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LISTING OF CLAIMS

[1.P]

A moving picture encoding system comprising:

[1.1]

a first encoder configured to work on a subsequence of a sequence
of moving pictures with a standard resolution to implement a first

combination of processes for an encoding and a decoding to create
a first sequence of encoded bits and a set of decoded pictures with
the standard resolution;

[1.2]

a first super-resolution enlarger configured to work on the
subsequence of the sequence of moving pictures with the standard
resolution to implement an interpolation of pixels with a first
enlargement to create a set of super-resolution enlarged pictures
with a first resolution higher than the standard resolution;

[1.3]

a first resolution converter configured to work on the set of super-
resolution enlarged pictures to implement a process for a first
resolution conversion to create a set of super-resolution enlarged
and converted pictures with a standard resolution;

[1.4]

a second super-resolution enlarger configured to acquire the set of
decoded pictures with the standard resolution from the first
encoder to work on the sequence of decoded pictures to
implement an interpolation of pixels with a second enlargement to
create a set of super-resolution enlarged decoded pictures with a
second resolution higher than the standard resolution;

[1.5]

a second resolution converter configured to work on the set of
super-resolution enlarged decoded pictures to implement a process
for a second resolution conversion to create a set of super-
resolution enlarged and converted decoded pictures with a
standard resolution; and

[1.6.i]

a second encoder configured to: have the set of super-resolution
enlarged and converted pictures from the first resolution converter
as a set of encoding target pictures, the set of decoded pictures
from the first encoder as a set of first reference pictures, and the

viil
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set of super-resolution enlarged and converted decoded pictures
from the second resolution converter as a set of second reference
pictures,

[1.6.i]

select one of the set of first reference pictures and the set of
second reference pictures to create reference picture selection
information to identify the set of selected reference pictures to
implement a second process for encoding to create a second
sequence of encoded bits based on the set of encoding target
pictures and the set of selected reference pictures, and implement
a third process for encoding for the reference picture selection
information to create a sequence of encoded bits of the reference
picture selection information,

[1.7]

[5.1]

wherein the set of encoding target pictures, the set of first
reference pictures, and the set of second reference pictures have
the same value in spatial resolution.

The moving picture encoding system according to claim 1,
wherein the first super-resolution enlarger comprises: a positioner
configured to work in a processing for superresolution
enlargement, on a combination of a base picture constituting a
base therein and one or more observation pictures to be based on,
to make a positioning to pixel positions of a desirable high
resolution, for an interval-unequal sampling to create
nonhomogeneous high resolution pictures;

[5.2]

an interpolator configured to work on nonhomogeneous high
resolution pictures created at the positioner, to implement a
process for a prescribed nonhomogeneous interpolation to create
interpolated pictures with a desirable high resolution;

[5.3]

an estimated picture creator configured to acquire interpolated
pictures created at the interpolator, to implement thereon a process
for a prescribed reconstruction to create estimated pictures with a
desirable resolution; and

1X
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[5.4]

Claim 6
[6]

Claim 10
[10]

Claim 8
[8.P]

a repetition determiner configured to acquire a nonhomogeneous
high resolution picture from the positioner and a nonhomogeneous
estimated picture from the estimated picture creator, for
employment of the acquired pictures to follow a prescribed
determination method to determine whether or not a repetition of
the processing for super-resolution enlargement is necessary, and
work depending on a result thereof, to operate as the repetition is
necessary, to provide the interpolator with information for a
control to continue the processing, and operate as the repetition is
unnecessary, to provide the estimated picture creator with
information for a control to output a set of estimated pictures with
a high resolution after super-resolution enlargement.

The moving picture encoding system according to claim 1, further
comprising a multiplexer configured to operate complying with a
prescribed syntax structure to multiplex the first sequence of
encoded bits from the first encoder, the second sequence of
encoded bits from the second encoder, and information on
encoding parameters of respective types used in the encoding at
the first encoder and the encoding at the second encoder.

The moving picture encoding system according to claim 1,
wherein the second encoder divides an encoding target picture
into a plurality of regions to select one of the set of first reference
pictures and the set of second reference pictures for each divided
region.

8. A moving picture encoding method comprising:

[8.1]

a step of implementing a first combination of processes for an
encoding and a decoding on a sequence of moving pictures with a
standard resolution, creating a first sequence of encoded bits and a
set of decoded pictures with the standard resolution;
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[8.2]

a step of implementing an interpolation of pixels with a first
enlargement on the sequence of moving pictures with the standard
resolution, creating a set of super-resolution enlarged pictures
with a first resolution higher than a standard resolution;

[8.3]

a step of implementing a process for a first resolution conversion
on the set of super-resolution enlarged pictures, creating a set of
super-resolution enlarged and converted pictures with a standard
resolution;

[8.4]

a step of acquiring the set of decoded pictures with the standard
resolution to work on the sequence of decoded pictures to
implement an interpolation of pixels with a second enlargement to
create a set of super-resolution enlarged decoded pictures with a
second resolution higher than the standard resolution;

[8.5]

a step of working on the set of super-resolution enlarged decoded
pictures to implement process for a second resolution conversion
to create a set of super-resolution enlarged and converted decoded
pictures with a standard resolution; and

[8.6.]

a step of: having the set of super-resolution enlarged and
converted pictures as a set of encoding target pictures, the set of
decoded pictures as a set of first reference pictures, and the set of
super-resolution enlarged and converted decoded pictures as a set
of second reference pictures,

[8.6.i]

selecting one of the set of first reference pictures and the set of
second reference pictures to create reference picture selection
information to identify the set of selected reference pictures to
implement a second process for encoding to create a second
sequence of encoded bits based on the set of encoding target
pictures and the set of selected reference pictures, and
implementing a third process for encoding for the reference
picture selection information to create a sequence of encoded bits
of the reference picture selection information,

[8.7]

wherein the set of encoding target pictures, the set of first
reference pictures, and the set of second reference pictures have
the same value in spatial resolution.

X1
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[9.P]

A recording medium storing a moving picture encoding program
comprising a non-transitory computer-readable medium
configured to have a computer execute:

[9.1]

a step of implementing a first combination of processes for an
encoding and a decoding on a sequence of moving pictures with a
standard resolution, creating a first sequence of encoded bits and a
set of decoded pictures with the standard resolution;

[9.2]

a step of implementing an interpolation of pixels with a first
enlargement on the sequence of moving pictures with the standard
resolution, creating a set of super-resolution enlarged pictures
with a first resolution higher than the standard resolution;

[9.3]

a step of implementing process for a first resolution conversion on
the set of super-resolution enlarged pictures, creating a set of
super-resolution enlarged and converted pictures with a standard
resolution;

[9.4]

a step of acquiring the set of decoded pictures with the standard
resolution from the first encoder to work on the sequence of
decoded pictures to implement an interpolation of pixels with a
second enlargement to create a set of super-resolution enlarged
decoded pictures with a second resolution higher than the standard
resolution;

[9.5]

a step of working on the set of super-resolution enlarged decoded
pictures to implement a process for a second resolution conversion
to create a set of super-resolution enlarged and converted decoded
pictures with a standard resolution; and

[9.6.]

a step of: having the set of super-resolution enlarged and
converted pictures as a set of encoding target pictures, the set of
decoded pictures as a set of first reference pictures, and the set of
super-resolution enlarged and converted decoded pictures as a set
of second reference pictures,

[9.6.i]

selecting one of the set of first reference pictures and the set of
second reference pictures to create reference picture selection

Xii
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information to identify the set of selected reference pictures to
implement a second process for encoding to create a second
sequence of encoded bits based on the set of encoding target
pictures and the set of selected reference pictures, and
implementing a third process for encoding for the reference
picture selection information to create a sequence of encoded bits
of the reference picture selection information,

[9.7]

wherein the set of encoding target pictures, the set of first
reference pictures, and the set of second reference pictures have
the same value in spatial resolution.

Xiii
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Apple Inc. (“Apple” or “Petitioner”) petitions for Inter Partes Review
(“IPR”) of claims 1, 5-6, and 8-10 (“the Challenged Claims™) of U.S. Patent No.
10,218,995 (“the *995 patent”).

L. REQUIREMENTS FOR IPR UNDER 37 C.F.R. § 42.104
A.  Grounds for Standing Under 37 C.F.R. § 42.104(a)

Petitioner certifies that the *995 Patent is available for [PR. This Petition is
being filed within one year of service of a complaint against Apple. Apple is not
barred or estopped from requesting review of the Challenged Claims on the

grounds identified below.

B. Challenge Under 37 C.F.R. § 42.104(b) and Relief
Requested

Apple requests institution of IPR and cancellation of the Challenged Claims

based on the following grounds:

Ground Claims 35 U.S.C. § 103
1A 1, 6,8-10 Phek in view of YuChuan and He
1B 1, 5-6, 8-10 Phek in view of YuChuan, He, and
Martins

Grounds 1A-1B are further supported by the expert analysis of Mr. David B.
Lett (APPLE-1003) and additional corroborating evidence cited throughout the
Petition.

The *995 Patent claims earliest priority to Japanese Application No. 2008-
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142433, filed on May 30, 2008. APPLE-1001, Cover. Petitioner does not concede
that the Challenged Claims are entitled to the benefit of the filing date of any
earlier-filed application in the alleged priority chain, but this Petition nonetheless
treats May 30, 2008 as the Critical Date of the Challenged Claims for purposes of
this IPR. Each reference that forms the basis of Grounds 1A-1B qualified as prior

art even as early as May 30, 2008:

Reference U.S. Filing Date  Publication Date Pre-AIA Prior Art

Phek 12/06/2007 §102(a)
YuChuan 01/16/2004 08/12/2004 §102(a)-(b), (¢)
He 12/06/2006 06/12/2008 §102(e)
Martins 09/2002 §102(a)-(b)

Petitioner also submits evidence demonstrating that Martins was published
by IEEE well before the Critical Date of the *995 Patent. See IPR2014-00527,
Paper 41, 11 (PTAB May 18, 2015) (“IEEE is a well-known, reputable compiler
and publisher of scientific and technical publications.”). Ms. June Munford, an
expert librarian, reviewed MARC records and a physical copy of the IEEE journal
in which Martins published, which confirms that Martins was available to the
interested public before the Critical Date. APPLE-1029, 496-9, 14-18; generally
id., Y91-19; see also APPLE-1070, -1071, -1072 (corresponding exhibits reviewed

by Ms. Munford).
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C. Claim Construction

All claim terms should be construed according to the Phillips standard.
Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005); 37 C.F.R. §42.100.
Petitioner submits that no formal constructions are presently necessary for
purposes of demonstrating obviousness of the Challenged Claims based on
Grounds 1A-1E. Wellman, Inc. v. Eastman Chem. Co., 642 F.3d 1355, 1361 (Fed.
Cir. 2011) (“claim terms need only be construed to the extent necessary to resolve
the controversy”) (internal quotations omitted).

Petitioner reserves the right to respond to any constructions offered by
Patent Owner or adopted by the Board. Petitioner is not conceding that the
Challenged Claims satisfy all statutory requirements, nor is Petitioner waiving any
arguments concerning indefiniteness or claim scope that can only be raised in
district court or otherwise outside the context of an IPR. IPR2018-00272, Paper
35, 6-8 (PTAB 2019). The Board has regularly compared indefinite claims to the
prior art for purposes of considering unpatentability. See, e.g., CBM2013-00027,
Paper 33, 3 (PTAB 2014); CBM2013-00013, Paper 61, 29 (PTAB 2014). For this
Petition, Petitioner applies prior art in a manner consistent with disclosure of the
claimed features in the *995 Patent itself and Patent Owner’s allegations of

infringement before the district court.
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D. Level of Ordinary SKkill in the Art

A person of ordinary skill in the art relating to the subject matter of the 995
Patent as of the Critical Date (“POSITA”) would have had at least a bachelor’s
degree in computer science, electrical engineering, computer engineering, or a
related field, with 2-3 years of experience in digital video processing, or a related
field. APPLE-1003, q940-42. Additional graduate education could substitute for
professional experience, and vice versa. Id.

II. THE *995 PATENT
A.  Technical Background

The *995 Patent'- describes compressive video coding technology, including

the application of “super-resolution” processing to enhance “reference pictures” in

' The 995 Patent sometimes uses the term “resolution” to refer to the amount of
detail (e.g., information content) in a picture and at other times uses the term
“resolution” to refer to the size (e.g., number of pixels) in the picture. APPLE-
1003, 9925-27. The meaning is context dependent. /d.

