1003, 963. The units above the horizontal arrow represent different frames in a
video stream, and the units below the horizontal arrow show the reference frames in
the buffer needed to reconstruct the above-line frame. /d., §64-65. As an example,
reconstruction of current frame 2 (in red) uses reference frames 0 and 1 (in yellow)
that are stored in the buffer. But because frames 0 and 1 are a different size than
frame 2, they must first be downsampled to create smaller-sized versions labeled
frames 0’ and 1’ (in blue)—also stored in the buffer—to match frame 2’s size.
Frames 0’ and 1’ are then used as references to reconstruct frame 2 instead of the

original-sized frames 0 and 1. 1d., 9965-67.
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According to the *877 Patent, however, buffer memory was a scarce resource,
and storing multiple versions of a reference image at different sizes would risk
overloading it. Ex-1001, 2:8-13. The ’877 Patent therefore proposed combining the
resampling and motion-compensation operations into a single process. Id., 2:32-37.
By combining these mathematical operations (which are called “filters”), reference
frames could be resampled to a different size, and any motion could be compensated
at the same time without needing to store the resampled reference frames in the
buffer. /d., 5:48-52, 6:1-7; Ex-1003, 9968-69.

Moreover, because these resampling and motion-compensation “filters” are
just mathematical operations that can be applied in a variety of sequences, the 877
Patent proposed using a separate resampling/motion-compensation “filter” for each
direction in the image: a vertical filter applied to each column of pixels, and a
horizontal filter applied to each row of pixels. Ex-1001, 4:28-33. As the ’877 Patent
recognizes, however, the particular order of the vertical and horizontal filters is
immaterial. /d., 4:33-36; Ex-1003, 970.

2. Prosecution History

The ’877 Patent originated as a national-stage entry of a PCT application. Ex-
1002, 52. After a preliminary amendment, twelve claims were presented directed to
decoding and encoding methods (claims 1, 6) and devices (claims 11, 13). /d., 5-9.

At a high level, the original claims recited, inter alia, modules or steps to resample
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and reconstruct a reference image using both a vertical and horizontal filter, in which
each filter was “equal to said [] motion compensation interpolation filter composed
with said [] resampling filter.” /d.

In the first office action, the Examiner rejected all the pending claims as
obvious in view of a combination of prior-art references: Ye (U.S. 8,199,812), Hong
(U.S. 2013/0003847), and Karczewicz (U.S. 2009/0175336). Id., 167-72. In
response, the Applicant amended the claims to recite that resampling and motion
compensation are performed by a single vertical and single horizontal filter. Id., 189-
94. The Applicant argued that not only did the prior art have the wrong configuration
of filters, but none had a single vertical and single horizontal filter because they used
different modules for motion compensation and resampling. Id., 196-200. The
Examiner was unpersuaded and issued a final rejection. /d., 213-19.

The Applicant then amended the claims to specify that the reconstructed
reference image must be stored in the buffer, but the resampled version must not be
stored. Id., 227-34. The Applicant also rewrote the description of the motion
compensation and resampling filters into equation form. /d. The Applicant argued
that these features sufficiently distinguished the prior art. /d., 235-39. The Examiner
disagreed and issued another office action using a new combination of art: Ye, Tsai
(U.S. 2012/0082241), Robertson (U.S. 2010/0226437), and Sato (U.S. 6,748,018).

Id., 252-58.
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The Applicant amended the claims again to specify that the motion
compensation and resampling filters are “applied jointly” (id., 274-79) and argued
that the cited prior art taught only “horizontal resampling followed by motion
compensation,” id., 280-82. The Examiner allowed the amended claims, concluding
that “[t]he claimed invention now relates to more uniformly [sic] application jointly
of either vertical and horizontal interpolation filtering and resampling to respective
single filters in either vertical or horizontal applications.” Id., 294-97; see also Ex-
1003, 9971-78.

C. Level of Ordinary Skill in the Art

A person of ordinary skill in the art (“POSITA”) would have had at least a
bachelor’s degree in electrical engineering, computer science, computer engineering,
or a related field, and approximately three years of experience in design,
development, and/or testing of relevant multimedia processing, such as video and/or
image processing or coding. Ex-1003, 4111. Advanced graduate studies with
coursework and/or research focusing on topics of video encoding and decoding
could substitute for work experience in the field. /d.

IV. CLAIM CONSTRUCTION

Claims should be construed “in accordance with the ordinary and customary
meaning ... as understood by one of ordinary skill in the art and the prosecution

history pertaining to the patent.” 37 C.F.R. § 42.100(b); see also Phillips v. AWH
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Corp., 415 F.3d 1303 (Fed. Cir. 2005) (en banc). Petitioner is unaware of any prior
claim construction determination related to the ’877 Patent. See 37 C.F.R.
§ 42.100(b). Nor does Petitioner believe the Challenged Claims need construction
to demonstrate their unpatentability. Nidec Motor Corp. v. Zhongshan Broad Ocean
Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017) (explaining the Board “need only
construe terms that are in controversy, and only to the extent necessary to resolve
the controversy”) (cleaned up).

In separate proceedings between PO and a third party, the parties agreed that
the term “circuit configured to” in the preamble of claims 7 and 8 should be given
its “[p]lain and ordinary meaning (i.e., requires pre-existing programming of
hardware and software to perform the cited functionality).” Ex-1012, 2. Whether the
PTAB adopts this clarification of the plain meaning would have no impact on this
proceeding because, as set forth below, the prior art expressly taught the claimed

circuit.

V. DETAILED EXPLANATION OF GROUNDS
A.  Ground 1: Obviousness over Nakagawa in view of Sita

1. Nakagawa

Nakagawa is a U.S. patent that was filed on November 4, 1996, and issued on
September 8, 1998. Nakagawa therefore constitutes prior art under at least pre-AIA

§102(b).
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Nakagawa explains that when a video contains sudden or significant content
changes, encoding the change may require “an overwhelming amount of coded
frame data that exceeds a standard level allowed for each frame,” thereby causing
“extreme degradation of image quality.” Nakagawa, 1:20-30; Ex-1003, q81.
According to Nakagawa, one way to avoid this problem is to alter the size of the
encoded images in real time to “regulate the amount of coded data at an appropriate
level.” Nakagawa, 2:49-53; Ex-1003, 982.

(13

To accomplish this, Nakagawa describes “a video coding apparatus for
performing predictive coding” that “selects picture resolution to be used in coding
of a source picture of a current frame.” Nakagawa, Abstract; Ex-1003, q83.
Specifically, Nakagawa explains how—using the existing H.261 video-coding
standard as an example—video images can be encoded to be of one of two sizes
(“CIF” or “QCIF”). Nakagawa, 4:43-51; Ex-1003, 983. After encoding each frame
at a particular size, Nakagawa’s system evaluates a set of factors to determine
whether to use a different size for the next frame to be encoded. See, e.g., Nakagawa,
3:64-4:6; Ex-1003, 983. Because Nakagawa’s system may switch the size of each
encoded frame, it will sometimes predict a current frame using a different-sized
reference frame. Nakagawa, 6:15-40; Ex-1003, 984. Nakagawa therefore provides a

“CIF/QCIF converter” that “retrieves the reconstructed picture of the previous frame

from the frame memory 22 and converts it” to match the size of the frame being
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predicted (Nakagawa, 6:15-40) before performing conventional reconstruction
operations (such as calculating motion vectors and the residual) to encode the current
frame. See id., 4:52-5:20; Ex-1003, 984.

2. Sita

Sita is a U.S. patent application publication that was filed on September 26,
2003, and published on August 5, 2004. Sita therefore constitutes prior art under at
least pre-AlIA §102(b).

Sita discloses a decoder that can receive many different types of video formats
(including high-definition television signals) and convert them into a lower-
resolution, standard-definition signal. See Sita, 2-3, 66-67; Ex-1003, 4487-88. In
other words, an encoder may send high-definition video, which Sita’s decoder
reconstructs and converts to a standard-definition format.

To achieve this, Sita discloses a downsampling operation to reduce the size of
the video image after it has been decoded and reconstructed. See Sita, 967, 82; Ex-
1003, 9488. These downsampled images are not only output by the decoder (for
compatibility with standard-definition displays), but they are also stored in memory
to serve as reference frames to predict subsequent images. Sita, §982-83; Ex-1003,
988. Because Sita’s decoder may receive a signal from the encoder representing
high-definition images, yet all reference images are stored at standard definition,

Sita also discloses an image-reconstruction process to handle the mismatch between
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the two. Ex-1003, 989. In particular, Sita explains how a combined
resampling/motion-compensation operation is performed to convert the standard-
definition reference images stored in memory back into high definition so that the
high-definition resolution motion vectors from the encoder can be applied to
reconstruct a prediction of the current image. Sita, 88, 89, 110-112, Fig. 2B; Ex-
1003, 989. Sita further discloses that this process can be applied with two separate,
one-dimensional filters: one in the horizontal direction, and one in the vertical
direction. See, e.g., Sita, §95; Ex-1003, 990.
3. Claim 1

a. Element 1[pre]

To the extent limiting, Nakagawa discloses or suggests element 1[pre].

For the “decoding method,” Nakagawa discloses a “video coding apparatus
that performs predictive coding.” Nakagawa, 1:4-8.

Although Nakagawa describes an encoder in detail, a POSITA would have
understood that Nakagawa describes a decoding method within the encoder, and thus
also implicitly describes a decoder and the process by which the decoder would
decode a bitstream into video. Ex-1003, 9117-24. Specifically, in Figure 2

(reproduced with annotations), Nakagawa provides a diagram of the encoder that has
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a built-in decoding loop.* Id., §9122. But whereas an encoder would typically output
a bitstream—represented as the “to transmission line” at 18 in Figure 2—Nakagawa
also shows a separate output from the decoding loop—represented as the “to display
unit” at 26. See Nakagawa, Fig. 2; Ex-1003, 4121. A POSITA would have therefore
understood that Nakagawa is showing both the encoding and decoding processes in
Figure 2. Ex-1003, 9124. Moreover, a POSITA would have readily understood

which components would be needed at the decoder, identified in red below:

* Encoders in predictive-coding systems include a decoding loop to generate
reconstructed versions of video images—which may differ slightly from the original
versions—to calculate motion vectors and residuals, because those vectors and
residuals will be applied to reconstructed versions of the image at the decoder. Ex-
1003, 9949-52. The images the encoder and decoder work from need to be the same.