2 Common forms of layered, hierarchical coding include multi-view coding (e.g.,
for stereoscopic video) and scalable coding for transmission of multiple streams
differentiated by signal-to-noise ratio, frame rate, and/or spatial resolution.

APPLE-1003, 928-33
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a video coding system. The claimed subject matter is directed to a predictable
collection of conventional video coding features that were well known to a
POSITA before the Critical Date. APPLE-1003, 9925-27, §1I.

B.  Brief Description
APPLE-1003, 428-33.

C. Examination History

The *995 Patent issued from a U.S. application (14/692,138), filed on April
21, 2015, by JVC Kenwood Corporation. APPLE-1001, face. The *995 Patent
claims priority to several earlier-filed applications, the earliest being May 30,
2008. Id. APPLE-1003, 934.

During prosecution, the Examiner issued four Office Actions rejecting the
claims as obvious over combinations involving Phek® (APPLE-1005) in view of
Holcomb (APPLE-1024), Barkley (APPLE-1025), and Suzuki (APPLE-1026).
APPLE-1002, 273-296 and 300-325 (first action and response), 207-228, 230-255
(second action and response), 131-150 and 154-179 (third action and response),
58-105 (fourth action and response), 9-19 (notice of allowance). APPLE-1003,

q35.

3 The file history refers to a machine translation of the Phek prior art reference by

the name “Ong” rather than Phek.
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Throughout examination, the Examiner repeatedly found that Phek discloses
most of the examined claim limitations but relied on additional references for
disclosure of a “first resolution converter”” and “second resolution converter,” for
example. APPLE-1002, 88-91, 165-167. Although the Examiner stated that Phek
“does not explicitly disclose a first resolution converter,” the Examiner nonetheless
observed that “the use of resolution converters for multi-resolution encoding and
decoding to enhance current and reference frames and to implement resampling of
pixels was well known in the art at the time of the invention was made as evidence
from the teaching of Holcomb.” APPLE-1002, 89 (citing APPLE-1024, 3:3-12,
3:56-64, 7:23-48, FIGS. 2-3). The applicant never disputed the Examiner’s finding
in this regard. APPLE-1003, 936.

The Examiner likewise acknowledged that Phek and Holcomb “do not
explicitly disclose a second resolution converter” as claimed and relied on
Barkley’s teaching of “spatial enhancement layers” for this limitation. APPLE-
1002, 90-91 (citing APPLE-1025, [0053]-[0056]). The applicant also never
disputed the relevance of Barkley’s teachings in this regard. APPLE-1003, 937.

In the fourth and final rejection before allowance, the Examiner asserted that
Barkley teaches the use of two sets of reference pictures as recited by the then-
pending language of the “second decoder” limitation in claim 23. APPLE-1002,

91. The Examiner specifically asserted that Barkley disclosed reference picture
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selection features since Barkley’s system “selectively decode[s] video information
from the base layer and one or more enhancement layers to playback or reproduce
the video information at a desired level of quality.” Id. (citing APPLE-1025,
[0005], FIGS. 1, 3, 5-8). In response, the applicant amended claims to require
reference picture selection “based on reference picture selection information.”
APPLE-1002, 65-66 (emphasis added). The applicant argued that “Barkley
(newly-cited) only encodes information on a plurality of layers” and “[t]hus,
Barkley’s device fails to disclose a technique for selecting one of two kinds of
reference pictures and fails to suggest using any such reference picture selection
information to identify the selected reference picture.” APPLE-1002, 62
(emphasis in original). The Examiner subsequently allowed the application and
identified the “second decoder” limitation (including the added requirement for
“reference picture selection information”) in the reasons for allowance. Id., 17-18.
APPLE-1003, 938.

The file history contains no indication that the Examiner ever considered
Phek’s teachings in combination with the teachings of YuChuan, He, or Martins as
set forth in Grounds 1A-1B of this Petition. If these combinations had been
considered, the application never should have been allowed. Infra, §1V. APPLE-
1003, 939.

III. THE CHALLENGED CLAIMS ARE UNPATENTABLE
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A. [GROUND 1A] — Phek in view of YuChuan and He Renders

Claims 1, 6, and 8-10 Obvious

1.

Phek Overview

Phek discloses a video coding system that uses “[i]nterlayer prediction ...

for hierarchical encoding in order to improve encoding efficiency.” APPLE-1005,

[0014]. “One example of hierarchical encoding that uses interlayer prediction is ...

scalable video encoding.” Id. Phek’s interlayer coding system includes a basic

layer and an enhanced layer, where “an intra image of the basic layer or a

reconstructed image of the basic layer” is used “as an additional reference image

for encoding the image of the enhanced layer.” Id. Moreover, “super-resolution

processing ... is used to improve these additional reference images” from the basic

layer. Id.; see also id., [0011]-[0020], FIGS. 1a-1b, 3a-3b, 4a-4b, 5.
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APPLE-1005, FIG. 4a (modified and annotated)*; APPLE-1003, 944.
2. YuChuan Overview

YuChuan describes techniques for reconstructing “enhanced-resolution
images” from multiple low-resolution images using an improved iterative “super-
resolution algorithm.” APPLE-1055, Abstract, [0016], [0018]; APPLE-1003, 945.
YuChuan’s super-resolution enhancement technique involves (1) well-chosen
initial interpolation, (2) robust image registration, and (3) automatic image
selection, followed by optional post-processing for further image enhancement.

APPLE-1055, Abstract, [0015], [0017]. APPLE-1003, 45.

* For improved readability, Petitioner has added labels to the boxes in Phek’s
figures using text of the labels that are external to the boxes in the certified English
translation. See APPLE-1005. Petitioner also notes that the English translations of
Phek (APPLE-1005 and -1031) use the terms “base” and “basic” layers (or
streams) interchangeably, and further use the terms “extended,” “enhanced,” and
“enhancement” layers (or streams) interchangeably. This Petition cites and quotes
disclosure from the certified translation that uses different ones of these terms, but
this Petition typically refers simply to “base” and “enhancement” layers (or
streams) consistent with common usage of these terms in the field. APPLE-1003,

4.
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YuChuan’s process begins by storing a set of M low-resolution images, from
which one is selected as a prototype, and interpolating extra pixels based on a user-
defined magnification factor to create an initial high-resolution (super-resolution)
estimate. APPLE-1055, [0019]-[0033]. YuChuan teaches creating a super-
resolution image by employing interpolation techniques like third-order (cubic)
interpolation during the initial guess phase to estimate high-resolution pixel values
from neighboring low-resolution pixels, balancing computational complexity and
reconstructed image quality. APPLE-1055, [0043]-[0046]; APPLE-1003, 946.

YuChuan’s prototype image is iteratively refined by a process of down-
sampling, comparison with the stored low-resolution images, and adjustment of
pixel values until desired resolution is achieved. APPLE-1055, [0019], [0035]—
[0038]. See also, APPLE-1055, [0047]-[0056], [0057]-[0062]. The result of this
iterative process — the interpolated prototype image whose pixel values have

converged to a satisfactory result — is referred to as the enhanced-resolution image

(i.e., a super-resolution enlarged image). APPLE-1055, [0019]; APPLE-1003, 947.

10
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Image registration is performed by calculating translations between the
prototype and the remaining low-resolution images, using global matching for
stationary scenes and local matching for moving objects. APPLE-1055, [0047]-
[0056], [0057]-[0062]. Automatic image selection is then used to identify the most
relevant images for inclusion in the reconstruction process, thereby reducing
unnecessary computational overhead. APPLE-1055, [0034], [0063]-[0065];

APPLE-1003, 948.

N

FIG.5C FIG.5D

APPLE-1055, FIGs. 5SA-D; see also, id., FIGs. 4A-4B, 6A-D, 8A-D.
Third-order interpolation can be used for the initial guess, balancing

computational efficiency and image quality. APPLE-1055,[0046]. YuChuan’s

12
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method produces high-quality enhanced-resolution images, with significant
reductions in computation time when automatic image selection is used. APPLE-
1055, [0067], [0070]-[0071]; APPLE-1003, 949.

3. He Overview

He discloses techniques for selective in-loop filtering in a scalable video
coding system. APPLE-1003, q9166-169. He specifically focuses on selective in-
loop deblock filtering to control deblock filtering parameters at each layer of
scalable coding hierarchy. APPLE-1008, [0002]-[0006], [0022], [0028], [0032]-
[0037], FIGS. 1-4; APPLE-1003, 9950-54.

According to He, “[t]he deblocking filter enhances the decoded picture
quality and increases the encoding efficiency by removing the block effects in the
boundary of each 4x4, 8x8, and/or 16/16 block,” although “[t]he deblocking filter[]
... also consumes a significant amount of power and processing cycles.” APPLE-
1008, [0006]. “Disabling the entire deblocking filter [] provides a significant
reduction of computational complexity and power consumption, especially in the
decoder of a video processing system.” Id., [0028]. He thus proposes techniques
for examining “the content of the video information ... to determine whether to
disable the deblock filtering,” e.g., based on “a characteristic indicative of a

relative amount of content complexity and/or a relative amount of motion of the

13
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video information” and “also based on power savings considerations.” Id., [0028],
[0037].

FIG. 2 (reproduced below) depicts a video decoder 200 configured to
implement selective deblock filtering. APPLE-1008, [0032], FIG. 2. The decoder
200 receives a coded bitstream (BTS) and performs prediction and reconstruction
operations to decode at least a portion of a picture, thereby generating “unfiltered
reconstructed frame information URF’.” Id., [0032]. URF’ is provided to a
deblocking filter 211, controlled by a deblock control circuit 221. Id., [0033]-
[0034]. Deblock control circuit 221 issues a “decoder filter control DFC signal”
that selectively enables or disables the deblocking filter 211. Id., [0034]. When
filter 211 1s disabled, deblock filtering operations are bypassed and “URF’ is
passed as the ‘filtered’ reconstructed information RF’ to a reference frame buffer
213 for use as a reference picture for motion-compensated prediction processes.
Id. When filter 211 is enabled, URF" is filtered to generate RF’ for use as a
reference picture in the motion compensated prediction processes. Id.

FIG. 1 (also reproduced below) shows the corresponding encoder 100 that
He further explains “provides control information within the bitstream BTS to
cause the deblock control circuit 221 of the video decoder 200 to provide the DFC
signal to adaptively disable deblock filtering for a corresponding slice or frame of

URF’ information being processed in the video decoder 200.” Id.

14
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APPLE-1008, FIG. 2 (annotated); APPLE-1003, 9950-54.

He thus provides a conventional solution for selecting between reference
pictures in a video coding prediction process. The coder can select to use an
enhanced reference picture by activating the in-loop (deblocking) filter or select a
non-enhanced reference picture by disabling the in-loop (deblocking) filter. A
POSITA also would have understood He’s teachings to be just one example of a
class of prior art techniques for selecting among different types of reference
pictures to optimize coding efficiency and performance. APPLE-1003, 454;
APPLE-1046, [0131], [0253], FIGs. 6, 12, 15 (describing additional known
techniques for selecting among different reference pictures in a

hierarchical/scalable coding system); APPLE-1003, 4950-54.

4. Combination of Phek, YuChuan, and He

Like the *995 Patent, Phek discloses a layered video coding system that
processes decoded base layer pictures to create reference pictures for the prediction
of pictures in an enhancement layer. Supra, §II.A-B. While Phek’s disclosure
focuses on details of a super-resolution algorithm used to enhance decoded base
layer pictures, Phek’s description of the layered coding system itself (which uses
the proposed super-resolution algorithm) is less detailed. Indeed, Phek

acknowledges that its encoder/decoder descriptions are “simplified” and “do not

16
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have to be performed as shown.” APPLE-1005, [0013]. Phek’s system is thus ripe
for improvement; APPLE-1003, 955.

As described below, a POSITA reviewing YuChuan and He would have
found it obvious to improve Phek’s layered coding system in at least the following
ways. APPLE-1003, 9955-76.

(a) Obvious based on Phek to form an

enhancement layer video input by super-
resolution processing a base layer video input

Phek teaches that “Fig. 4a and Fig. 4b are two block diagrams showing use
of a super-resolution processing device for intra-layer prediction in, respectively,
an encoding device (encoder) and decoding device (decoder).” APPLE-1005,
[0014]. According to Phek, “[i]nterlayer prediction is used for hierarchical
encoding in order to improve encoding efficiency” and “[o]ne example of
hierarchical encoding that uses interlayer prediction is ... known as scalable video
encoding.” Id. As shown in FIG. 4A, “[a] basic layer image sequence is encoded
using a basic layer encoding processing device 402” and “[a]n enhanced layer
image sequence is encoded using an enhanced layer encoding processing device
412,” where “[t]he enhanced layer encoding processing device 412 uses interlayer
prediction to reduce redundancy between the enhanced layer and the basic layer,
thereby improving encoding efficiency compared to encoding performed using

only an enhanced layer.” Id.

17
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APPLE-1005, FIG. 4A.
To the extent Phek does not expressly describe how the enhanced layer
image sequence encoded by enhanced layer encoding processing device 412 is
formed, it would have been obvious for the enhanced layer image sequence to be

formed by applying super-resolution processing to the base layer image sequence.’

> Any conventional super-resolution processing technique would be suitable for
this purpose, including Phek’s super-resolution processing or Yu-Chuan’s super-
resolution processing. APPLE-1005, [0016]-[0020]; APPLE-1055, [0030]-[0071];
cf-, APPLE-1001, 22:38-23:21 (’995 Patent explaining that “any such super-

resolution” process known in the art may be applied); APPLE-1003, 9955-63.

18
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APPLE-1003, 9957-58. Multiple reasons would have prompted a POSITA to
apply Phek’s super-resolution processing to the base layer image sequence to
generate the enhanced layer image sequence. APPLE-1003, q58.

First, a POSITA would have recognized Phek’s super-resolution processing
technique as a known and beneficial option for enhancing the quality of a video
stream. It therefore would have been obvious and beneficial to generate an
enhanced layer image sequence to achieve Phek’s express goal of obtaining such
an enhanced layer image sequence for encoding. APPLE-1003, 959. Indeed, Phek
specifically teaches that its “super-resolution processing method ... improves the
... quality of image sequences” while “reduc[ing] grid artifact[s]” in the enhanced
images. APPLE-1005, (57); see also id., [0002] (“Super-resolution processing is a
technique for generating high-resolution images from a plurality of low-resolution
images. This technique can be used ... to improve the resolution and quality of the
imputed image sequences to be displayed.”), [0003] (“improved by repeatedly
subjecting [an estimated frame] to blurring, frame difference, point spreading
inverse function, regularization, and refinement processing”), [0011] (“present
invention uses a super-resolution processing device 320 to improve the quality and
resolution of reference frames™), [0013] (“super-resolution processing can be used
in encoders and decoders to improve encoding efficiency or picture quality”).

Considering the quality- enhancements offered by super-resolution processing—

19
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which are expressly touted in Phek—super-resolution processing would have been
obvious to use in forming an enhanced layer image sequence that could be encoded
by the enhanced layer encoding processing device 412. APPLE-1003, 959.
Second, a POSITA would have recognized that applying super-resolution
processing to the base layer image sequence to produce an enhanced layer image
sequence for encoding is consistent with Phek’s multiple teachings for applying
super-resolution processing before encoding/compression. APPLE-1003, 960. To
this point, Phek explains that “[w]hen super-resolution processing is used in
recording devices ..., the resolution and quality of images subject to transcoding
and storage can be improved.” APPLE-1005, [0002] (emphasis added). Phek also
discloses with respect to FIG. 2 that super-resolution processing can be used in a
“pre-processing device” that obtains an uncompressed image sequence D254 and
that thereafter applies super-resolution processing to produce a super-resolution
image sequence D266 that can be displayed, stored, or compressed (which a
POSITA would have understood to include encoding). APPLE-1005, [0010]
(“[c]ompression may also be used”), FIG. 2; APPLE-1003, 960. Thus, even if
Phek does not specifically discuss details of the enhanced layer image sequence
encoded by the system shown in FIG. 4A, Phek does expressly disclose how a
source image sequence D254 akin to the base layer image sequence of FIG. 4A can

be enhanced by super-resolution processing and subsequently encoded. /d. In this
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context, a POSITA naturally would have understood and found it obvious to apply
an enhancement technique like that expressly disclosed in Phek (i.e., super-
resolution processing) to obtain an enhanced layer image for encoding by the
layered encoding system of FIG. 4A. Boston Scientific Scimed, Inc. v. Cordis
Corp., 554 F.3d 982, 991 (Fed. Cir. 2009) (““Combining two embodiments
disclosed adjacent to each other in a prior art patent does not require a leap of
inventiveness”); APPLE-1003, 960.

Third, a POSITA would have sought to form the enhanced layer image
sequence by applying super-resolution processing to the base layer image sequence
to produce an enhanced layer image sequence that is related to the base layer
image sequence. APPLE-1003, 961. The relationship between the two image
sequences would have improved coding efficiency because the layered coding
system removes significant redundances between the base layer image sequence
and the enhanced layer image sequence during coding. Id.; APPLE-1005, [0014].
Super-resolution processing also has the effect increasing the quality (e.g.,
information content, signal-to-noise ratio (SNR)) of an input image sequence,
which is a characteristic of enhancement layer image sequences that are commonly
differentiated between layers of a scalable video coding system like that disclosed
in Phek. APPLE-1005, (57), [0002]-[0004], [0011], [0013]; APPLE-1010, 1104

(“The usual modes of scalability are temporal, spatial, and quality scalability.”),
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1103; APPLE-1003, 961. A POSITA thus would have recognized super-resolution
processing as a beneficial technique for generating an enhanced layer image
sequence that could be suitably encoded by a layered/scalable coding system as
taught in Phek. APPLE-1003, 961.

Fourth, a POSITA would have sought to form the enhanced layer image
sequence based on super-resolution processing to overcome limitations that may
have suppressed the quality of the original input video (base layer image
sequence). APPLE-1003, 962. For example, the original input video may have
been under-sampled or subject to movement or vibration that caused blurring or
other quality degradations in the image sequence of the input video. APPLE-1003,
962. Super-resolution processing would have been obvious and beneficial to
enhance the quality of the original video such that the video could be later coded,
decoded, and viewed with enhanced quality. APPLE-1055, [0012] (“an enhanced-
resolution output image and can then be easily observed and recognized.”);
APPLE-1012, 2 (“In the process of recording a digital image, there is a natural loss
of spatial resolution caused by the optical distortions (out of focus, diffraction
limit, etc.), motion blur due to limited shutter speed, noise that occurs within the
sensor or during transmission, and insufficient sensor density .... Thus, the
recorded image usually suffers from blur, noise, and aliasing effects. ... [T]he

main concern of an SR algorithm is to reconstruct HR images from undersampled
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HR images,” while also “cover[ing] image restoration techniques that produce high
quality images from noisy, blurred images.”); APPLE-1003, 962. Moreover, by
performing super-resolution at the encoding system before compression and
storage or transmission of the video, the viewer’s device would beneficially be
capable of reproducing the video at a higher quality simply by decoding the
enhancement layer stream, without need to further apply super-resolution post-
processing to a decoded version of the base layer image sequence at the
receiver/viewing device. Id.; see also APPLE-1007, 804-805 (describing super-
resolution post-processing performed at the receiver/viewing device ).

Fifth, a POSITA would have found it obvious to generate Phek’s enhanced
layer image sequence by applying super-resolution processing to the base layer
image sequence because doing so merely entails the predictable application of
known technique (e.g., super-resolution processing) to a known system (e.g.,
Phek’s layered coding system) to achieve predictable results. KSR Int’l Co. v.
Teleflex Inc., 550 U.S. 398, 417 (2007) (a supposed invention that “simply
arranges old elements with each performing the same function it had been known
to perform” is obvious). “It’s enough... to show that there was a known problem...
in the art, that [another known teaching] ... helped address that issue, and that
combining the teachings of ... wasn’t beyond the skill of an ordinary artisan.

Nothing more is required to show a motivation to combine under KSR.” Intel Corp.
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v. PACT XPP Schweiz AG, 61 F.4th 1373, 1380-81, (Fed. Cir. 2023). Here, Phek
and the *995 Patent both confirm that super-resolution processing was a known
technique and the implementation of such techniques was well within the
capability of a POSITA. APPLE-1005, [0016]-[0020]; APPLE-1001, 22:38-23:21
APPLE-1003, 963. A POSITA would have reasonably expected success using
super-resolution to enhance image quality for the enhanced layer image sequence
in Phek’s system, especially since such super-resolution techniques were well

known and commonly implemented by the Critical Date. Id.
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(b) Obvious based on YuChuan to downscale
super-resolution enlarged images to the original

(standard) resolution of the base layer image
sequence

As discussed above, it would have been obvious to apply super-resolution
processing to enhance the quality of the base layer input video stream as part of a
process for forming an enhancement layer input video stream. Supra, §111.A.4.(a);
APPLE-1003, 964. Phek likewise discloses the use of super-resolution processing
to enhance the quality of decoded base layer images provided as reference pictures
for interlayer prediction by the enhanced layer encoding processing device 412.
APPLE-1005, [0014]-[0015], FIGS. 4a-4b; see also id., [0011]-[0013], FIGS. 3a-
3b. The effect of applying super-resolution processing is typically two-fold—(1) it
enhances image quality by interpolating additional information into the image
based on other images of the same or similar scene, and (2) it increases the size or
spatial resolution of the image since additional pixels are added to the image. See
e.g., APPLE-1005, (57) “a super-resolution processing method and device that
improves the resolution and quality of image sequences”), [0002] (“improve the
resolution and quality”), [0011] (“improve the quality and resolution”); APPLE-
1055, [0012] (“improve the image quality and resolution); APPLE-1012, 1-3.

While super-resolution processing can produce the dual benefits of enhanced

quality and increased resolution images, it is in some cases desirable merely to
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enhance the quality of images without increasing their resolution . APPLE-1003,
965. For example, a POSITA would have known from background knowledge of
the art that “[a] related problem to SR [super-resolution] techniques is image
restoration, which is a well-established area in image processing applications ... .
The goal of image restoration is to recover a degraded (e.g., blurred, noisy) image,
but it does not change the size of image.” APPLE-1012, 2; see also id.,
(“restoration and SR reconstruction are closely related theoretically, and SR
reconstruction can be considered as a second-generation problem of image
restoration”); APPLE-1067, 7:10-30 (describing super-resolution technique that
produces “output[s] at least at the original resolution” according to a “resolution
factor” that is “predetermined or user-selected on the fly”), 1:12-51, 2:1-15.
Indeed, the coder depicted in FIG. 4a of Phek is a scalable video coding apparatus,
and a well-known form of scalable coding is “quality” scalability (also referred to
as signal-to-noise ratio (SNR) scalability) that involves coding pictures at a higher
quality in the enhancement layer than the base layer—but still coding the base and
enhancement layer pictures at the same spatial resolution. APPLE-1010, 1104
(“With quality scalability, the substream provides the same spatio-temporal
resolution as the complete bit stream, but with a lower fidelity.”); APPLE-1006,
1121 (“[T]he SVC extensions support ... quality scalability (fidelity enhancement

for pictures of the same resolution).”).
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A POSITA seeking to implement a form of quality/fidelity/SNR scalability
in Phek’s system while maintaining the same resolution of images in the base and
enhancement layers would have turned to references such as YuChuan to
understand how the increased resolution of a super-resolution enlarged image
could be reduced to the original (standard) resolution of the base layer image.
APPLE-1003, 966. For example, YuChuan teaches that a super-resolution
enlarged image (e.g., referred to as an interpolated or enhanced-resolution image)
can be decreased by down-sampling the enlarged image. See e.g., APPLE-1055,
[0019] (“The interpolated prototype image is down-sampled N times according to
the respective translations ...”), [0035] (“[S]tep S18 is performed to down-sample,
according to the respective translation ..., the interpolated prototype image ...”),
[0039]-[0042], FIGS. 1, 5A-5D. YuChuan’s down-sampling operation reduces the
size or spatial resolution of the interpolated prototype image (i.e., a super-
resolution enlarged image). YuChuan’s method is performed according to user-
defined magnification factor. APPLE-1055, [0014], [0019], [0031], FIG. 1.