Id., 949.
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1d., Y122; see also Nakagawa, 5:42-59, 6:15-40 (describing the decoding process in
the context of the encoder). A POSITA therefore would have understood how (and
thus found it obvious) to implement a decoder that would operate in accordance with
Nakagawa because Nakagawa effectively described the decoder built into the
encoder. Ex-1003, 9124.

Nakagawa further discloses that “the coding system generates a digital video
bit stream” that is sent to the decoder for reconstruction. Nakagawa, 3:60-63; see
also id., 5:38-41. By disclosing a “bit stream,” a POSITA would have understood
that Nakagawa discloses reconstructing video images at the decoder from a “binary
stream” as claimed, because a POSITA would have understood that “bits” are binary

values. Ex-1003, 94125.
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Nakagawa further discloses “reconstruct[ing] a current block of a current
image from a reference block of a reference image reconstructed at a different size
from the size of said current image,” as claimed. Specifically, Nakagawa discloses
that, as part of the encoding process, “a source picture is divided into blocks of
pixels,” Nakagawa, 1:9-20, and involves “[c]Jomparing the source picture of the
current frame with the reconstructed picture of the previous frame on a block-by-
block basis,” id., 4:62-66; see also id., 4:43-51. Nakagawa then discloses that, within
the decoding loop, images are reconstructed based on a reference image. See id., 5:2-
12 (noting motion vectors applied to reference image to produce a “prediction
picture”), 5:42-59 (noting how a “reconstructed picture generator 21 reconstructs a
picture by adding the prediction picture...and the [residual]”). By disclosing a block-
based reconstruction process as part of the decoding loop, a POSITA would have
understood that a decoder performs this reconstruction operation as well. Ex-1003,
19126-27.

Nakagawa also discloses that the current and reference frames can be of at
least one of two sizes (CIF or QCIF) (Nakagawa, 4:43-51) and that the resolution
can be switched mid-video stream. See, e.g., id., 7:52-55. Consequently, a block for
a current image at one resolution (e.g., CIF) will sometimes be reconstructed from a
block using a reference image at a different resolution (e.g., QCIF), and Nakagawa

explains how to resample the reference image to match the resolution of the current
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frame so that the current frame can be reconstructed. See, e.g., id., 6:15-40. A
POSITA would have understood that if the current and reference pictures have
different sizes at the encoder, they would also have different sizes when being
reconstructed at the decoder. Ex-1003, q9128-29.

Finally, Nakagawa discloses storing reconstructed reference images in a
picture buffer, which Nakagawa calls a “buffer” or “frame memory.” See, e.g.,
Nakagawa, 4:58-59 (“A reconstructed (or decoded) picture of the previous frame
stored in a frame memory 22”); see also id., 2:55-62, 4:58-61; Ex-1003, 9130. A
POSITA would have understood that a decoder would have a buffer or frame
memory for storing reference pictures as well. Ex-1003, q131.

b. Element 1][a]

The combination of Nakagawa and Sita renders element 1[a] obvious.

Nakagawa discloses calculating motion vectors at the encoder by
“[c]Jomparing the source picture of the current frame with the reconstructed picture
of the previous frame on a block-by-block basis.” Nakagawa, 4:62-65; Ex-1003,
94/132-33. Nakagawa then discloses that, as part of the decoder loop, a “prediction
picture generator” receives the motion vectors and “produces a prediction picture of
the current frame” by applying the calculated motion vectors. Nakagawa, 5:4-12;

Ex-1003, 9133.
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Because it is possible that, during the motion-compensation process, the
reference image may have a different resolution (i.e., size) than the current image
being predicted, Nakagawa discloses a resolution converter (“CIF/QCIF converter”)
that changes the size of the reference image to match that of the current image. See
Nakagawa, 6:15-40 (resampling operation to ensure the current and reference blocks
are the same size), 5:4-12 (describing application of motion vectors), Fig. 2
(showing a CIF/QCIF converter (23) for resampling, and prediction picture

generator (13) for motion vectors); Ex-1003, q134.
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However, Nakagawa does not expressly disclose the details of implementing the
resolution conversion during the motion-compensation process. Ex-1003, q135.
A POSITA would have understood that changing the resolution of a reference

frame to match that of the current frame during a motion-compensation process was
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known in the prior art, and others had expressly provided solutions. /d. Indeed, when
television networks began broadcasting high-definition television signals, those in
the art provided processes to convert high-definition signals to standard definition
images to support older televisions, and use standard-definition images as references
to decode incoming high-definition signals to save memory. /d. For instance, Sita
teaches a video decoder that generally operated in accordance with predictive video-
coding standards, like Nakagawa. See Sita, 42; Nakagawa, 1:10-13; Ex-1003, 4136.
As part of the decoder, Sita teaches using a resampling (226) and motion-
compensation-interpolation (228) filter operation (collectively, filter 224), in which
a standard-definition reference block is resampled for motion compensation by
applying the filter. Sita, 4982, 88-89; Ex-1003, q136.

Although Sita does not expressly show that its filter (224) applies separate
horizontal and vertical filters, as claimed (see Sita, Fig. 2B), a POSITA would have
understood—or at least found it obvious—that Sita uses such filters. Ex-1003, §137.
Specifically, a POSITA would have understood that because Sita identifies different
image sizes with different numbers of pixels in both the horizontal and vertical
direction (just like Nakagawa), Sita’s resampling/motion-compensation-
interpolation operation would be performed in both the horizontal and vertical
directions. See, e.g., Sita, 66-67 (Tables 1 and 2) (showing in Table 1 different

formats with different pixel amounts in both the horizontal and vertical direction,
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and showing in Table 2 conversion between formats, e.g., 1125p (with 1920-by-
1080 pixels) to 525p (with 640-by-480 pixels)); Ex-1003, q138. Sita also expressly
states that a POSITA would know how to perform these operations in both directions
using separate horizontal and vertical filters. Sita, 995; Ex-1003, 4139. And Sita
shows that, in a separate filtering process to convert the final reconstructed images
to match a display resolution, separate vertical and horizontal resampling filters are
used. Sita, Fig. 2B, 481; Ex-1003, 4140. An annotated version of Sita’s Figure 2B is

provided below, which identifies those filters:
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A POSITA would have therefore understood that Sita’s resampling/motion-

compensation-interpolation filter (224) would do the same, or at least would have

found it obvious to configure Sita’s filter (224) accordingly. Ex-1003, 9141.
Furthermore, although Sita shows applying a vertical filter before a horizontal

filter (for the separate display filter 280), a POSITA would have appreciated that the
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order of the horizontal and vertical filters is of little consequence. /d., §142. Not only
were only two options available—(1) horizontal followed by vertical filtering; or (2)
vertical followed by horizontal filtering—but a POSITA would have understood that
the order is immaterial (id.), as the *877 Patent itself admits (Ex-1001, 4:33-36). The
selection of a specific filtering sequence—all of which would have produced similar
results—would have been well within the implementation expertise of a POSITA.
Ex-1003, 9142.

A POSITA would therefore have found it obvious to wuse Sita’s
upsampling/motion-compensation-interpolation filtering scheme to convert, e.g.,
QCIF images to CIF images (or vice versa) and apply the motion vectors in a decoder
consistent with Nakagawa’s disclosure. /d., §143. And although Nakagawa did not
explicitly disclose performing upsampling and motion-compensation-interpolation
operations using a horizontal filter and a vertical filter, a POSITA would have found
this obvious in view of Sita, which solved the exact problem of performing
upsampling during motion compensation to match resolution (size) of a reference
block to the current block. /d.

But a POSITA would have also found it obvious to combine Nakagawa and
Sita for another reason: Sita would have made it easier for Nakagawa to implement
other known coding standards, such as MPEG-1 or MPEG-2. Nakagawa describes

the embodiments of its invention by “adopt[ing] a coding scheme of the ITU-T
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standard H.261.” Nakagawa, 4:43-44. A POSITA would have understood, however,
that Nakagawa’s disclosure was not limited to H.261 but instead provided H.261 as
an example; none of the video coding blocks in Nakagawa’s embodiments are
limited to an H.261 coding scheme. Ex-1003, 99144-47; see Nakagawa, 1:10-13
(noting “H.261 and...MPEG-1 and MPEG-2, for example, are well-acknowledged
international standards for motion picture coding techniques™), 10:3-4 (“The
foregoing [disclosure] is considered as illustrative only of the principles of the
present invention.”).

A POSITA would have also understood that newer video coding standards
(e.g., MPEG-1 or MPEG-2) provided other benefits, such as better-quality video,
more options for video resolutions (other than just CIF/QCIF for H.261), more
options to implement those coding standards due to their wider adoption, and more-
refined motion-compensation operations than H.261 (because MPEG-1 and
MPEG-2 used half-pixel motion compensation, rather than full-pixel compensation
like H.261). Ex-1003, q145. A POSITA therefore would have found it obvious to
configure Nakagawa’s system to implement these other coding schemes that
Nakagawa expressly identified. Id., §147. A POSITA would have appreciated that
Sita’s filtering operations were already compliant with the MPEG-1 and MPEG-2

coding standards, and specifically already implemented half-pixel motion-
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compensation-interpolation operations used by these standards. See Sita, 2
(describing an MPEG-2 compliant scheme); Ex-1003, 9148.

A POSITA would have had a reasonable expectation of success in
incorporating Sita’s filtering operation into Nakagawa’s decoding loop (and, by
extension, a compatible decoder) because Nakagawa already performed the same
resampling/motion-compensation operations as Sita, just as two separate steps. Sita
explained how to combine them into a single step and apply them one direction at a
time. The modification would have involved little more than computer coding to
operate on simple data structures, such as arrays, which would have well been within
the skill of a POSITA. Ex-1003, 4149.

c. Element 1[b]

Nakagawa discloses or suggests element 1[b].