It would have been obvious to implement Phek’s hierarchical coding device
to include a down-sampling as suggested by YuChuan (i.e., a type of downscaler)
to reduce the resolution of the super-resolution enlarged base layer input image
sequence when forming the enhancement layer input image sequence. APPLE-

1003, 967. A POSITA would have been motivated to implement this
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straightforward combination for multiple reasons. /d. For example, downscaling
the super-resolution enlarged base layer input image sequence would be beneficial
to permit the base layer and enhancement layer input image sequences to be
encoded at the same spatial resolution. APPLE-1003, 967. Thus, the base and
enhancement layers would be differentiated by quality alone (rather than both
quality and spatial resolution), which was a common form of scalable coding
before the Critical Date. APPLE-1010, 1104; APPLE-1006, 1121; APPLE-1003,
q67. A POSITA would have appreciated that enhanced spatial resolution (spatial
scalability) would be undesirable for many systems, especially where the base
layer is already coded at a sufficiently high spatial resolution, where the receiver is
incapable of decoding images at a resolution higher than the standard resolution of
the base layer, and/or where the channel bandwidth is limited and unable to
reliably support transmission of an enhancement layer at both a higher quality and
spatial resolution. APPLE-1003, 967. The selection of a spatial resolution for the
enhancement layer would also have been seen as an obvious design choice,
especially since users were commonly provided the option of specifying a desired
magnification factor for super-resolution enlarged images (including a
magnification of 1). APPLE-1055, [0014], [0019], [0031], FIG. 1 (describing
user-defined “magnification factor”); APPLE-1067, 7:10-30 (describing super-

resolution technique that produces “output[s] at least at the original resolution”
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according to a “resolution factor” that is “predetermined or user-selected on the
fly”); APPLE-1007, p. 2 (“The algorithm has two steps. In the first step, a
superresolution version ... of each directly decoded picture is constructed. In the
second step, the super-resolution picture is decimated to the desired format.”), p. 1
(“obtain a sequence of higher fidelity ... in the same format as the directly decoded
one”), FIG. 2 (annotated); see also id., p. 5, §IV (“DECIMATION”); APPLE-
1003, 967. The use of a downscaler to down-convert the resolution of images
before coding, viewing, recording, and the like was exceedingly common and well
known before the 995 Patent. See, e.g., APPLE-1055, [0014], [0019], [0031],
FIG. 1 (describing benefits of down-sampling to facilitate iterative super-resolution
process); APPLE-1007, 2 (“the super-resolution picture is decimated to the desired
format”), 6 (§IV), FIG. 2; APPLE-1068, [0085] (““Once the encoder has chosen a
spatial resolution for a current picture or area within a current picture, the encoder
re-samples the original picture to the desired resolution before coding it.”),
[0082]-[0088], FIGS. 6, 8, 10.

Because the enhancement layer in the Phek-YuChuan system is encoded at
the same (standard) spatial resolution as the base layer, a POSITA also would have
found it obvious to implement a downscaler at the output of Phek’s super-
resolution processing device 410 so that the enhanced reference pictures produced

by the super-resolution processing device 410 would be downscaled to match the
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standard resolution of the base layer. APPLE-1003, 468. Notably, a POSITA
would have appreciated that reference pictures used for interlayer predictions were
ordinarily and commonly scaled to the same size as images in the enhancement
layer for which the reference pictures will be used to predict. See, e.g., APPLE-
1006, §1I (“the width and height of the scaled regions of lower resolution and
higher resolution pictures must have the same scaling ratio”); APPLE-1026, 25:27-
37 (“the resolution converter 205 converts the resolution of the base layer image
signal to the resolution corresponding to the enhancement image signal”); APPLE-
1046, [0128] (“a resolution conversion circuit 3 for subjecting regenerated data ...
to resolution conversion in a way that its resolution becomes equal to that of the
high-resolution image signal”); APPLE-1024, 9:30-35 (“the encoder sets the
resolution for the reference frame (630) before setting the resolution for the current
frame (620)”), 14:40-46 (“the one or more spatial resolution scaling factors are
constrained to be identical to the one or more spatial resolution scaling factors for
the reference”), FIG. 6; APPLE-1068, [0082]-[0088], FIGS. 6, 8, 10. It would
have been obvious to downscale the super-resolution enlarged reference pictures
from super-resolution processing device 410 to maintain the quality enhancements
obtained from super-resolution processing while better facilitating interlayer

prediction by setting the resolution of the reference picture to the resolution of the

enhancement layer. APPLE-1003, 9968-69.
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Finally, the implementation of downscalers in Phek’s device to reduce the
super-resolution enlarged images would have been obvious because it merely
involves the predictable application of a known technique (e.g., downscaling /
resolution conversion) to a known system (e.g., Phek’s layered coding system) to
achieve predictable results. KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007)
(a supposed invention that “simply arranges old elements with each performing the
same function it had been known to perform” is obvious). “It’s enough... to show
that there was a known problem... in the art, that [another known teaching] ...
helped address that issue, and that combining the teachings of ... wasn’t beyond
the skill of an ordinary artisan. Nothing more is required to show a motivation to
combine under KSR.” Intel Corp. v. PACT XPP Schweiz AG, 61 F.4th 1373, 1380-
81, (Fed. Cir. 2023). A POSITA would have reasonably expected success
implementing the combination since down-sampling techniques were well known

and commonly applied by the Critical Date. /d.
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Next, a POSITA would have found it obvious based on He to configure

Phek’s enhanced layer encoding processing device 412 to selectively enable or

disable super-resolution processing and downscaling of reference pictures for

interlayer

As discussed above, it would have been obvious based on Phek and

prediction. APPLE-1003, 970.

YuChuan to perform super-resolution processing and downscaling of reference

pictures used for interlayer prediction in Phek’s hierarchical encoding device.
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APPLE-1005, [0011]-[0015], FIGS. 3a-3b, 4a-4b; APPLE-1007, 1-2, 6; supra,
§III.A.4.(a)-(b). APPLE-1003,971. A POSITA would have understood that the
super-resolution and downscaling operations performed on reference pictures
collectively function as a type of “loop filter,” which will be referred to as a
“super-resolution and downscaling loop filter” (or simply an “SR-D filter”).
APPLE-1003, §71. Like other loop filters known in the art, the Phek-YuChuan-He
SR-D loop filter enhances decoded frames before they are used as a reference for
the prediction of frames in an enhancement layer. Supra, §11.A; APPLE-1022, 10-
11; APPLE-1008, [0006]. As Mr. Lett notes, a wide range of loop filters were
known in the art before the 995 Patent and the SR-D filter in the proposed
combination similarly serves to enhance the quality of reference pictures consistent
with other conventional loop filters. APPLE-1003, 471 (citing APPLE-1078, §IL.F
and generally §§11, V); see also APPLE-1008, [0006] (describing in-loop filter that
“enhances the decoded picture quality and increases the encoding efficiency”);
APPLE-1015, [0068] (explaining that in-loop filters “are placed in the coding loop
(in-loop), so the filtered frames are used as referenced frames for motion
compensation of subsequent coded frames”); APPLE-1011, [0022]-[0023]
(“fidelity enhancement techniques can be performed on the processed data at a
number of stages in the encoder”), FIGS. 2-5; supra, §11.A.

Phek does not explicitly disclose conditions for the use of super-resolution
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processing on reference pictures. As discussed above, however, He explains that
loop filtering can be computationally expensive, and He acknowledges that these
costs may or may not be justified for a given frame depending on the amount of
improvement in decoded image quality and compression realized by loop filtering
as compared to the computational expense and associated latency and power
consumption required to perform loop filtering. Supra, §111.A.3; APPLE-1003,
72. For example, He explains that its in-loop filter “consumes a significant
amount of power and processing cycles” and “[g]enerally speaking, the entire []
filter ... consumes approximately 8% of the computations at the encoder and
approximately 35% at the decoder for H.264/AVC.” APPLE-1008, [0006].
“Disabling the entire [] filter, therefore, provides a significant reduction of power
and processing complexity, especially in the decoder.” Id. To maintain a “desired
tradeoff between video quality and complexity reduction,” He provides control
signals that allow an encoder to selectively enable or disable the loop filter. /d.,
[0069].

Considering these teachings, it would have been obvious to a POSITA to
apply He’s suggestion for selective in-loop filtering to the Phek-YuChuan-He
combination to achieve benefits of the same nature as those expressly disclosed in
He—including to reduce the power consumption, processing time, and

computational complexity of coding frames in the enhancement layer. APPLE-
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1008, [0028], [0031], [0037], [0076], [0069]; APPLE-1003, 473. In the
combination, and based on He’s teaching, control flags in an encoded stream
would similarly indicate whether an in-loop SR-D filter should be applied when
coding a given frame or slice in the enhancement layer. /d.

Although He’s preferred embodiments focus on selective loop filtering in
the context of “deblocking” filters, a POSITA would have appreciated that He’s
teachings are equally applicable to other types of loop filters including SR-D
filtering. APPLE-1003, 474. Indeed, the same concerns that motivated He’s use of
selective “deblocking”-type loop-filters—including computational complexity and
power consumption concerns—are similarly, if not more, applicable to SR-D
filtering, especially since SR-D filtering involves processing of more images and
imposes an even greater computational burden than traditional deblocking filters.
APPLE-1003, 974; APPLE-1007, 6 (describing need to “keep the algorithmic
complexity down”); APPLE-1012, 13 (describing importance implementing “an
efficient [super-resolution] algorithm that reduces the computational cost”).
YuChuan also explains that conventional iterative super-resolution processing
methods can increase “the runtime of image reconstruction ... on the order of
hours” depending on the capabilities of the computer system. APPLE-1055,
[0014]-[0015], [0017], [0071]. Accordingly, a POSITA would have recognized

that it would be beneficial to bypass SR-D filtering when super-resolution
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processing is too costly and/or the improvement in coded picture quality and
compression efficiency achieved by SR-D filtering are too small to justify the
additional processing expense for a given frame or slice. APPLE-1003, q74.

A POSITA also would have known that super-resolution processing is often
most effective to improve the quality of an image when “some relative scene
motions ... exist from frame to frame.” APPLE-1012, 2; APPLE-1003, §75. But
in the absence of motion, or if the lower-resolution images from which the super-
resolution image is constructed are merely “shifted by integer [pixel] units,” then
“no new information can be used to reconstruct” a super-resolution image and
super-resolution processing will be less effective. APPLE-1012, 2; APPLE-1003,
q75. YuChuan also teaches that super-resolution processing works effectively for
“low-resolution image sequences associated with a moving object,” but can be less
important for other content. APPLE-1055, [0070]-[0071] (“the object becomes
more distinct” and “the edges of words are more discernible”), [0043].
Accordingly, when super-resolution processing does not improve the reference
picture significantly, imposes an undue increase in computational load, and/or
when the power consumption required for super-resolution processing is
substantial, it would have been obvious to bypass SR-D filtering based on He’s
teachings for selective in-loop filtering. APPLE-1003, §75. For example,

consistent with He’s teaching to use an unfiltered reference picture when loop
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filtering is disabled, it would have been obvious for the enhancement layer encoder
412 in the combination to use a decoded base layer-frame that has not been SR-D
filtered as a reference picture for inter-layer prediction when conditions dictate that
SR-D filtering is unnecessary or unwarranted. /d.; APPLE-1008, [0026] (“the
unfiltered reconstructed frame information URF is passed as the reconstructed
information RF” when loop filtering is disabled), FIG. 2.