Nakagawa discloses an encoder that generates a residue block, which
Nakagawa calls a “prediction error signal.” Nakagawa, 5:13-17 (“The prediction
error calculator 14 produces a prediction error signal by calculating differences
between the current frame picture...and the prediction picture”); Ex-1003, 99150-
51. Indeed, Nakagawa’s “prediction error signal” is calculated the same way as the
“residue block™ in the ’877 Patent. See Ex-1001, 9:5-11 (“the residue block is
obtained by subtracting the prediction block pixel by pixel from the current block™);

Ex-1003, q152.
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Nakagawa also discloses that, as part of the decoder loop, a bitstream of
“quantized transform coefficients” are decoded “to reproduce the prediction error
signal.” Nakagawa, 5:42-47. A POSITA would have also understood that
implementing a decoder consistent with Nakagawa would have similarly decoded a
“prediction error signal” because that is the conventional process to reconstruct a
current block based on a predicted reference block. Ex-1003, §153; Nakagawa, 5:47-
53; Sita, 9[78.

As a general matter, though, the use of residue blocks in image decoding and
reconstruction was well-known, and the 877 Patent did not improve or modify the
use or management of residue blocks in the decoding process. Ex-1003, 49152, 154.

d. Element 1|c]

Nakagawa discloses or suggests element 1[c].

As explained in Sections V.A.3.a (1[pre]) and V.A.3.b (1[a]), Nakagawa
discloses a decoding loop in which a “prediction picture generator” performs motion
compensation to produce a “prediction picture” comprising motion-compensated
reference blocks. See also Ex-1003, 44155-57. And as explained in Section V.A.3.c
(1[b]), Nakagawa also discloses that, as part of the encoder’s decoding loop, “[a]
reconstructed picture generator 21 reconstructs a picture by adding the prediction

picture produced by the prediction picture generator 13 and the prediction error
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signal,” Nakagawa, 5:47-53, otherwise known as a “residue” or “residual.” See also
Ex-1003, q156.

Reconstructing an image by combining a motion-compensated reference
block and a residual block was conventional and well-known before the *877 Patent.
Ex-1003, 9158. And Nakagawa’s reconstruction process (in the encoder’s decoding
loop) is consistent with Sita’s reconstruction process in a decoder, which
reconstructs the current block from the residual block and motion-compensated
reference block. Sita, 78 (explaining how “Motion Compensation Processor 206
receives [a prediction block] and then adds [the residual block]...to produce...[a
block for] the current video image[.]”); Ex-1003, q158.

Accordingly, a POSITA would have understood, or at least found it obvious,
that upon implementing a decoder consistent with Nakagawa, a current block
(Nakagawa’s “reconstructed picture”) would be reconstructed by combining a
residue block (Nakagawa’s “prediction error signal”) and motion-compensated
reference block (Nakagawa’s “prediction picture”), as claimed. Ex-1003, 4159.

e. Element 1[d]

The combination of Nakagawa and Sita renders element 1[d] obvious.
As explained in Section V.A.3.b (1[a]), combining Nakagawa and Sita renders
obvious “applying...a single vertical filter GFv successively...on the columns of

pixels of said reference block,” as claimed. See also Ex-1003, §9160-62.
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Although written using equations, element 1[d] effectively recites that the
single vertical filter in element 1[a] comprises a vertical motion-compensation-
interpolation filter (MCIFv) and a vertical resampling filter (SCFv) combined into
one. Ex-1003, 4161; see also Ex-1001, 5:57-67 (“[T]he horizontal filters MCIFz and
SCFy are grouped into a single filter GFz” using, e.g., equation GFy =
MCIFro SCFg and the same for vertical filter “V,” “where (f o h)(x) = f(h(x)).”);
see also Ex-1067, 525:11-527:21 (PO’s expert explaining the operation of the joint
filter).

Nakagawa teaches that, as part of the decoding loop, a vertical resampling
operation is performed. See, e.g., Nakagawa, 4:46-51 (noting how CIF pictures have
a vertical resolution of 288 pixels, and QCIF pictures have a vertical resolution of
144 pixels), 6:15-40 (describing a resampling operation to convert CIF to QCIF, and
vice-versa); Ex-1003, §163. After resampling, a motion-compensation operation is
performed. Nakagawa, Fig. 2 (showing CIF/QCIF converter 23 followed by
prediction-picture generator 13), 5:2-12; Ex-1003, §163. However, Nakagawa does
not explain how the CIF/QCIF converter and prediction-picture generator operate,
nor does Nakagawa expressly describe motion-compensation interpolation (because

Nakagawa uses full-pixel motion vectors, which do not require interpolation).

Ex-1003, 9164.
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Sita, however, provides those details for a decoder that, like Nakagawa,
implements reference-frame upsampling for a motion-compensation procedure,
including motion-compensation interpolation to apply half-pixel motion vectors.
Ex-1003, 9164. Specifically, Sita provides examples of encoding a current frame
using a different-sized reference frame scaled by a particular ratio. See Sita, 4109
(describing 3:1 or 2:1 upsampling of a reference image to match the size of the
current image); Ex-1003, 164. Sita then provides filter weights in Tables 7B (for
3:1 upsampling) and 7C (for 2:1 upsampling) that, taking only the reference-frame
pixel values as inputs, both upsamples and performs motion-compensation
interpolation as part of a single operation, and in a single computer-processor clock
cycle. Sita, 99110-12; Ex-1003, q9165-81; Ex-1067, 525:11-527:21 (PO’s expert
explaining the joint filter applies a set of weights to pixel values in a reference picture,
just like Sita). And although Sita expressly describes these operations in the context
of a horizontal filter, Sita recognizes the same teachings apply to a vertical filter.
Sita, 995; Ex-1003, q181.

A POSITA would have been motivated to modify Nakagawa’s decoding loop
(and, accordingly, also implement at a decoder) to perform Sita’s joint
resampling/motion-compensation-interpolation filter operations. Ex-1003, 9182.
Specifically, a POSITA would have understood that Sita provides a compact method

in which pixels from a different-sized reference frame are retrieved for a combined
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upsampling and half-pixel interpolation operation. /d.; see Sita, 4108; see also
§V.A.3.b (1[a]) (explaining the benefits of modifying Nakagawa to implement
MPEG-2, including its half-pixel motion vectors). A POSITA would have
recognized that Sita’s joint operations would result in reduced use of computational
resources because a lower memory bandwidth would be needed for fetching
reference-frame pixels while at the same time streamlining the implementation of
the resampling/motion-compensation-interpolation process. Ex-1003, 9q182.
Furthermore, by combining these operations, multiple pixels could be operated upon
in a single clock cycle, which would have supported Nakagawa’s express goal of
reducing the latency of these operations. See, e.g., Sita, 110 (noting a single clock
cycle can output sub-pixel values at 6 (or 4) locations); Nakagawa, 1:32-2:46
(explaining a problem with the prior art is the delay in deciding to adapt the video-
image resolution during encoding, and that “prior-art system must execute each
process faster than normal pipelined systems in order to finish the frame coding
within a fixed cycle time”); Ex-1003, 9182.

A POSITA would have had a reasonable expectation of success in
implementing Sita’s joint operations in Nakagawa’s coding system because it merely
involves combining two mathematical operations into one by selecting appropriate
weights for pixel values to produce the same output as separate resampling and

motion-compensation interpolation equations would have. Ex-1003, q183. And Sita
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provides two sets of exemplary weights for certain resampling ratios to choose from,
if desired. /d. In other words, a POSITA would need only modify some mathematical
equations in computer code, which would have been well within the skill of a
POSITA. Id.

f. Element 1]e]

The combination of Nakagawa and Sita renders element 1[e] obvious.

As discussed previously, the combination of Nakagawa and Sita renders
obvious element 1[d] (see §V.A.3.e (1[d])), and 1[e] differs from 1[d] only with
respect to the direction the filter is being applied. Ex-1003, 99184-185. Furthermore,
as also explained previously, a POSITA would have understood, or at least found it
obvious, to apply Sita’s filtering operations as separate horizontal and vertical filters.
See §V.A.3.b (1[a]). But whereas a POSITA would need to configure Sita’s express
horizontal filter to apply in the vertical direction (see §V.A.3.e), Sita expressly
describes a joint resampling/motion-compensation-interpolation operation in the
horizontal direction. Ex-1003, 186.

g. Element 1[f]

The combination of Nakagawa and Sita renders element 1[f] obvious.
As explained in Section V.A.3.a (1[pre]), Nakagawa discloses that
reconstructed reference images are stored in “frame memory,” and that when a

reference image in frame memory is a different size than the current frame, the
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reference image is resampled to match the size of the current frame. See also
Nakagawa, 6:15-40; Ex-1003, 99187-88.

As Figure 2 of Nakagawa further shows, because “frame memory” provides
the input to an external “CIF/QCIF converter,” and the converter does not provide
an input back to the “frame memory” while converting reference frames only as
needed (Nakagawa, 6:15-34), a POSITA would have understood that no resampled
version of the reference image is stored back in memory. Ex-1003, 4189. An
annotated version of Figure 2 is provided below, which shows the signal flow from

the frame memory to the CIF/QCIF converter:
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Moreover, a POSITA would have appreciated that, upon modifying
Nakagawa to implement Sita’s joint resampling/motion-compensation-interpolation

filter, there would be no need to store a resampled version of the reference image in

-32 -



U.S. Patent 10,250,877
IPR2026-00195

memory. Ex-1003, q190. Like Nakagawa, Sita’s reference frame memory provides
a reference frame as an input to the joint filter (224) without any feedback to the

memory. An annotated version of Sita Figure 2B is provided below:
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A POSITA would have also understood that Sita does not directly produce a
“resampled version” of a reference image, as claimed, because Sita performs both
resampling and motion-compensation-interpolation operations together. Ex-1003,
q1190.

Finally, as discussed previously in Section V.A.3.a (1[pre]), although
Nakagawa primarily describes an encoder, a POSITA would have understood that
the same arrangement would be implemented at the decoder because Nakagawa

describes this arrangement in the context of a decoding loop. Ex-1003, q191.
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4. Claim 4

The combination of Nakagawa and Sita renders this claim obvious as a whole.
Although the analysis of claim 1 focused on applying Nakagawa to a decoder,
as discussed above, Nakagawa primarily describes an encoder, and therefore
expressly teaches the relevant claim elements as part of an encoder. See §V.A.3.a
(1[pre]); Ex-1003, 44192-93.
a. Element 4[pre]

To the extent limiting, Nakagawa discloses element 4[pre]. See §§V.A.3.a
(1[pre]), V.A.4 (claim 4, generally); Ex-1003, 9194.

b. Element 4|a]

The combination of Nakagawa and Sita renders element 4[a] obvious. See
§V.A.3.b (1[a]); Ex-1003, q195.

c. Element 4[b]

Nakagawa discloses element 4[b].

Nakagawa discloses that “[t]he prediction error calculator 14 produces a
prediction error signal by calculating differences between the current frame picture
provided by the CIF/QCIF converter 11 and the prediction picture provided by the
prediction picture generator 13.” Nakagawa, 5:13-17; see also id., 5:2-12 (explaining
how prediction picture generator applies motion vectors to a reference frame to

produce the “prediction picture of the current frame™). As stated previously, a
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POSITA would have understood that Nakagawa’s “prediction error signal” is a
“residue block,” and the “prediction picture” is a “motion compensated reference
block,” as claimed. See §V.A.3.c (1[b]); Ex-1003, 99196-98.

d. Element 4|c]

Nakagawa discloses element 4[c].

Nakagawa discloses that the “prediction error signal” is sent through a “DCT
processor” that produces “transform coefficients,” which are then quantized and sent
to an “entropy coder” that “assigns different codes to the combinations of those
received data...which will be sent out to the transmission line in the form of bit
stream at a constant transfer rate.” Nakagawa, 5:17-41. A POSITA would have
understood this process describes the coding of a residue block into a binary stream,
as claimed. Ex-1003, §9199-200.

e. Element 4|d]

The combination of Nakagawa and Sita renders element 4[d] obvious. See
§V.A.3.e (1[d]); Ex-1003, 94201.

f. Element 4|e]

The combination of Nakagawa and Sita renders element 4[e] obvious. See
§V.A.3.f(1[e]); Ex-1003, 9202.

g. Element 4[f]

Nakagawa discloses element 4[f]. See §V.A.3.g (1[f]); Ex-1003, 4203.
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5. Claim 7
a. Element 7[pre]

To the extent limiting, Nakagawa discloses, or at least renders obvious,
element 7[pre].

Nakagawa discloses a “video coding apparatus for performing predictive
coding of digital video input signals.” Nakagawa, Abstract. Because Nakagawa
discloses processing digital signals, a POSITA would have understood, or at least
found it obvious, that Nakagawa discloses a system implemented on specialized
hardware or computer processors and memory—which alone or together form a
circuit—operating pre-programmed software. Ex-1003, 99204-06; see §IV (Claim
Construction). Moreover, as discussed previously, a POSITA would have found it
obvious to implement the disclosures of Nakagawa as part of a decoding device, in
addition to an encoding device. See §V.A.3.a (1[pre]); Ex-1003, §207.

b. Element 7|a]

Nakagawa discloses, or at least renders obvious, element 7[a]. See §V.A.3.a
(1[pre]) (discussing use of a decoded picture buffer for reference frames
reconstructed at a size different than the current frame, and the implicit and/or
obvious implementation at a decoder). Nakagawa also discloses accessing those
reference images from a buffer or frame memory (e.g., a decoded picture buffer, as

claimed) when reconstructing an image. See, e.g., Nakagawa, 5:4-7 (“The prediction
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picture generator 13 receives...a decoded image of the previous frame from the
frame memory 22”°); Ex-1003, 9208.

c. Element 7[b]

The combination of Nakagawa and Sita renders element 7[b] obvious. See
§V.A.3.b (1[a]); Ex-1003, 9209.

d. Element 7|c]

Nakagawa discloses, or at least renders obvious, element 7[c]. See §V.A.3.c
(1[b]); Ex-1003, 9210.
e. Element 7[d]
Nakagawa discloses, or at least renders obvious, element 7[d]. See §V.A.3.d
(1[c]); Ex-1003, 9211.
f. Element 7|e]

The combination of Nakagawa and Sita renders element 7[e] obvious. See
§V.A.3.e (1[d]); Ex-1003, q212.

g. Element 7[f]

The combination of Nakagawa and Sita renders element 7[f] obvious. See

§V.A.3.f (1[e]); Ex-1003, 9213.
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h. Element 7[g]

Nakagawa discloses, or at least renders obvious, element 7[g]. See §V.A.3.g
(11£]); Ex-1003, 9214.

6. Claim 8
a. Element 8[pre]

To the extent limiting, Nakagawa discloses, or at least renders obvious,
element 8[pre]. See §§V.A.3.a (1[pre]) (describing details of the coding device),
V.A.4 (claim 4, generally) (noting express disclosure of a coding device), V.A.5.a
(7[pre]) (describing disclosure and/or obviousness of a circuit and/or
preprogrammed software); Ex-1003, 4215.

b. Element 8[a]

Nakagawa discloses element 8[a]. See §§V.A.3.a (1[pre]), V.A.5.b (7[a]); Ex-
1003, 9216.

c. Element 8[b]

The combination of Nakagawa and Sita renders element 8[b] obvious. See
§V.A.3.b (1[a]); Ex-1003, q217.

d. Element 8|c]

Nakagawa discloses element §[b]. See §V.A.4.c (4[b]); Ex-1003, 4218.

e. Element 8[d]

Nakagawa discloses element 8[c]. See §V.A.4.d (4[c]); Ex-1003, 9219.
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f. Element 8|e]

The combination of Nakagawa and Sita renders element 8[e] obvious. See
§V.A.3.e (1[d]); Ex-1003, 9220.

g. Element 8[f]

The combination of Nakagawa and Sita renders element §[f] obvious. See
§V.A.3.f(1[e]); Ex-1003, q221.

h. Element 8[g]

Nakagawa discloses element 8[g]. See §V.A.3.g (1[f]); Ex-1003, 9222.

B. Ground 2: Obviousness over Wiegand in view of Davies, and
Fimoff

1. Wiegand

Wiegand is a working-draft proposal for the High-Efficiency Video Coding
standard that was published on June 27, 2011. Ex-1045. Wiegand therefore
constitutes prior art under at least pre-AIA § 102(a).’

Wiegand describes a new draft “industry standard for compressed video

representation with substantially increased coding efficiency and enhanced

> Wiegand was publicly accessible. Ex-1005, §943-69; see also generally Ex-1005.
Moreover, Wiegand had been cited by others around the time of its publication (Ex-
1042, Ex-1047, Ex-1048, Ex-1049), demonstrating that those interested had access

and knew where to find it.
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robustness to network environments.” Wiegand, 12 (Forward), 13 (§0.1). As part of
the draft standard, Wiegand discloses a detailed decoding process. See generally, id.,
84-154 (§8).

Specifically, Wiegand discloses that the decoder first receives a bitstream (or
“NAL units”) from the encoder. /d., 85 (§8.1). One of the first steps is to reconstruct
pictures and mark them as reference pictures. /d. (§8.2.2). When a current frame is
to be reconstructed based on a reference frame (called “inter prediction” decoding),
it will first apply motion vectors to predict the current frame. Id., 109 (step 1,
referencing §8.4.1), 110-11 (§8.4.1 instructing to follow §8.4.2), 111-30 (describing
derivation and interpolation of motion vectors). Then the decoder will decode and
apply a residual signal that accounts for any remaining differences not captured by
the prediction. /d., 109 (step 2, referencing §8.4.3), 130-33 (§8.4.3). The picture is
then reconstructed using the prediction for the current frame and the residual. /d.,

109 (step 4).
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2. Davies

Davies is a proposal published by another HEVC-standardization participant
on July 7, 2011. Davies therefore constitutes prior art under at least pre-AlA
§ 102(a).°

Davies expressly proposes modifying Wiegand—see Davies, 4 (§4)
(“Various modifications to the current Working Draft (WD) [3] are needed”), 11
(Wiegand as “[3]”)—to permit “resolution switching” “to allow video
communications to use re-scaling to adapt seamlessly to adverse network conditions.”
Id., 1. Specifically, Davies proposes “that an encoder can signal a change of
resolution and predict frames across resolutions,” in which “reference frames are
simply re-scaled as needed.” Id., 2 (§1).

Davies recognizes that although resolution switching was permitted in past
standards, past implementations required sending a special “IDR” frame to reset the
reference buffer, which was “difficult to transmit in a low-delay environment,”

Davies, 2 (§1). Davies instead proposes using “separable down- and up-scaling

6 Davies was publicly accessible. Ex-1005, 9943-69; see also generally Ex-1005.
Moreover, Davies had been cited by others around the time of its publication, Ex-
1048, Ex-1047, demonstrating those interested had access and knew where to find

it.
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filters” to resize reference images (Davies, 4 (§3.2)), which can be applied during
Wiegand’s inter-prediction process. Id., 7 (§4.4.1.1) (proposing changes to Wiegand
§ 8.4.2.1.6).

3. Fimoff

Fimoff is a U.S. patent that was filed on December 15, 1999, and issued on
September 30, 2003. Fimoff is prior art under at least pre-AIA §102(b).

Fimoff first discusses the MPEG-2 standard—a precursor to MPEG-4 and
HEVC—that was dominant in Fimoff’s time. Ex-1003, q9101-02. At that time,
television networks were transitioning from standard-definition signals to high-
definition signals (id.), which was enabled in-part by MPEG-2’s ability to encode
video “over a wide range of resolutions, including higher resolutions.” Fimoft, 1:25-
28. Fimoff provides a high-level overview of the MPEG-2 encoding process. 1d.,
1:48-3:36.