The fact that selective loop filtering was standard in video coders before the
’995 Patent, and that He specifically describes such techniques in a layered coding
system like Phek’s, underscores that a POSITA would have found the combination
obvious, would have been motivated to make the combination, and would have
reasonably expected success. APPLE-1003, 476. Indeed, integration of selective
loop filtering in the Phek-YuChuan-He combination involves no more than the
predictable application of a known technique (e.g., selective in-loop filtering) to a
conventional system having an in-loop filter (e.g., Phek-YuChuan’s hierarchical
encoder) to achieve predictable results. KSR Int’l Co. v. Teleflex Inc., 550 U.S.
398, 417 (2007) (a supposed invention that “simply arranges old elements with
each performing the same function it had been known to perform” is obvious).
“It’s enough... to show that there was a known problem... in the art, that [another
known teaching] ... helped address that issue, and that combining the teachings of

... wasn’t beyond the skill of an ordinary artisan. Nothing more is required to show
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a motivation to combine under KSR.” Intel Corp. v. PACT XPP Schweiz AG, 61
F.4th 1373, 1380-81, (Fed. Cir. 2023). Moreover, a POSITA would have
understood that He’s techniques are representative of a range of conventional
solutions for selecting among different types of reference pictures to optimize
coding efficiency and performance. APPLE-1003, 476; APPLE-1046, [0131],
[0253], FIGs. 6, 12, 15 (describing additional known techniques for selecting
among different reference pictures in a hierarchical/scalable coding system).
Considering the advanced state of the art at the time before the Critical Date of the
’995 Patent, selectively applying SR-D filtering in the combination would have

been an obvious and straightforward technique. APPLE-1003, §76.
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5. Analysis
(a) Claim1
[1.P]

To the extent the preamble is limiting, the Phek-YuChuan-He combination

renders obvious [1.P]. APPLE-1003, q77-86. For example, in FIG. 4a, Phek

illustrates a hierarchical video coding system that encodes moving picture

sequences at a base layer and an enhancement layer. APPLE-1005, [0002], [0014],

FIG. 4a. Phek teaches super-resolution processing as “a technique for generating

high-resolution images from a plurality of low-resolution images.” APPLE-1005,

[0002].
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Phek’s hierarchical video coding system includes a basic layer encoder and

an enhanced layer encoder, with “interlayer intra-prediction processing” using

reconstructed standard-resolution images from the base layer as reference pictures

for encoding the enhanced layer. APPLE-1005, [0014], FIG. 4A. The super-

resolution processing device in Phek “improves these additional reference images”

upscaled from the basic layer. APPLE-1005, [0014]. This upscaling is used to

enhance reference frames for “motion detection, motion compensation prediction,

and display.” APPLE-1005, [0013]; see also id., [0011]-[0015], FIGS. 3a-4b.
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Phek-YuChuan-He renders obvious [1.1]. APPLE-1003, 4977-86. For
example, Phek’s hierarchical encoding system includes a basic layer encoding
processing device 402 that, alone or together with interlayer intra-prediction
processing device 408, provides a “first encoder” that works on a subsequence of
the basic layer image sequence (“a sequence of moving pictures with a standard
resolution”) to implement a combination of processes for an encoding and a
decoding to create a first sequence of encoded bits and a set of decoded pictures
with the standard resolution. APPLE-1005, [0014]. The “basic layer encoding
processing device 402” operates on basic layer image sequence having low
(standard) resolution images, performing encoding processes to create a basic layer
bitstream. APPLE-1005, [0014] (““A basic layer image sequence is encoded using
a basic layer encoding processing device 402.”), [0002]. Phek teaches that “the
intra image of the basic layer or a reconstructed image of the basic layer is used as
an additional reference image for encoding the image of the enhanced layer.”
APPLE-1005, [0014].

The coding process implemented by Phek’s basic layer encoder includes
decoding steps to generate decoded or reconstructed images. APPLE-1005,
[0014]. Phek explains that the encoder utilizes “reconstructed images”™ as a
reference for interlayer prediction, confirming that the basic layer encoder

implements both encoding and decoding processes to produce the images used as
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references for interlayer prediction. APPLE-1005, [0014]. This reconstruction
occurs as part of the encoder’s standard operation, ensuring compatibility with
inter-layer prediction mechanisms. APPLE-1005, [0014]. Phek describes the
operation of encoding devices like the basic layer encoding processing device 402
with respect to FIG. 3A and explains that the encoding device implements a
combination of processes for an encoding and a decoding to create a sequence of
encoded bits and a set of decoded pictures of the same resolution. APPLE-1005,
[0011] (“In the encoder, the image sequence is intra-coded or inter-coded” and “an
encoded video bit stream is produced. The target frame is reconstructed using a
local decoder ..., and the reconstructed target frame is stored as a reference frame
for use by the motion detection processing device 302.”), FIG. 3A. It also would
have been obvious for the basic layer encoder to work on only a subsequence of
the basic layer image sequence to encode and decode a portion of the basic layer
image sequence.

A POSITA would have understood that Phek’s basic layer encoder performs
these dual functions to facilitate hierarchical encoding. The generation of decoded
pictures at the input resolution is disclosed in Phek’s framework, which uses

reconstructed images for reference in the enhanced layer encoding process.

APPLE-1005, [0014].
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[1.2]
Phek-YuChuan-He renders obvious [1.2]. APPLE-1003, q4977-86. For

example, Phek explains that “[s]uper-resolution processing is a technique for
generating high-resolution images from a plurality of low-resolution images.”
APPLE-1005, [0002]. “Super-resolution processing methods include methods that
involve image registration. In these methods, motion compensation is performed
on observed low-resolution images to convert them into a common high-resolution
grid known as a registered image. An initial estimated high-resolution frame is
obtained using a spatial interpolation method such as bicubic interpolation. This

estimated frame is improved by repeatedly subjecting it to blurring, frame
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difference, point spreading inverse function, regularization, and refinement
processing. A residual image is generated during the operation of finding frame
differences. The registered image is thus subtracted from the blurred high-
resolution estimated frame.” Id., [0003]; see also id., [0004]-[0009]. Phek further
describes an improved super-resolution processing method with respect to FIGS. 1,
5,and 6. Id.,[0016]-[0020]. The effect of applying super-resolution processing to
an image is to enhance the quality and spatial resolution of the image by
incorporating into the image additional information about a scene depicted in other
images in the moving pictural sequence. Id., [0011], FIGS. 1, 5, 6a-6b.

In the combination, YuChuan also discloses super-resolution processing
techniques that can optionally be used with or as an alternative to Phek’s super-
resolution processing in some examples. Supra, §§II1.A.2., [11.A.4.(a)-(b);
APPLE-1055, [0031]-[0044], FIGS. 1, 5, 6.

Phek’s hierarchical encoding system includes a super-resolution processing
device 410 that operates on decoded pictures from the basic layer encoder to
generate super-resolution enlarged decoded pictures with a resolution higher than
the standard resolution. APPLE-1005, [0014], FIG. 4A. While Phek focuses on
improving reference images for inter-layer prediction by super-resolution
processing, Phek explains that super-resolution processing can also be applied for a

variety of purposes including “to improve the resolution and quality of [] inputted

44



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

image sequences to be displayed” and of “images subject to transcoding and
storage.” APPLE-1005, [0002]; see also id., [0010]-[0011], [0014], FIGS. 2, 4A-
B.

Phek’s hierarchical encoding system includes a basic layer encoding
processing device 402 configured to encode a basic layer image sequence and an
enhanced layer encoding processing device 412 configured to encode an enhanced
layer image sequence. APPLE-1005, [0014], FIG. 4A. Based on Phek’s specific
focus on enhancing images through super-resolution processing, and for the
reasons discussed in further detail above (supra §I11.A.4.(a)), it would have been
obvious to a POSITA for the extended layer image sequence to be formed by
applying super-resolution processing to the basic layer image sequence, thereby
enhancing the quality and spatial resolution of the extended layer image sequence.
APPLE-1005, [0014], FIG. 4A; supra, §111.A.4.(a). The encoding system would
thus employ a super-resolution processing device, e.g., device 208, configured to
work on a sequence of moving pictures from the basic layer image sequence with
the standard resolution to implement a process for a first super-resolution
enlargement to create a set of super-resolution enlarged pictures with a resolution
higher than the standard resolution as part of the process for forming the extended
layer image sequence. APPLE-1005, [0002]-[0003], [0016]-[0020], [0014], FIGS.

1-2,4A, 5, 6A-6B; supra, §1I1.A.4.(a).
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Illustration of Proposed Combination (Phek-YuChuan-He)

[1.3]
Phek-YuChuan-He renders obvious [1.3]. APPLE-1003, q4977-86. For

example, YuChuan explicitly discloses a process for adjusting the resolution of
enhanced images to match a user-defined output, which a POSITA would have
understood and found obvious to include standard resolution. APPLE-1055,
[0031]; supra, §111.A.4.(b). The method “can converge the enhanced image by
downsampling to the resolution output desired by the user.” Id., see also id., [0019]
(“The interpolated prototype image is down-sampled N times according to the
respective translations ...”), [0035] (“[S]tep S18 is performed to down-sample,

according to the respective translation ..., the interpolated prototype image ...”),
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[0039]-[0042], FIGS. 1, 5A-5D. YuChuan’s down-sampling operation serves to
reduce the size or spatial resolution of the interpolated prototype image (i.e., a
super-resolution enlarged image). Id. YuChuan’s method is performed according
to user-defined magnification factor. APPLE-1055, [0014], [0019], [0031], FIG. 1.
YuChuan’s teachings thus provide a technical basis for implementing a resolution
converter that processes super-resolution enlarged pictures to create standard-
resolution images by down-sampling/downscaling/decimating the super-resolution
enlarged pictures.

For each of the reasons described in detail above in the overview of the
Phek-YuChuan-He combination, it would have been obvious to implement Phek’s
hierarchical encoding device in accordance with YuChuan’s suggestion to down-
sample enhanced (super-) resolution images such that the enhancement/extended
layer input image sequence would be formed by super-resolution processing of
images in the basic layer followed by down-conversion to the standard resolution
of the basic layer images. Supra, §II1.A.4.(b), lILA.2. This would have allowed
Phek’s hierarchical coder to implement well-known quality scalable coding
techniques in which the enhanced layer encodes higher-quality images than the
base layer, while maintaining the same spatial resolution at each layer. Id. The
following figure illustrates an example use of a first resolution converter

configured to work on the set of super-resolution enlarged pictures to implement a
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process for a first resolution conversion to create a set of super-resolution enlarged

and converted pictures with a standard resolution in the Phek-YuChuan-He

combination:
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Illustration of Proposed Combination (Phek-YuChuan-He)

[1.4]
Phek-YuChuan-He renders obvious [1.4]. APPLE-1003, 9977-86. As

discussed above, Phek discloses that “[s]Juper-resolution processing is a technique
for generating high-resolution images from a plurality of low-resolution images.”
APPLE-1005, [0002]. “Super-resolution processing methods include methods that
involve image registration. In these methods, motion compensation is performed

on observed low-resolution images to convert them into a common high-resolution
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grid known as a registered image. An initial estimated high-resolution frame is
obtained using a spatial interpolation method such as bicubic interpolation. This
estimated frame is improved by repeatedly subjecting it to blurring, frame
difference, point spreading inverse function, regularization, and refinement
processing. A residual image is generated during the operation of finding frame
differences. The registered image is thus subtracted from the blurred high-
resolution estimated frame.” Id., [0003]; see also id., [0004]-[0009]. Phek further
describes an improved super-resolution processing method with respect to FIGS. 1,
5,and 6. Id., [0016]-[0020]. The effect of applying super-resolution processing to
an image is to enhance the quality and spatial resolution of the image by
incorporating into the image additional information about a scene depicted in other
images in the moving pictural sequence. /d., [0011], FIGS. 1, 5, 6a-6b.

In the combination, YuChuan also discloses super-resolution processing
techniques that can optionally be used with or as an alternative to Phek’s super-
resolution processing in some examples. Supra, §§111.A.2., I11.A.4.(a)-(b);
APPLE-1055, [0031]-[0044], FIGS. 1, 5, 6.

Phek’s hierarchical encoding system includes a super-resolution processing
device 410, i.e., a second super-resolution enlarger, that operates on decoded
pictures from the basic layer encoder to implement an interpolation of pixels with a

second enlargement to generate super-resolution enlarged decoded pictures with a
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second resolution higher than the standard. APPLE-1005, [0014], FIG. 4A. For
example, Phek explains that “[t]he interlayer intra-prediction processing device
408 uses an intra image of the basic layer or a reconstructed image of the basic
layer as an additional reference image for encoding the image of the enhanced
layer” and “[a] super-resolution processing device 410 is used to improve these
additional reference images.” 1d., [0014]; see also id., [0011] (“The present
invention uses a super-resolution processing device 320 to improve the quality and
resolution of reference frames used by the motion detection processing device 302
and motion compensation processing device 318.”), FIGS. 3A-3B, 4B. In the
Phek-YuChuan-He combination, the super-resolution enlarged reference pictures
are subsequently resolution converted down to the standard resolution to match the

resolution of images in the enhanced layer. Supra, §111.A.4.(b); infra, [1.5].
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Phek-YuChuan-He renders obvious [1.5]. APPLE-1003, q4977-86. For

example, YuChuan explicitly discloses a process for adjusting the resolution of

enhanced images to match a user-defined magnification factor, a POSITA would

have understood and found obvious to include standard resolution. APPLE-1055,

[0031]; supra, §111.A.4.(b). The method “can converge the enhanced image by

downsampling to the resolution output desired by the user.” Id., see also id., [0019]

(“The interpolated prototype image is down-sampled N times according to the

respective translations ...”), [0035] (“[S]tep S18 is performed to down-sample,

according to the respective translation ..., the interpolated prototype image ...”),
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[0039]-[0042], FIGS. 1, 5A-5D. YuChuan’s down-sampling operation serves to
reduce the size or spatial resolution of the interpolated prototype image (i.e., a
super-resolution enlarged image). Id. YuChuan’s method is performed according
to user-defined magnification factor. APPLE-1055, [0014], [0019], [0031], FIG. 1.
YuChuan’s teachings thus provide a technical basis for implementing a resolution
converter that processes super-resolution enlarged pictures to create standard-
resolution images by downscaling the super-resolution enlarged pictures.