Fimoff recognized that “[i]n order to permit people to use their existing
[standard-definition] televisions so as to view HDTV transmitted programs, it [was]
desirable to provide a decoder that decodes high resolution MPEG-2 encoded data
as reduced resolution video data.” Id., 3:37-47. That way, “a down converting
decoder would allow the viewing of HDTYV signals without requiring viewers to buy

expensive HDTV displays.” Id.
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Accordingly, Fimoff discloses “a down converting decoder for down
converting and decoding high resolution encoded video for display by a lower
resolution receiver.” Id., 1:16-19. To accomplish this, Fimoff receives an incoming
high-definition video-image signal, which is downsampled and reconstructed as a
lower-resolution, standard-definition image. See, e.g., id., 7:66-8:3, Fig. 5; Ex-1003,
9103. This standard-definition image is then stored in memory as a “reference” that
can be used to predict subsequent images in the video. Fimoff, Fig. 5, 18:15-19; Ex-
1003, 9103.

When predicting a subsequent image, however, there is a mismatch between
the high-definition images being sent by the encoder and the standard-definition
reference images stored in the decoder’s memory. See, e.g., Fimoft, 4:5-15, 19:21-
27; Ex-1003, 9104. To account for this mismatch, Fimoff upsamples the standard-
definition reference images back into high-definition images so that the high-
definition motion vectors provided by the encoder can be associated with the correct
pixel(s) of the standard-definition reference image. Fimoff, 18:6-19, 19:22-31, Fig. 7;
Ex-1003, 9105. After applying the motion vectors, the predicted image is then
downsampled back to standard definition and combined with an also-downsampled

residual to produce the final reconstructed image in standard definition. Fimoff,

20:25-36, 20:60-21:14, 30:34-38; Ex-1003, 4106. This final, standard-definition,
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reconstructed image is then saved to memory as the next reference frame, and
displayed on legacy televisions. See, e.g., Fimoff, Fig. 5.

As part of the prediction process, Fimoff explains that the decoder performs
“prediction up sampling, linear interpolation [for motion compensation], and
prediction down sampling...[in] a single operation.” Id., 21:15-17. Moreover, the
filtering process is performed in both the horizontal (rows of pixels) and vertical
(columns of pixels) direction. /d., 30:20-38, Fig. 5; Ex-1003, 4107.

4. Claim 1
a. Element 1[pre]

To the extent limiting, the combination of Wiegand and Davies renders
element 1[pre] obvious.

As to a “decoding method,” Wiegand discloses a “[d]ecoding process” that
“[o]utputs...decoded samples of the current picture.” Wiegand, 84 (§8); Ex-1003,
19223-25.

Wiegand further discloses that its decoding process is “of a binary stream.”
Specifically, Wiegand explains that the “[i]nputs to this process are NAL units”
(Wiegand, 85 (§8.1)), which constitute a “bitstream.” Wiegand, 16 (§3.11) (defining
“bitstream” as “[a] sequence of bits that forms the representation of coded
pictures .... Bitstream is a collective term used to refer either to a NAL unit stream

or a byte stream.”) (emphasis added); see also id., 27 (§6.1); Ex-1003, 99227-28. A
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POSITA would have understood that a bitstream is the claimed “binary stream”
because “bits” are binary values transmitted together as part of a “stream” of data.
Ex-1003, 99226, 229.

Further, Wiegand discloses that its decoding process “reconstruct[s] a current
block of a current image from a reference block of a reference image,” as claimed.
Ex-1003, 9230. Specifically, Wiegand’s decoding process reconstructs a current
image on a block-level basis from a reference image by using an “inter prediction
mode.” Wiegand, 109 (§8.4); Ex-1003, 9234. Wiegand explains that “inter coding”
refers to “[c]oding of a block, macroblock, slice, or picture that uses inter prediction.”
Wiegand, 18 (§3.47); see also, e.g., id., 117 (showing an example inter prediction
process using blocks). “Inter prediction,” in turn, is defined as “[a] prediction
derived from decoded samples of reference pictures other than the current decoded
picture.” Id., 18 (§3.48); see also id., 19 (§3.88) (defining “reference picture” as
“contain[ing] samples that may be used for inter prediction in the decoding process
of subsequent pictures[.]”); Ex-1003, 9234. A POSITA therefore would have
understood that Wiegand’s “inter prediction mode” refers to the reconstruction of a
current block using a block from a reference image because the current block is being
“predicted” based on a block from a reference image. Ex-1003, §9231-36.

Wiegand also discloses that reconstructed reference images are stored in a

decoded picture buffer. See, e.g., Wiegand, 17 (§3.30) (defining “decoded picture
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buffer” as “[a] buffer holding decoded pictures for reference....”), 221 (providing an
example flow chart of a decoder picture buffer feeding reference frames to the
“Id]Jecoding process”); Ex-1003, 9237. Similarly, Davies recognized that reference
pictures are stored (in the buffer), and did not propose altering this aspect of Wiegand.
Davies, 3 (§3). A POSITA would have understood that Wiegand’s decoding process
uses a decoded picture buffer to store reconstructed pictures as reference frames. Ex-
1003, 9237.

Although Wiegand discloses a decoding process in which a current block of a
current image 1s reconstructed from a reference block of a reference image, Wiegand
does not expressly disclose reconstructing a current block based on “a reference
image...at a different size from the size of said current image,” as claimed. Ex-1003,
9238.

Davies, however, proposes amending Wiegand to expressly include this
feature. Davies, 4 (§4) (noting “[v]arious modifications to the current Working Draft
(WD) [3] are needed,” with “[3]” being Wiegand); Ex-1003, 9239. Specifically,
Davies recognizes that because “streaming [video] over packet[] networks
frequently require that the encoded stream adapt to changing network conditions,”
Davies, 2, Wiegand should be amended to allow different-sized frames to be sent
from the encoder to the decoder to allow the system to “adapt seamlessly to adverse

network conditions.” id., 1, 2 (§1). In other words, Davies teaches a system that
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would transmit full-resolution frames when there is enough network capacity
available and lower-resolution frames when network capacity is constrained
(because lower-resolution frames require less data). Ex-1003, 99240-41.

But because a decoder in “inter prediction mode” uses already-reconstructed
reference frames to reconstruct new frames, under Davies’s proposal, a smaller
frame may be used to reconstruct a bigger frame, and vice versa. Id., §9242-45.
Davies therefore proposes further modifying Wiegand to allow frames to be
“predicted across resolutions by re-scaling reference pictures.” Davies, Abstract; Ex-
1003, 99243-44. More particularly, Davies proposes using “separable down- and up-
scaling filters...for prediction” (Davies, 4 (§3.2)) so that smaller reference frames
would be “upscaled” to increase their size, and bigger reference frames would be
“downscaled” (e.g., downsampled) to decrease their size, to match the size of the
current frame being decoded. Ex-1003, 49244-45.

A POSITA would have been motivated to modify Wiegand’s inter-prediction
decoding process to receive different sized frames, and then to resize (i.e., resample)
those being used as reference frames as needed to reconstruct subsequent, different-
sized frames, as taught by Davies. Ex-1003, 9246. This was the express purpose of
Davies. See Davies, 4 (§4), 11 (expressly proposing to modify Wiegand as
described). Video quality could therefore be maximized without undue delay, even

in “adverse or varying network conditions.” Davies, 2 (§1); Ex-1003, 9246.
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A POSITA would have had a reasonable expectation of success in making this
modification because Davies had already proposed the exact changes needed to
Wiegand’s system. Davies, 7. These changes would have involved computer coding
to operate on simple data structures, such as arrays, which would have well been
within the skill of a POSITA. Ex-1003, 9247.

b. Element 1[a]

The combination of Wiegand, Davies, and Fimoff renders element 1[a]
obvious.

To start, although the claims use abbreviations “GFH” and GFv,” the
specification explains that these are just shorthand for a “single filter,” one applied
in the horizontal (GFH) direction, and another applied in the vertical (GFv) direction.
See, e.g., Ex-1001, 5:58-62 (“[T]he horizontal filters MCIFy and SCFy are grouped
into a single filter GFz,” and same for vertical); Ex-1003, 49248-49.

As discussed in Section V.B.4.a (1[pre]), combining Wiegand and Davies
would have allowed video streams to adapt to changing network resource
availability. Ex-1003, 9250. But those in the art were also aware of another problem:
that the buffer used to store reference frames is limited and at risk of being
overloaded. /d., 9251-254. Although Davies describes sending a decoder different-

sized frames and then resizing them as needed when used as reference frames,
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Davies did not describe in detail how the reference frames are stored at the decoder.
ld.

Upon combining Wiegand and Davies, a POSITA would have recognized that
Davies’s resampling process would not alter Wiegand’s separately disclosed
motion-compensation-interpolation process; the two operations would be performed
separately. See Davies, 7 (§4.4.1.2) (modifying only §8.4.2.2.1 of Wiegand);
Wiegand, 124-30 (§8.4.2.2.2) (describing motion-compensation-interpolation
process); Ex-1003, 9251. Thus, although the combination would have already had
all the pieces necessary to predict current frames based on different-sized reference
frames (i.e., a resampling filter and motion-compensation-interpolation filter), the
combination would not solve the known problem of limited buffer capacity. Ex-1003,
9254. A POSITA would therefore have looked for additional ways to modify
Wiegand and Davies to avoid Davies’s resampling operation from further
overloading the buffer. /d., §255.

A POSITA would have recognized, however, that controlling buffer size
when decoding a current frame based on a different-sized reference had already been
solved in older video codecs. /d. Fimoff, for instance, adapted MPEG-2 to display
high-definition video content on legacy, standard-definition displays. Fimofft, 3:37-
47; Ex-1003, 9255. Fimoff was thus also concerned with resizing video images based

on resource availability. Fimoff, Abstract (“An MPEG encoded interlaced high

- 49 -



U.S. Patent 10,250,877
IPR2026-00195

definition video stream is decoded and down converted to lower resolution by an
MPEG decoder with a reduced amount of reference picture memory.”) (emphasis
added); Ex-1003, 99261, 263.