For each of the reasons described in detail above in the overview of the
Phek-YuChuan-He combination, it would have been obvious to implement Phek’s
hierarchical encoding device in accordance with YuChuan’s suggestion to down-
sample enhanced (super-) resolution images such that the enhanced layer input
image sequence would be formed by super-resolution processing images in the
basic layer followed by down-conversion to the standard resolution of the basic
layer images. Supra, §111.A.4.(b), 11.A.2. This would have allowed Phek’s
hierarchical coder to implement well-known quality scalable coding techniques in
which the enhanced layer encodes higher-quality images than the base layer, while
maintaining the same spatial resolution at each layer. Id. Likewise, it would have
been obvious to include in Phek’s hierarchical encoding system a resolution
converter for downscaling the reference pictures produced by Phek’s super-

resolution processing device 410 to ensure the reference pictures matched the
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resolution of images coded at the enhancement layer. Supra, §I11.A.4.(b). The
following figure illustrates an example use of a second resolution converter
configured to work on the set of super-resolution enlarged decoded pictures to
implement a process for a second resolution conversion to create a set of super-
resolution enlarged and converted decoded pictures with a standard resolution in

the Phek-YuChuan-He combination:
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Illustration of Proposed Combination (Phek-YuChuan-He)

[1.6.i]

Phek-YuChuan-He renders obvious [1.6.1]. APPLE-1003, 9477-86. For
example, Phek’s hierarchical encoding system includes an enhanced layer

encoding processing device 412 that corresponds to the claimed “second encoder.”
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APPLE-1005, [0014]-[0015], FIG. 4a. In Phek’s system, enhanced layer encoding
processing device 412 obtains an enhanced layer image sequence as a set of
encoding target pictures and uses a super-resolution enlarged version of a decoded
base layer picture from super-resolution processing device 410 as a reference
picture for predicting a target picture in the enhancement layer. APPLE-1005,
[0014] (“An enhanced layer image sequence is encoded using an enhanced layer
encoding processing device 412. The enhanced layer encoding processing device
412 uses interlayer prediction to reduce redundancy between the enhanced layer
and the basic layer, thereby improving encoding efficiency compared to encoding
performed using only an enhanced layer. ... The interlayer intra-prediction
processing device 408 uses an intra image of the basic layer or a reconstructed
image of the basic layer as an additional reference image for encoding the image of
the enhanced layer. A super-resolution processing device 410 is used to improve
these additional reference images.”), FIG. 4A; see also id., [0011], FIG. 3A. The
enhanced layer encoding processing device 412 implements a combination of
processes for a prediction and an encoding to create an enhanced layer bitstream
(e.g., a third sequence of encoded bits). APPLE-1005, [0011], [0014], FIG. 4A.
As discussed above, it would have been obvious based on Phek and
YuChuan to generate the enhanced layer image sequence that forms the set of

encoding target pictures for the enhanced layer encoding processing device 412 by
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super-resolution enlarging the base layer image sequence and then downscaling the
super-resolution enlarged target pictures to the original, standard resolution of the
base layer. Supra, §111.A.4.(a). In this case, the enhanced layer encoding
processing device 412 (second encoder) would be configured to have the set of
super-resolution enlarged and downscaled (converted) pictures from the first
downscaler (first resolution converter) as the set of encoding target pictures. /d.
As further discussed above, it would have been obvious based on the
teachings of He for the enhanced layer encoding processing device 412 (second
encoder) to use a (i) set of super-resolution enlarged and converted decoded
pictures obtained by downscaling the output of the super-resolution processing
device 410 (second super-resolution enlarger) as one set of reference pictures and
(1) the set of decoded pictures from base layer encoding processing device 402 as
an alternate set of reference pictures. Supra, §111.A.4.(c), II1.A.3. For example,
based on He’s teachings, the enhanced layer encoding processing device 412
selects among these reference picture using Phek’s inter-layer prediction
mechanisms. APPLE-1008, [0002]-[0006], [0022], [0028], [0032]-[0037], FIGS.
1-4; APPLE-1005, [0014]. In the combination, Phek’s enhanced layer encoder
“utilizes interlayer prediction to reduce redundancy between the enhanced layer

and the basic layer,” employing both super-resolution and downscaled (“SR-D”
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filtered) and non-SR-D filtered reference pictures as part of this process. APPLE-

1005, [0014]; supra, §IILA.4.(c).
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Illustration of Proposed Combination (Phek-YuChuan-He)

[1.6.ii]

Phek-YuChuan-He renders obvious [1.6.i11]]. APPLE-1003, 9977-86. As
discussed above (supra, §111.A.5.[1.6]-[1.6.1]), in the combination, Phek’s
enhanced layer encoding device 412 “utilizes interlayer prediction to reduce
redundancy between the enhanced layer and the basic layer,” employing both
super-resolution and downscaled (“SR-D” filtered) and non-SR-D filtered
reference pictures as part of this process. APPLE-1005, [0014], FIG. 4a; supra,

§III.A.4.(c). The enhancement layer encoding processing device 412 selects

56



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

between SR-D filtered or non-SR-D filtered reference pictures based on content
characteristics and other factors that balance the desire for improved reference
picture quality and compression efficiency against the computational expense,
power consumption, and additional processing time required to implement SR-D
filtering. Supra, §111.A.4.(c).

For example, He describes how an in-loop filter such as a deblocking filter
can “consume[] a significant amount of power and processing cycles” and
“[g]enerally speaking, the entire [] filter ... consumes approximately 8% of the
computations at the encoder and approximately 35% at the decoder for
H.264/AVC.” APPLE-1008, [0006]. “Disabling the entire [] filter, therefore,
provides a significant reduction of power and processing complexity, especially in
the decoder.” Id. To maintain a “desired tradeoff between video quality and
complexity reduction,” He provides control signals that allow an encoder to
selectively enable or disable the loop filter. /d., [0069].

A POSITA would have found it obvious and would have been motivated to
apply He’s suggestion for selective in-loop filtering to the Phek-YuChuan-He
combination to achieve benefits of the same nature as those expressly disclosed in
He—including to reduce the power consumption, processing time, and

computational complexity of coding frames in the enhancement layer. APPLE-

1008, [0028], [0031], [0037], [0076], [0069]; supra, §IIL.4.(c). In the combination,
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and based on He’s teaching, the enhanced layer encoding processing device 412
can create reference picture selection information such as control flags in frame or
slice header(s) to indicate whether an in-loop SR-D filter should be applied when
decoding a given frame or slice in the first enhancement layer (i.e., to identify the
selected set of reference pictures) Id.

For instance, in more detail, He discloses “a deblocking control flag of
scalable video system for indicating presentation of deblocking parameters for
multiple layers ” in a bitstream. APPLE-1008, [0002]. He discloses that “[t]he
deblocking parameters determine whether deblock filtering is enabled or disabled
and additional deblocking settings when enabled. A deblocking enable/disable
parameter is set to “0” to enable deblock filtering and to “1” to disable deblock
filtering.” APPLE-1008, [0007]. In FIG. 7, He illustrates “deblocking filter
control information provided in an output bitstream BTS from the SVC video
encoder 601 (e.g., OBTS), or provided in an input bitstream BTS (e.g., IBTS) to
the video decoder 603... The bitstream BTS includes at least one video
information sequence 701... The video information sequence 701 further includes
one or more video frames including an exemplary video frame 705... The video
frame 705, for example, includes a frame header 707 at the front of the video frame
705 which further includes a deblocking filter control present flag 709, labeled

“F”.” APPLE-1008, [0052], [0069] (reference selection flag).
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APPLE-1008, FIGs. 2 and 7 (annotated); see also id., FIG. 1.

He discloses, in FIG. 2, a deblock control circuit 221, and similarly in FIG.

1, a deblock control circuit 135. APPLE-1008, FIGS. 1-2. Based on the value of

the deblocking control flag, the deblock control circuit 221 issues control signals to

a deblocking filter 131 to selectively enable/disable the use of a deblock filter on
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reconstructed (decoded) frames. APPLE-1008, [0006]-[0008]. When the deblock
filter is enabled, the filtered (enhanced) reconstructed frame is used as a reference
picture for prediction of a subsequent frame. When the deblock filter is disabled,
the original (unfiltered or non-enhanced) reconstructed frame is used as the
reference picture for prediction of a subsequent frame. Id., [0034]. Likewise, in
the encoder, “[a] deblock control circuit 135 provides an encoder filter control
(EFC) signal to deblocking filter 131" that controls whether the in-loop filter
enabled or disabled. APPLE-1008, [0027]-[0028], FIG. 1.

He discloses that deblocking filter 211, like filter 131, is controlled by a
decoder filter control (DFC) signal from deblock control circuit 221. When
disabled, filtering is bypassed and unfiltered reconstructed frame information
(URF’) is output as the filtered reference (RF’). APPLE-1008, [0027]-[0028],
[0034]-[0037], FIGs. 1, 2, 7; see supra §111.A.4.(c), IT.A.3.

Based on He’s teachings, a POSITA would have found it obvoius to
implement an analogous filter control circuit in the Phek-YuChuan-He
combination to selectively enable/disable SR-D filtering of decoded base layer
frames that are used for prediction of enhancement layer frames. The control
circuit would selectively enable/disable the super-resolution enlarger and
downscaler circuits, which form a loop filter analogous to He’s deblock filter. As

discussed above, a POSITA would have been motivated to apply He’s control
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mechanism to Phek’s super-resolution loop to enable switching between reference
picture sets based on channel conditions, power constraints, or content complexity.
1d.; see also, APPLE-1005, [0013]-[0015], FIG. 4b; APPLE-1008, [0006], [0034]-
[0037], FIG. 7; supra, §§II1.A.3, III.A.4.(c). In the combination, Phek’s enhanced
layer encoding processing device 412 creates an enhanced layer bitstream (i.e., a
second sequence of encoded bits) based on the set of encoding target pictures (i.e.,
the enhanced layer input images) and the set of selected reference pictures (i.e.,
SR-D enhanced or non-SR-D enhanced decoded base layer images). APPLE-
1005, [0014]-[0015] (“enhanced layer bitstream™), FIGS. 4a-4b. The enhanced
layer encoding processing device 412 also predictably implements a third process
for encoding control information indicating whether to use SR-D filtered reference
pictures or non-SR-D filtered reference pictures (i.e., reference picture selection
information) to create a sequence of encoded bits indicating the selection,
consistent with He’s teachings. APPLE-1008, [0002], [0007], [0052], [0069],
FIGS. 1, 2, 7 (describing process for encoding loop filter “control flag” as

reference picture selection information in encoded bitstream).
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Illustration of Proposed Combination (Phek-YuChuan-He)

Moreover, as discussed above, a POSITA would have understood that He’s
techniques are illustrative of a range of conventional solutions for selecting among
different types of reference pictures to optimize coding efficiency and
performance. APPLE-1046, [0131], [0253], FIGs. 6, 12, 15 (describing additional
known techniques for selecting between different reference pictures in a
hierarchical/scalable coding system). Considering the advanced state of the art at
the time before the Critical Date of the 995 Patent, selectively applying SR-D
filtering in the combination would have been an obvious and straightforward

technique.

62



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

[1.7]
Phek-YuChuan-He renders obvious [1.7]. APPLE-1003, 9977-86. Phek

explains that its hierarchical coding device implements scalable video coding
techniques. APPLE-1005, [0014], FIG. 4a. A common form of scalable coding
techniques known before the 995 Patent was quality scalability (also referred to as
fidelity or SNR scalability). As discussed above, it would have been obvious to
implement quality scalability in Phek’s system to efficiently encode both an
enhanced-quality version and a base-quality version of the input video stream.
Supra, §111.A.4.(b). A POSITA would have known that quality scalability allows
base and enhancement layers to be coded at the same spatial (and temporal)
resolutions. See also APPLE-1010, 1104 (“With quality scalability, the substream
provides the same spatio-temporal resolution as the complete bit stream, but with
a lower fidelity.”); APPLE-1006, 1121 (“[T]he SVC extensions support ... quality
scalability (fidelity enhancement for pictures of the same resolution).”).

Further, a POSITA would have understood and found it obvious to scale all
reference pictures used by the enhancement layer coding device 412—including
the non-SR-D enhanced reference pictures (set of first reference pictures) and the
SR-D enhanced reference pictures (set of second reference pictures)—to the same
spatial resolution as target pictures in the enhancement layer (i.e., the standard

resolution). Indeed, it was the conventional practice long before the Critical Date
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of the 995 Patent to scale reference pictures to the same resolution as the target
pictures being coded so that the target pictures can be predicted using the reference
pictures at their native resolution. Supra, §111.A.4.(b); APPLE-1006, §II (“the
width and height of the scaled regions of lower resolution and higher resolution
pictures must have the same scaling ratio”); APPLE-1026, 25:27-37 (“the
resolution converter 205 converts the resolution of the base layer image signal to
the resolution corresponding to the enhancement image signal); APPLE-1046,
[0128] (“a resolution conversion circuit 3 for subjecting regenerated data ... to
resolution conversion in a way that its resolution becomes equal to that of the high-
resolution image signal”); APPLE-1024, 9:30-35 (“the encoder sets the resolution
for the reference frame (630) before setting the resolution for the current frame
(620)), 14:40-46 (“the one or more spatial resolution scaling factors are
constrained to be identical to the one or more spatial resolution scaling factors for
the reference”), FIG. 6; APPLE-1068, [0082]-[0088], FIGS. 6, 8, 10. Accordingly,
the set of encoding target pictures, the set of first reference pictures, and the set of
second reference pictures would all have the same value in spatial resolution in the

Phek-YuChuan-He combination.
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(b) Claim 6

[6]
Phek-YuChuan-He renders obvious [6]. APPLE-1003, q977-86. As an

initial matter, Phek discloses multiplexing as a component of its hierarchical video
coding system. For example, Phek describes a “video source that is separated from
the other sources using an inverse multiplexer 202” to manage multiple data
streams within its encoding architecture, and a POSITA would have understood
that the use of an inverse multiplexer 202 implies that the video streams were
previously multiplexed by a multiplexer according to a prescribed structure.
APPLE-1005, [0010]. This multiplexing infrastructure enables coordinated
processing of base and enhancement layer bitstreams, as Phek’s hierarchical
encoder separately processes the base-layer bitstream and the enhancement-layer
bitstream during decoding operations. APPLE-1005, [0014] (“A basic layer image
sequence is encoded using a basic layer encoding processing device 402. An
enhanced layer image sequence is encoded using an enhanced layer encoding
processing device 412.”). Phek further specifies that the base layer and
enhancement layer outputs are structured for systems-level integration,
necessitating multiplexing to synchronize and transmit the hierarchically related

streams. APPLE-1005, [0014], FIGS. 4a-4b.
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The techniques disclosed in Phek are illustrative of the conventional practice
of multiplexing bit streams in hierarchical coding systems before the Critical Date
of the 995 Patent. A POSITA would have been familiar with this conventional
practice and many prior art systems that implemented the same. See, e.g., APPLE-
1026, FIG. 1 (referring to multiplexer 206), 32:21-27 (“the bit streams generated
by the enhancement layer encoder 203 and the base layer encoder 204,
respectively, are input to the multiplexer 206 as shown in FIG. 1. The multiplexer
206 shown in FIG. 1 multiplexes the enhancement layer bit stream and the base
layer bit stream into a single bit stream’); APPLE-1051, FIGs. 1 (referring to
multiplexer 115), 4 (referring to multiplexer 425), [0080], [0084]; APPLE-1053,
FIG. 5¢c, [0123]-[0125] (“[o]nly during the final iteration are the video bitstreams
(5022, 5252) actually generated, multiplexed into the program stream 5262”);
APPLE-1069, FIGs. 15 (referring to multiplexing unit 1560), 16 (referring to
multiplex 1650), [0080] (“[t]he multiplexing unit 1560 multiplexes the spatio-
temporal low-frequency and high-frequency images encoded by the temporal
image scalable encoding unit 1530 and the spatial image scalable encoding unit
1540 and outputs a bitstream (operation 1650).”). The features recited in claim 6
merely reflect the conventional practice of multiplexing bit streams in a

hierarchical coding system.
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Further, a POSITA reviewing Phek ,and knowing the conventional practice
of multiplexing encoded bit streams in hierarchical coding systems, would have
found it obvious before the Critical Date to multiplex the encoded bitstreams of the
Phek-YuChuan-He combination as recited in claim 6 to achieve known and
predictable technical benefits. For example, multiplexing the encoded bit streams
for the basic layer, enhanced layer, and information on encoding parameters for
each of the basic and enhanced layers would improve utilization of channel
bandwidth, reduce signaling overhead and optimize network resource utilization.
APPLE-1005, [0010]. This approach would also facilitate synchronization of
hierarchically related streams through timestamp coordination, maintaining
temporal alignment between base and enhancement layers during decoding.
APPLE-1006, §II.A. For example, by transmitting a multiplexed stream, a
receiver would be capable of selectively decoding the base layer based on the base
layer bitstream or the enhancement layer based on a combination of the base and
enhancement layer bitstreams. Additionally, multiplexing enables error resilience
by allowing selective prioritization or discarding of enhancement-layer data during
transmission bottlenecks while preserving base-layer integrity. APPLE-1008,
[0004]-[0009]. Finally, multiplexing supports backward compatibility with legacy
decoders by structuring base-layer data for independent extraction and processing.

APPLE-1006, §II, FIG. 1.
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Multiplexing based on a prescribed syntax structure was likewise a well-
established technique before the Critical Date of the *995 Patent, as demonstrated
by extensive prior art disclosing standardized protocols for organizing and
transmitting hierarchical video streams. See APPLE-1046 [0067]-[0070], [0132],
[0143], [0147], [0148]-[0167] (“in multiplexing a plurality of separate data, each
separate data is divided into packets corresponding to the prescribed amount of
data before being multiplexed,” with systematic requirements that “the ratio of the
data amounts of the respective separate data is made agree with the ratio of the
lengths or numbers of the packets corresponding to the respective separate data™),
FIGS. 1, 2A-2B, 3A-3B; APPLE-1053, [0013]-[0015], [0113]-[0114], [0275]-
[0279], FIGS. 8A-8B; APPLE-1018, [0039]-[0041], [0046]-[0050], FIGS. 1, 2A-
2B; APPLE-1051, [0005], [0080], [0084], [0150]-[0151], FIGS. 1, 4, 19; APPLE-
1065, [0010], [0025], FIG. 1. These conventional multiplexing practices —
encompassing both prescribed syntax structures for packet organization and
systematic inclusion of encoding parameter information — were standard in
hierarchical coding systems before the Critical Date, making the claimed
combination obvious to implement with reasonable expectation of success.
Indeed, a POSITA would have sought to implement conventional multiplexing
according to a prescribed syntax structure as recited in claim 6 to enable the

receiver to properly de-multiplex the encoded sequences/bits using the prescribed
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syntax structure, thereby ensuring that the different sequences/bits could be parsed
and decoded as desired. A POSITA would have reasonably expected success
implementing these features in the combination since multiplexing according to a

prescribed syntax structure was an established practice before the *995 Patent.

(¢) Claim 10
[10]
Phek-YuChuan-He renders obvious [10]. APPLE-1003, q977-86. The

additional features recited in [10] simply reflect the common practice of applying
different coding modes and techniques to different portions (e.g., blocks) of a
picture in a video stream (e.g., rather than uniformly encoding the entire picture as
a whole). See also APPLE-1030, 8 (“Whereas the basic coding unit for spatial
redundancy reduction in MPEG is based on an 8 x 8 block, motion-compensation
is usually based on a 16 pixel by 16 line macroblock. The size of the macroblock
is a trade-off between the need to minimize the bit-rate required to transmit the
motion representation (known as motion vectors) to the decoder, which supports
the case for a large macroblock size, and the need to vary the prediction process
locally within the picture content and movement, which supports the case for a
small macroblock size.”); supra, §II.A. Phek itself teaches that enhancement layer

pictures can be coded by macroblocks. APPLE-1005, [0014] (“motion data
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include the partition size and type used of each macroblock, as well as the
prediction direction and motion vector”).

He likewise discloses that “[e]ach video frame is subdivided” into 16x16
macroblock (MB). APPLE-1008, [0004], [0034], [0086]. “The video decoder 200
generally processes information one macroblock at a time.” Id., [0034]. He
further teaches that separate loop filter (e.g., deblocking filter) controls can be
applied to each “slice” in a coded video stream, where “each slice incorporates one
or more macroblocks.” Id., [0053]-[0054]. For instance, the loop filter can be
selectively enabled or disabled for each slice. /d.

It would have been obvious to apply He’s teachings regarding slice-level or
other region-based selective loop filtering in the Phek-YuChuan-He combination
so that the enhancement layer processing device (second encoder) would divide an
encoding target picture in the enhancement layer video stream into a plurality of
regions (e.g., slices) and select whether to use an SR-D filtered version or a non-
SR-D filtered version of a reference picture for prediction of each divided region.
A POSITA would have sought to implement these techniques in the combination
to reduce the size of the coding unit and allow for greater flexibility in the
prediction processes applied to code different regions of the target picture, which
would allow for greater compression and improved prediction quality for

individual regions. Id.; APPLE-1030, 8. A POSITA would have reasonably

70



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

expected success given that region-based coding was commonly implemented in
video coding systems before the Critical Date and He itself specifically taught

known techniques for selective loop filtering on a region-by-region basis.

(d) Claim8
[8.P]
Supra §I11.A.6.[1.P]. APPLE-1003, 977-86.
[8.1]
Supra §I11.A.6.[1.1]. APPLE-1003, 9977-86.
[8.2]
Supra §I11.A.6.[1.2]. APPLE-1003, 9977-86.
[8.3]
Supra §111.A.6.[1.3]. APPLE-1003, 9977-86.
[8.4]
Supra §111.A.6.[1.4]. APPLE-1003, 9977-86.
[8.5]
Supra §I11.A.6.[1.5]. APPLE-1003, 9977-86.
[8.6]
Supra §I11.A.6.[1.6]. APPLE-1003, 9977-86.
[8.6.1]
Supra §I11.A.6.[1.6.i]. APPLE-1003, 9977-86.
[8.6.ii]
Supra §I11.A.6.[1.6.ii]. APPLE-1003, 9977-86.
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[8.7]

Supra §111.A.6.[1.7]. APPLE-1003, 77-86.
(¢) Claim9

[9.P]

Supra §111.A.6.[1.P]. APPLE-1003, 9977-86.

[9.1]

Supra §111.A.6.[1.1]. APPLE-1003, 977-86.

[9.2]

Supra §111.A.6.[1.2]. APPLE-1003, 977-86.

[9.3]

Supra §111.A.6.[1.3]. APPLE-1003, 977-86.

[9.4]

Supra §111.A.6.[1.4]. APPLE-1003, 977-86.

[9.5]

Supra §111.A.6.[1.5]. APPLE-1003, 977-86.

[9.6]

Supra §111.A.6.[1.6]. APPLE-1003, 77-86.

[9.6.i]

Supra §111.A.6.[1.6.1]]. APPLE-1003, 977-86.

[9.6.ii]

Supra §111.A.6.[1.6.i1]. APPLE-1003, q977-86.