Fimoff recognized that, because the sizes of reference and current frames
differed, the reference frame would need to be resampled to match the size of the
current frame for prediction purposes. See, e.g., Fimoff, 4:16-27; Ex-1003, 9256.
However, to avoid storing resampled reference frames in memory, Fimoff combined
the resampling and motion-compensation-interpolation filter operations into one.
Fimoff, 21:15-17 (“prediction up sampling, linear interpolation [(for motion
compensation)], and prediction down sampling can be combined into a single
operation.”), 24:24-28; see also id., 2:1-13 (explaining “linear interpolation” refers
to the motion compensation process); 5:21-26 (noting others had combined these
operations as well); Ex-1003, 44257-61.

To accomplish this, Fimoff describes how the decoder receives full-resolution
(high-definition) motion vectors and a residual signal from the encoder, consistent
with conventional decoders. See, e.g., Fimoff, 2:7-19, Fig. 5; Ex-1003, 4257. The
decoder then converts the full-resolution motion vectors to low-resolution (Fimoff,
30:11-24) and locates pixels in the low-resolution reference image that are needed
for prediction. Ex-1003, 9258. Once identified, the relevant pixel regions of the low-

resolution reference image are pulled from memory and upsampled to high
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definition so that the full-resolution motion vectors received from the encoder can
be applied to the correct pixels in the (now upsampled) reference image. See Fimoff,
18:6-19, 19:22-31, Fig. 7; Ex-1003, 99258-59. But because Fimoff wants to always
output a standard-definition video, the predicted block is downsampled again to
produce a standard-definition output. See, e.g., Fimoff, 21:10-14, Fig. 7; Ex-1003,
9260. Fimoff explains that this process uses two different filters—a horizontal filter

and a vertical filte—that apply to pixels in a given direction. See, e.g., Fimoft,

30:31-34; Ex-1003, 9259.
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Figure 10

In other words, Fimoff’s motion compensator (104) performs both resizing
and motion-compensation-interpolation using a single filter in at least one (vertical)
direction, while storing only one size of the reference image in memory. Ex-1003,
9260. And Fimoff explains how the single, combined vertical filter would be applied

successively on the columns of pixels of the reference block, as claimed. See, e.g.,
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Fimoft, 30:31-34 (explaining the “vertical filter operator [PL] is...applied to each
column of pixels as they are received from the horizontal prediction filter”).
Although Fimoff does not expressly say so, a POSITA would have known that
Fimoff’s horizontal filter is applied successively to lines of pixels as well because
this was conventional for horizontal filters. Ex-1003, §259; see, e.g., Sita, §123; Ex-
1050, 430 (“applying a horizontal deblocking filter to each set 630 of eight
horizontally arranged pixels”), Fig. 6C.

Accordingly, a POSITA would have been motivated to modify Wiegand and
Davies’s decoder to combine its separate resampling and motion-compensation-
interpolation filter operations into a “single filter,” like Fimoff, to avoid overloading
the buffer with multiple versions of the same reference frame at different sizes. Ex-
1003, 99262-63, 265. By combining the two, computational resources would be
conserved by avoiding the routing of a decoded signal through separate resampling
and motion compensation interpolation filters and/or to/from memory multiple times.
1d., 9263.

A POSITA would have also had a reasonable expectation of success in making
this modification because Fimoff provided a description and equations to implement
the resampling and motion-compensation filters as one—which simply involve
combining separate, known mathematical processes into a single mathematical

operation. Ex-1003, 9264. In other words, the modification would have required only

-52 -



U.S. Patent 10,250,877
IPR2026-00195

familiarity with computer programming to implement a single, combined
mathematical operation to calculate a resampled and motion-compensation
interpolated reference image, which would have been within the ordinary skill level
of those in the art. /d.

c. Element 1[b]

Wiegand discloses, or at least renders obvious, element 1[b].

Wiegand explains that a “residue” or “residual” is just the “difference between
a prediction of a sample or data element and its decoded value.” Wiegand, 20 (§3.95);
Ex-1003, 99266-68. In other words, the residue captures any remaining differences
between a predicted image and the actual image, which makes the reconstructed
image more accurate. Ex-1003, 9267. To that end, Wiegand discloses a “[d]ecoding
process for coding units coded in inter prediction mode consists of...[t]he decoding
process for the residual signal of coding units coded in inter prediction mode[.]”
Wiegand, 109 (§8.4); Ex-1003, 9268. Wiegand further provides details and
examples regarding how the residue is decoded. See Weigand, 130-33 (§8.4.3); Ex-
1003, 9268.

Moreover, as discussed above, the use of residue blocks in image decoding
and reconstruction was well-known, and the *877 Patent did not improve upon it.
See §V.A.3.c (Ground 1, 1[b]). Accordingly, a POSITA would have appreciated that

Wiegand teaches the use of residuals in image decoding. Ex-1003, 99269-70.
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d. Element 1|c¢]

The combination of Wiegand, Davies, and Fimoff renders element 1[c]
obvious.

As explained in Sections V.B.4.a (1[pre]) and V.B.4.b (1[a]), the combination
of Wiegand, Davies, and Fimoff teaches generating a predicted, “motion
compensated reference block™ as claimed by resampling and motion compensating
a block from a different-sized reference image. See also Ex-1003, 49271-72. And as
explained in Section V.B.4.c (1[b]), Wiegand discloses decoding a residual block of
the current block. See also id.

For element 1[c], Wiegand discloses reconstructing a current block from a
residual block and a motion-compensated reference block. In Wiegand, to
reconstruct an image, the predicted, motion-compensated reference block is first
determined (pursuant to §§8.4.1 and 8.4.2). Wiegand, 109 (§8.4, steps 1); see also
id., 110 (§8.4.1 directing to follow §8.4.2); see also, generally, id., 111-30
(describing calculation of motion compensation). Next, the residue of the block is
decoded (pursuant to §8.4.3). Id., 109 Finally, a picture-reconstruction process is
followed. Id. (step 4); see also Ex-1003, 9273. This is consistent with Fimoff’s
reconstruction process. See Fimoff, 30:34-38 (explaining how a current block is
reconstructed by combining the motion-compensated reference block that was

output by the horizontal/vertical filters with a residual block); Ex-1003, 274.
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A POSITA would have understood that a current block is reconstructed by
adding the residue block to the predicted, motion-compensated reference block to
account for any “difference between a prediction...and its decoded value.” Wiegand,
20 (§3.95); Ex-1003, 99273-74. This reconstruction process—combining a motion-
compensated reference block and a residue block—was well known before the *877
Patent, and a POSITA would have found it obvious to continue using that process
when basing predictions on reference images of different sizes than the current block.
Ex-1003, 9274.

e. Element 1[d]

The combination of Wiegand, Davies, and Fimoff renders element 1[d]
obvious.

As explained in Section V.B.4.b (1[a]), the combination of Wiegand, Davies,
and Fimoff teaches “applying...a single vertical filter GFv successively...on the
columns of pixels of said reference block™ as claimed. Section V.A.3.e (Ground 1,
1[d]) further provides a discussion of the meaning of this claim element. Fimoff
teaches a single vertical filter (154) comprising a vertical motion compensation
interpolation filter (MCIFv) and a vertical resampling filter (SCFv)), with the
resampling filter applied first as part of a joint operation. Fimoff, 20:60-64 (“up
sampling must be followed by ' pixel linear interpolation”), 21:52-54 (same),

21:15-17 (“Vertical prediction up sampling, linear interpolation, and prediction
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down sampling can be combined into a single operation”), 21:55-60 (same); see also
id., 20:1-24, 22:47-65, 23:5-24:5, 24:6-55, 30:25-38; see also generally id., 20:31-
21, 21:28-67; 877 Patent, 5:57-67; Ex-1003, 49275-77.

Even though Fimoff teaches the use of a last-stage downsampling filter to
convert the predicted frames from a high-definition to a standard-definition format
to be displayed on standard-definition televisions (Fimoff, 21:10-27), a POSITA
would have further understood that the additional downsampling operation (term d0
in Equation 66) would be unnecessary in the combination of Wiegand and Davies.
Ex-1003, 9278. Wiegand and Davies concern adaptively resizing frames throughout
a video sequence in response to changing network conditions, not outputting a
consistent, standard-definition video like Fimoff. /d. Therefore, a POSITA would
have known that Wiegand and Davies’s combined decoder would perform a
resampling operation only to align the motion vectors of a current frame with the
pixels of a reference frame if the two were different sizes; Fimoff’s final
downsampling operation would be unnecessary. /d.

A POSITA would have understood that these filters are “applied jointly” in
the context of the ’877 Patent (which appears only in the claims). See Ex-1001.
During prosecution, the Applicant used the phrase “applied jointly” to mean “applied
using a single filter.” Ex-1002, 281; Ex-1003, 9277. Fimoff teaches that a single

vertical filter would apply a resizing filter operation and motion compensation
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interpolation filter operation jointly as part of a “single operation.” See Fimoft,
21:15-17, 21:55-60.

And for the reasons discussed above, it would have been obvious to combine
Wiegand’s and Davies’s separate filters into one, just like Fimoff. See §V.B.4.b
(1[a]); Ex-1003, 9279.

f. Element 1]e]

The combination of Wiegand, Davies, and Fimoff renders element 1[e]
obvious.

Element 1[e] recites a substantially similar limitation as element 1[d], but
describes the particulars of the horizontal filter (first referenced in 1[a]) instead of
the vertical filter (1[d]). As explained in Section V.B.4.e (1[d]), Fimoff teaches the
recited requirements for the single vertical filter. A POSITA would have also
understood, or found it obvious, that those same teachings apply to the horizontal
filter. Ex-1003, 99280-94.

Specifically, Fimoff describes that “[h]orizontal prediction filtering occurs in
the horizontal prediction filter 152.” Fimoff, 30:22-25. Fimoff also shows a

“horizontal prediction filter” (152) in Figure 10, which is reproduced below:
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Although Fimoff describes its vertical filter in substantial detail—including
its inclusion of a resizing and motion compensation interpolation operation—Fimoff
provides less detail about the inner workings of the horizontal filter. Ex-1003, 4281.
But a POSITA would have known—or at least found it obvious—that Fimoff’s
horizontal filter would perform a resampling and interpolation operation as well to
avoid distorting an image by resampling it in only one direction and accounting for
motion-vector components in only one (vertical) direction. Ex-1003, 44283-89.

As such, a POSITA would have understood that not only could Wiegand’s
and Davies’s separate resampling and motion-compensation-interpolation filter
operations be combined, as taught by Fimoff, but that they could also be applied in
a vertical and horizontal direction separately, as also suggested by Fimoff. Ex-1003,
19285-89; see §V.B.4.e (1[d]). Performing these operations as separate horizontal

and vertical filters—also known as one-dimensional (1D) filters—was known in the

- 58 -



U.S. Patent 10,250,877
IPR2026-00195

art. Ex-1003, 99290-94. A POSITA would have also been motivated to apply a joint
filter in the horizontal direction as well to avoid having to store resized images in
the buffer between the resizing and motion-compensation operations, as discussed
in Section V.B.4.b (1[a]).

And for the reasons discussed above, it would have been obvious to combine
Wiegand’s and Davies’s separate filters into one, just like Fimoff. See §V.B.4.b
(1[a]); Ex-1003, 9294.

g. Element 1[f]

The combination of Wiegand, Davies, and Fimoff renders element 1[f]
obvious.

As explained in Section V.B.4.a (1[pre]), Wiegand discloses a “decoded
picture buffer” to store reference frames. See also Ex-1003, 49295-96. However, as
discussed in Section V.B.4.b (1[a]), limited buffer memory was a known problem,
and a POSITA would have been motivated to apply Fimoff’s teachings to the
combination of Wiegand and Davies to address that problem. /d., §296. Moreover,
a POSITA would have recognized that combining the resampling/motion-
compensation filter operations would achieve “reduced memory in [the] decoder
loop.” Fimoff, Title; Ex-1003, q9261-62, 296.

Specifically, Fimoff discloses a decoder that includes “memory 106.” Fimoft,

30:15-22. A POSITA would have understood this “memory” constitutes a “decoded
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picture buffer” because it serves the same function. Ex-1003, 4297. Furthermore,
during prosecution of the ’877 Patent, the Applicant had analogized the claimed
“decoded picture buffer” to a prior-art “reference frame store” (Ex-1002, 237),
which the prior art defined as “any type of memory or data storage device to store
video blocks reconstructed from previously encoded blocks” (Ex-1017, 10:3-6; Ex-
1003, 9297).

Although the data entering the decoder represents high-definition images, the
decoder is not reconstructing frames in high definition and therefore does not store
them that way. See Fimoff, Fig. 5 (showing only “[r]educed resolution reference
pictures” stored in memory 106). Instead, during reconstruction, the images undergo
a downsampling operation to reduce them to standard-definition before they are
stored in memory as reference frames. Id. Figure 5 of Fimoff (annotated) is

reproduced below:
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As Figure 5 shows, the combined resampling/motion-compensation-
interpolation filter (104) obtains the “reduced resolution reference pictures” from
memory (106), which is a “reconstructed reference image” as claimed (because it is
an image that has been reconstructed and stored in memory as a reference). Ex-1003,
9298. When predicting the current (high-definition) frame from the “reduced
resolution reference picture,” the relevant pixels from the reference picture are
upsampled in the combined resampling/motion-compensation-interpolation filter
(within 104, see Fimoff Fig. 10), without ever storing the upsampled version of the
“reduced resolution reference picture” in memory. Ex-1003, 9298. Instead, after
upsampling, applying the motion vectors, and performing a final downsampling

operation, the output of the combined resampling/motion-compensation-
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interpolation filter (104) is a predicted standard-definition image, which is added to
a standard-definition residual that is output by a separate downsampling module
(102). Id. Fimoff explains that only that fully reconstructed, downsampled image
(after the residual is added) is stored in memory as the next “reduced resolution
reference picture.” Fimoff, 18:15-17. In other words, only the final, “reconstructed
reference images are stored in...memory,” just as the 877 Patent describes. Ex-1001,
5:44-52; Ex-1003, 99297-98. The combined resampling/motion-compensation filter
(104) never provides a different-sized version of the existing reference frame to
memory. Ex-1003, 9298.

Accordingly, a POSITA would have recognized that not only did Fimoff not
store any resized versions of a reference image in memory, but there was also no
need to do so because the resampling and motion-compensation-interpolation
operations are combined. Ex-1003, 9299. A POSITA therefore would have
understood that, upon modifying Wiegand and Davies to combine these operations
(like Fimoff) “no resampled version of [a] reconstructed reference image is stored
in the decoded picture buffer,” as claimed. /d.

5. Claim 4

The combination of Wiegand, Davies, and Fimoff renders this claim obvious

as a whole.
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Wiegand’s working draft of the HEVC standard (like the final draft) focuses
on the decoder, not the encoder. See Wiegand, 5-8 (dedicating §8 to the “Decoding
process,” but no similar section for the encoding process); Ex-1003, 44300-01. That
is because coding standards provide the syntax for bitstreams and how those
bitstreams need to be decoded—ensuring that any standard-compliant incoming
signal could be decoded by any standard-compliant decoder. Ex-1003, 4301. Exactly
how the standard is implemented at the encoder is less relevant, as long as the
encoder produces as its output a signal that fits within the specifications of the
decoder in the standard. /d.

Encoders typically perform many of the same processes as the decoder, just
in reverse. Ex-1003, 4302; see also, e.g., Fimoff, 2:47-50 (“The decoding process
implemented by the MPEG-2 decoder 30 can be thought of as the reverse of the
encoding process implemented by the MPEG-2 encoder 10.”). In other words, where
the encoder takes an image and applies a series of operations to convert the image
into a bitstream, the decoder takes the bitstream and reverses the encoder’s
operations to reconstruct the image again. Ex-1003, §9302-03. In fact, the prior art
had long recognized that having the encoder and decoder produce identical reference
images was critical for predictive coding; otherwise, decoders risked “drifting”
further from the prediction parameters the encoder was using, producing poor

reconstruction results. Ex-1003, 4304; see, e.g., Ex-1032, 1 (“the input signals to the
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predictor at the encoder and the reduced resolution decoder can diverge [called
‘drift’], resulting in a loss of signal quality.”); Fimoff, 7:62-65 (building in
“minimum drift prediction filtering” operations to avoid drift).

Accordingly, because Wiegand, Davies, and Fimoff collectively provide a
process for decoding a bitstream to reconstruct a block of a current image based on
a different-sized reference block, implementing this process in reverse at the encoder
would been obvious to a POSITA. Ex-1003, 49305-07.

a. Element 4[pre]

To the extent limiting, the combination of Wiegand and Davies render
element 4[pre] obvious. See §§V.B.4.a (1[pre]), V.B.5 (claim 4, generally); Ex-1003,
919308-09.

b. Element 4|a]

Generally, the combination of Wiegand, Davies, and Fimoff render
element 4[a] obvious. See §V.B.4.b (1[a]). But the implementation of Wiegand,
Davies, and Fimoff at the encoder requires one further consideration.

Specifically, Wiegand and Davies together describe a decoder that can process
different-sized frames sent from an encoder in response to changing network
conditions. See §V.B.4.a (1[pre]); Ex-1003, 9311. And Fimoff teaches using a
combined resampling/motion-compensation-interpolation operation when a decoder

receives different-sized reference images at the decoder, which a POSITA would
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have recognized would reduce the burdens on Wiegand’s image buffer. See §V.B.4.b
(1[a]); Ex-1003, 99310-12.

Although Fimoff focused on the decoder so that incoming high-definition
signals would be consistently converted to standard-definition images to support
legacy television sets, a POSITA would have appreciated that, when combined with
Wiegand, it would have been further obvious to combine the resampling/motion-
compensation-interpolation operations at the encoder as well. Ex-1003, 4313.

A POSITA would have understood that encoders are essential for predictive
coding to calculate the motion vectors and residual in the first instance. See generally,
Ex-1003, 9944-45, 49, 314; see, e.g., Fimoff, 1:48-64 (describing how an MPEG-2
encoder contains a “motion estimator [that] compares each new macroblock to be
encoded with the macroblocks in a reference picture previously stored in a reference
picture memory 16,” and subtracts the predicted block from the original image to
calculate the residual). But unlike Fimoff, an encoder consistent with Wiegand and
Davies would not consistently transmit the same (high-definition) sized images, and
would instead adaptively resize images at the encoder to adapt to changing network
conditions. Ex-1003, 4313. For this reason, just like the decoder, the encoder would
need to encode current images using different-sized reference images when the

encoder needs to change resolutions in response to network conditions. Ex-1003,

19313-14.
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A POSITA also would have appreciated that the buffer memory at the encoder
is limited, just like the decoder. Ex-1003, §313. A POSITA therefore would have
further been motivated to incorporate Fimoff’s combined resampling/interpolation
filter for the same reasons a POSITA would use Fimoff’s combined filter at the
decoder: to avoid overloading that buffer. Ex-1003, 9314; see §V.B.4.b (1][a]).
Moreover, it was understood to use as close to the same filtering operations as
possible at both the encoder and decoder to avoid drift. Ex-1003, q314.

For this reason, it would have been obvious to not only combine the
resampling/motion-compensation-interpolation filter operations at the decoder (like
Fimoff), but also at the encoder when implementing the combination of Wiegand
and Davies. Ex-1003, q9313-14.

c. Element 4[b]

Wiegand discloses, or at least renders obvious, element 4[b].

Wiegand discloses that, for encoding, a “prediction residual” is calculated
after estimating and accounting for the motion vectors. Wiegand, 14. A POSITA
would have understood that Wiegand’s residue is therefore calculated from the
current block and the predicted, motion-compensated reference block because that
is how residuals are conventionally determined in predictive coding. Ex-1003,
19315-16; see also Fimoff, 1:48-2:6 (explaining how “motion estimator 14 reads this

matching macroblock...out of the reference picture memory 16 and sends it to the
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subtractor 12 which subtracts it...from the new macroblock entering the MPEG-2
encoder 10. The output of the subtractor 12 is an error, or residual, that represents
the difference between the predicted macroblock and the new macroblock being
encoded.”).

d. Element 4|c]

Wiegand discloses, or at least renders obvious, element 4[c].

Wiegand discloses that, for encoding, a “prediction residual” is “compressed
using a transform...before it is quantised,” which is then combined with the motion
vectors “and encoded using either variable length coding or arithmetic coding.”
Wiegand, 14. A POSITA would have understood that by referring to “variable length
coding or arithmetic coding,” Wiegand discloses encoding the residue block into a
binary stream because that is how digital data is conventionally processed and
encoded. Ex-1003, 99317-20; see also Fimoft, 2:13-19 (“The [residual] data encoded
by the coder 22 are combined with the motion vector data...and the combined data
are transmitted to a receiver that includes an MPEG-2 decoder 30.”).

e. Element 4[d]

The combination of Wiegand, Davies, and Fimoff render element 4[d]
obvious. See §§V.B.4.e (1[d]), V.B.5 (claim 4, generally); Ex-1003, 9321.

f. Element 4|e]
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The combination of Wiegand, Davies, and Fimoff render element 4[e]
obvious. See §§V.B.4.f (1[e]), V.B.5 (claim 4, generally); Ex-1003, §322.

g. Element 4[f]

The combination of Wiegand, Davies, and Fimoff render element 4[f] obvious.
See §§V.B.4.g (1[f]), V.B.5 (claim 4, generally); Ex-1003, 9323.

6. Claim 7
a. Element 7[pre]

To the extent limiting, Wiegand discloses, or at least renders obvious, element
T[pre].

Wiegand discloses that the working draft HEVC standard was intended to
address a need “for higher compression of moving pictures for various applications
such as videoconferencing, digital storage media, television broadcasting, internet
streaming, and communication.” Wiegand, 13. Wiegand envisions that it would
allow for “motion video to be manipulated as a form of computer data and to be
stored on various storage media, [and] transmitted and received over existing and
future networks.” Id. Accordingly, a POSITA would have understood or found it
obvious that Wiegand’s decoding process was intended for computers, which would

have required at least a computer processor and memory that constitutes a circuit.

Ex-1003, 99324-27; see §1V (Claim Construction).
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b. Element 7|a]

The combination of Wiegand and Davies renders element 7[a] obvious. See
§V.B.4.a (1[pre]); Ex-1003, 4328.

c. Element 7[b]

The combination of Wiegand, Davies, and Fimoff renders element 7[b]
obvious. See §V.B.4.b (1[a]); Ex-1003, 4329.

d. Element 7|c]

Wiegand discloses, or at least renders obvious, element 7[c]. See §V.B.4.c
(1[b]); Ex-1003, 9330.
e. Element 7|d]

Wiegand discloses, or at least renders obvious, element 7[d]. See §V.B.4.d
(1[c]); Ex-1003, q331.
f. Element 7|e]

The combination of Wiegand, Davies, and Fimoff renders element 7[e]
obvious. See §V.B.4.e (1[d]); Ex-1003, 9332.

g. Element 7[f]

The combination of Wiegand, Davies, and Fimoff renders element 7[f]

obvious. See §V.B.4.f (1[e]); Ex-1003, 9333.

- 69 -



U.S. Patent 10,250,877
IPR2026-00195

h. Element 7[g]

The combination of Wiegand, Davies, and Fimoff renders element 7[g]
obvious. See §V.B.4.g (1[f]); Ex-1003, 4334.

7. Claim 8
a. Element 8[pre]

To the extent limiting, Wiegand discloses, or at least renders obvious, element
8[pre]. See §§V.B.5 (claim 4, generally) (encoder), V.B.6.a (7[pre]) (circuit); Ex-
1003, 4335.

b. Element 8|a]

The combination of Wiegand and Davies renders element 8[a] obvious. See
§V.B.4.a (1][pre]), V.B.5 (claim 4, generally); Ex-1003, 4336.

c. Element 8[b]

The combination of Wiegand, Davies, and Fimoff renders element &[b]
obvious. See §V.B.4.b (1[a]), V.B.5 (claim 4, generally); Ex-1003, 4337.

d. Element 8|c]

Wiegand discloses, or at least renders obvious, element 8[c]. See §V.B.5.c

(4[b]); Ex-1003, 9338.
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e. Element 8[d]

Wiegand discloses, or at least renders obvious, element &[c]. See §V.B.5.d
(4[c]); Ex-1003, 4339.
f. Element 8[e]

The combination of Wiegand, Davies, and Fimoff renders element §e]
obvious. See §V.B.4.e (1[d]), V.B.5 (claim 4, generally); Ex-1003, 9340.

g. Element 8|[f]

The combination of Wiegand, Davies, and Fimoff renders element §[f]
obvious. See §V.B.4.f (1[e]), V.B.5 (claim 4, generally); Ex-1003, q341.

h. Element 8[g]

The combination of Wiegand, Davies, and Fimoff renders element §[g]
obvious. See §V.B.4.g (1[f]), V.B.5 (claim 4, generally); Ex-1003, 9342.

C. Ground 3: Obviousness over Wiegand in view of Davies and Sita

Ground 3 differs from Ground 2 in a single respect: it relies on Sita’s teachings
of the resampling/motion-compensation-interpolation filter rather than Fimoff,
because a POSITA would have found either reference in combination with Wiegand
and Davies renders the claims obvious. Ex-1003, 99343-44. Accordingly, this
Ground addresses only the claim elements related to motion compensation (elements
1[a], 4[a], 7[b], and 8[b]), the particular filters (elements 1[d]-[e], 4[d]-[e], 7[e]-[f],

8[e]-[f]), and the frame memory (elements 1[f], 4[f], 7[g], and 8[g]) because only
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those elements rely on Fimoff’s teachings. To the extent Fimoff was cited in other
elements of Ground 2 to support a POSITA’s general understanding of the art—see,
e.g., §V.B.4.d (citing Fimoff to show the conventional nature of reconstructing
current images using a residual)—Sita provides that same support, as discussed with
respect to each element in Ground 1.

1. 1[a], 4[a], 7[b], and 8[b]

As discussed in Ground 2, a POSITA would have recognized that the
combination of Wiegand and Davies would have resulted in a system that may
perform resampling and motion-compensation interpolation separately, such that
resampled versions of reference images may need to be stored in the reference buffer
that may already be at risk of overloading. See §V.B.4.b (Ground 2, 1[a]); Ex-1003,
99345-46. However, a POSITA would have known that, not only did Fimoff already
solve this problem, but so had Sita in a similar way. Ex-1003, §346.

Specifically, Sita (like Fimoff) teaches a decoder that takes incoming high-
definition signals to produce a standard-definition decoded video. See Sita, q92-3,
66-67. And Sita (like Fimoff) uses standard-definition reference images to
reconstruct high-definition images (id., §487-89) and acknowledges one benefit of
this is a “considerable reduction of memory required for storing reference images,”
id., §83. And Sita (like Fimoff) teaches a process of resampling reference images to

match the resolution of the incoming (high-definition) signal to accurately apply the
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motion vectors used to predict the current image from the reference. Id., §988-89.
However, (unlike Fimoff) Sita is not concerned with the details of resampling
interlaced video, and Sita expressly recognizes the motion-compensation process
can be performed by using separate horizontal and vertical filters. /d., 495. At base,
Sita teaches a process to motion compensate reference blocks that have a different
size as the current image by applying a single horizontal and vertical filter to the
lines and columns of pixels in the reference block, as claimed. See §V.A.3.b (Ground
1, 1[a]); Ex-1003, q347.

Accordingly, a POSITA would have been motivated to modify Wiegand and
Davies’s decoder to combine its separate resampling and motion-compensation-
interpolation filters into a “single filter,” like Sita, to avoid overloading the buffer
with multiple versions of the same reference frame at different sizes. Ex-1003, §348.
By combining the two, computational resources would be conserved by avoiding the
routing of a decoded signal through separate resampling and motion compensation
interpolation filters and/or to/from memory multiple times. /d.

Once again, a POSITA would have had a reasonable expectation of success
in making this modification because Sita already provided all of the equations to
implement the filters as one, which would have required only familiarity with

computer programming within the ordinary skill level of those in the art. /d., 4349.

-73 -



U.S. Patent 10,250,877
IPR2026-00195

2. 1[d]-[e], 4[d]-[e], 7[e]-[f], 8[e]-[f]

As explained in Sections V.A.3.e (Ground 1, 1[d]) and V.A.3.f (Ground 1,
1[e]), Sita teaches the particular arrangement of a single vertical and horizontal filter,
such that each performs a resampling operation and motion-compensation-
interpolation operation, applied jointly. And as explained in Section V.C.1, a
POSITA would have found it obvious to combine the separate resampling and
motion-compensation-interpolation operations taught by Wiegand and Davies to
avoid needing to store resampled reference images in the buffer, as taught by Sita.
Therefore, a POSITA would have found these elements obvious as well based on the

combination of Wiegand, Davies, and Sita. Ex-1003, 49350-51.

3. 1f], 4[f], 7g], and 8|g]

As explained in Section V.A.3.g (Ground 1, 1[f]), Sita teaches a process of
jointly performing a resampling and motion-compensation-interpolation operation
without needing to store a resampled version of the reconstructed reference image
in a buffer. Accordingly, a POSITA would have recognized that not only did Sita
not store any resized versions of a reference image in memory, but there was also no
need for Sita to do so because the resampling and motion-compensation operations
are combined in a single operation. Ex-1003, 99352-53. A POSITA therefore would

have understood that, upon modifying Wiegand and Davies to combine these
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operations (like Sita) “no resampled version of [a] reconstructed reference image is
stored in the decoded picture buffer,” as claimed. /d.

VI. CONCLUSION

Inter Partes Review of the Challenged Claims is respectfully requested.
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