[9.7]

Supra §111.A.6.[1.7]. APPLE-1003, 977-86.
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B. [GROUND 1B] — Phek in view of YuChuan, He, and
Martins Renders Claims 1, 5-6, and 8-10 Obvious

1. Martins Overview

Martins is an IEEE paper titled “A Unified Approach to Restoration,
Deinterlacing and Resolution Enhancement in Decoding MPEG-2 Video.”
APPLE-1007, 1. Martins discloses an algorithm by which “[t]he quality and
spatial resolution of video can be improved by combining multiple pictures to form
a single super-resolution picture.” Id., Abstract. “The superresolution pictures
obtained by the algorithm are of much higher visual quality and have lower [mean-
squared error] than superresolution pictures obtained by simple spatial
interpolation.” Id. “The algorithm is based on motion-compensated spatial
upsampling from multiple images and decimation to the desired format.” Id.;

APPLE-1003, 987.
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FIG. 2 illustrates Martins’ process, which involves first up-sampling lower-
resolution images to obtain super-resolution images before downscaling the images
to a lower spatial resolution according to a desired format, which can be the same
resolution as the original lower-resolution images. APPLE-1007, p. 2 (“The
algorithm has two steps. In the first step, a superresolution version ... of each
directly decoded picture is constructed. In the second step, the super-resolution

picture is decimated to the desired format.”).

|
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Extract parameters
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APPLE-1007, FIG. 2 (annotated); see also id., p. 5, §IV (“DECIMATION”);

Decimation

APPLE-1003, 988.

74



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

2. Analysis
(a) Claims 1,6, 8-10

As discussed above in Ground 1A, YuChuan discloses techniques for
downscaling super-resolution enlarged images using a resolution conversion
process. Supra, §I11.A.2, Ground 1A at [1.3], [1.5]. To the extent YuChuan does
not expressly disclose resolution conversion to a desired format including the
standard resolution, these features were nonetheless known and obvious before the
Critical Date as confirmed by Martins. APPLE-1003, 989. Recall that Martins
discloses a method for applying super-resolution enlargement to images in a video
stream and thereafter decimating the super-resolution enlarged images to a desired
format, including the original resolution of the images before super-resolution
enlargement. APPLE-1007, p. 2 (“The algorithm has two steps. In the first step, a
superresolution version ... of each directly decoded picture is constructed. In the
second step, the super-resolution picture is decimated to the desired format.”), p. 1
(“obtain a sequence of higher fidelity ... in the same format as the directly decoded
one”), FIG. 2 (annotated); see also id., p. 5, §IV (“DECIMATION”).

Through FIGs. 11-12, Martins illustrates results of their super-resolution and
decimation enhancement techniques. APPLE-1007, 8-9. In FIG. 11, Martins
illustrates “the result of using simple upsampling of a directly decoded sequence.”

1d., 8-9. FIG. 12, by contrast, shows “the results of our enhancement to

75



Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

progressive SDTV ... images[] ... .” Id., 8-9. Thus, Martins’ decimation
preserves enhanced spatial detail from super-resolution processing while restoring
the image to its original input resolution. /d.; see also, id., 1-2, 5, 8-9, FIGs. 1-2;

APPLE-1003, 989 (citing APPLE-1078, 99218-221).

Standard Definition (SD)
(standardresolution)

Fig. 11. Direct progressive SDTV. Mobcal at 5 Mbs/s. Part of the I-picture Fig. 12. Enhanced to progressive SDTV. Mobcal at 5 Mb/s. Part of the
(frame 24, top field). PSNR = 28.5 dB. I-picture (frame 24, top field). PSNR = 30.1 dB.

Enhanced picture created

Original picture g s i
= p using Martins’ algorithm

APPLE-1007, FIGs. 11 and 12 (annotated) (FIG. 12 illustrates improved PSNR
and visual quality over simple upsampling (FIG. 11), proving decimation retains
super-resolution gains); id., 8-9.

A POSITA would have found it obvious to apply Martins’ suggestion for
performing super-resolution enlargement followed by downscaling to a desired
format including the same/standard resolution in the combination with Phek,
YuChuan, and He to achieve known and predicable benefits from Martins’

approach. Specifically, Martins’ technique would have improved SR-D filtering of
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both the base layer video input stream and the decoded base layer images used as
reference pictures for interlayer prediction in the combination for multiple reason.
ld.

First, for example, it would have been obvious to apply SR-D filtering as
taught in Martins to obtain enhanced video images at the standard resolution but at
higher quality than the base layer images. Supra, §111.A.4.(a)-(b). A POSITA
would have recognized that obtaining higher-quality images for the enhancement
layer through SR-D filtering would have been beneficial to facilitate quality
scalable coding in Phek’s hierarchical coding device, which was a known and
desirable form of scalable coding before the Critical Date. Supra, 111.4.(a)-(b)
(describing additional benefits of quality scalability).

Second, it would have been obvious to apply SR-D filtering as taught in
Martins because Martins specifically explains that its approach beneficially allows
super-resolution enlarged images to be downscaled without materially degrading
the signal-to-noise ratio of the enhanced images. APPLE-1007, p. 2 (“We do not
want to trade resolution for improved peak signal-to-noise ratio (PSNR) by spatial
filtering at this stage so the noise reducing filtering is deferred to the decimation
step.”).

Third, a POSITA would have understood the combination to be obvious for

the reasons that downscaling would have been obvious as described above in
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Ground 1A (supra, §II1.A.4(b)) and because it merely involves a predictable
application of a known technique (e.g., SR-D filtering as taught in Martins) to a
conventional system (e.g., Phek-YuChuan-He’s hierarchical encoder) to achieve
predictable results. KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 417 (2007) (a
supposed invention that “simply arranges old elements with each performing the
same function it had been known to perform” is obvious). The selection of a
Martins’ super-resolution processing technique also would have amounted to no
more than an obvious design choice, especially considering the range of prior art
techniques that the *995 Patent acknowledged to be suitable before the Critical
Date. APPLE-1001, 22:38-23:32.

The resulting Phek-YuChuan-He-Martins combination includes the same
processing blocks as the Phek-YuChuan-He combination described above in
Ground 1A and would have rendered Claims 1, 6, and 8-10 obvious for the same
reasons described above in Ground 1A. Supra, §II1.A.4-5. In the combination,
super-resolution processing would predictably be performed according to any of
Phek’s, YuChuan’s, or Martins’ super-resolution processing techniques, and the
downscaling of the resolution converters would be performed further based on
Martins’ teachings.

(b) Claim 5

Claim 5 recites merely conventional super-resolution enlargement
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techniques that were well known in the art before the Critical Date. APPLE-1003,
9189. Indeed, the 995 Patent expressly acknowledges that the disclosed systems
use known processes for super-resolution enlargement, and the specification cites
several prior art papers to that effect. See APPLE-1001, 22:38-23:25 (explaining
that “the process for the prescribed super-resolution enlargement may for instance
be an application of any such super-resolution process as described” in the cited
prior art papers including Park (APPLE-1012)); see also id., 23:25-32. The
specification also confirms that the super-resolution enlargement operations
described in FIG. 4 and recited in claim 5 represent merely “an example of basic
configuration of a process for super-resolution enlargement in the present
embodiment according to the present invention.” Id., 23:22-25. Patent Owner’s
admitted prior art and the similar techniques disclosed in Martins render the
additional features recited in claim 5 obvious.

5.1]

Martins “align[s] pixels of the current picture frame at time ¢ with pixels of
one of the reference pictures using motion estimation,” and “combine[s] the
information from all the references pictures to form a single superresolution picture
at £’ (“positioner configured to work...on a combination of a base picture...and
one or more observation pictures...to make a position to pixel positions of a

desirable high resolution”). APPLE-1007, 4; APPLE-1003, 489. The resulting
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superresolution picture of Martins is an “MC [motion-compensated] upsampled
high-resolution image” (“nonhomogenous high resolution pictures™). Id. Martins
forms the superresolution picture “by mapping pixels from each of the references
pictures” using a “block-based motion-compensation scheme” accounting for
pixels at varying quality. /d., 4-5. A POSITA would have understood that the
aspect of Martins’ superresolution enlarger that performs these operations

corresponds to a “positioner” that provides the claimed functionality.

5.2]

Martins uses “spatial interpolation” to “[c]omplete the [s]Juperresolution
[plicture” by “alternat[ing] between horizontal and vertical 2:1 upsampling.”
APPLE-1007, 6, FIG. 3. A POSITA would have understood that the aspect of
Martins’ superresolution enlarger that performs these operations corresponds to an

“interpolator” that provides the claimed functionality. APPLE-1003, §89.

80



Attorney Docket No. 50095-02421P2

IPR of U.S. Patent No. 10,218,995

l LAY Martins’ Upsampling
Process
Motion Estimation
{V.H) (4)
T Pixel(s) on No

trajectory?

Yes

4 the maxch\
(3) o

Yes l
1

Calculate
quality (3)¥

¥

Insert best pixel
in “"c‘.md p*

Pme

¥

MV/2,H)
or
WV.H/2)

Interpolate
pixels

Insert B pixel for
undefined p

mo

pixels

* PV H)

APPLE-1007, FIG. 3 (annotated)

[5.3]

Following the process described in [5.2], Martins outputs a resulting

superresolution picture at a particular high resolution. APPLE-1007, 6; APPLE-

1003, 9987-89. Each pixel of the resulting superresolution picture has an

“attribute” showing “whether it was determined by motion compensation” or
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“interpolation.” APPLE-1007, 6. A POSITA would have understood that the aspect
of Martins’ superresolution enlarger that performs these operations corresponds to
an “estimated picture creator” that provides the claimed functionality. APPLE-
1003, 989.

[5.4]

Martins’ upsampling algorithm determines whether the resulting
superresolution picture requires further repetitions to reach the prescribed “Final
Resolution,” including for both a high resolution picture upsampled using motion
compensation (“a nonhomogenous high resolution picture from the positioner”)
and a high resolution picture upsampled using interpolation (“a nonhomogenous
estimated picture from the estimated picture creator”’). APPLE-1007, 4, Fig. 2;
APPLE-1003, 9339. If the “Final Resolution” has not been met, Martins’
upsampling process repeats until the desired resolution is achieved. APPLE-1007,
4, Fig. 2. Otherwise, repetition is unnecessary. APPLE-1007, 4, Fig. 2. A POSITA
would have found it obvious that Martins’ super-resolution enlarger included a
“repetition determiner” for performing this functionality. APPLE-1003, 4339;

APPLE-1003, €89.
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IV. PTAB DISCRETION SHOULD NOT PRECLUDE
INSTITUTION

Petitioner believes that discretionary denial is unwarranted, and yet,
Petitioner intends to utilize the bifurcated briefing process contemplated by the
March 26, 2025, Stewart Memorandum to rebut contentions if offered by Patent

Owner to the contrary. See https://www.uspto.gov/about-us/events/learnaboutnew-

interim-processes-relating-institution-aia-proceedings (April 24, 2025);

https://uspto.cosocloud.com/p9xpz6s4in75 (Video).
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V.  CONCLUSION AND FEES

The Challenged Claims are unpatentable. Petitioner authorizes charge of
fees to Deposit Account 06-1050.

VI. MANDATORY NOTICES UNDER 37 C.F.R § 42.8(a)(1)
A. Real Party-In-Interest Under 37 C.F.R. § 42.8(b)(1)

Apple Inc. is the sole petitioner and real party-in-interest.

B. Related Matters Under 37 C.F.R. § 42.8(b)(2)

The *995 Patent is the subject of the following pending civil actions:
Advanced Coding Technologies LLC v. Apple Inc., 2:24-cv-00572 (E.D. Tex.),
filed July 22, 2024 (see APPLE-1004) and Advanced Coding Technologies LLC v.
Google LLC, 2:24-cv-00353 (E.D. Tex.), filed May 10, 2024.

Apple filed an IPR petition challenging a different subset of claims of the
’995 Patent on May 9, 2025 in IPR2025-00984. Apple also filed an IPR petition
on related U.S. Patent No. 9,042,448 in IPR2025-01070 on June 2, 2025. The
’995 Patent is a divisional of the 448 Patent. Google filed an IPR petition
challenging claims of the *995 Patent on May 12, 2025 in IPR2025-01000.

The *995 Patent was also previously asserted in Advanced Coding
Technologies LLC v. Samsung Electronics Co. Ltd., 2:22-cv-00499 (E.D. Tex.) and
Advanced Coding Technologies LLC v. LG Electronics, Inc., 2:22-cv-00501 (E.D.

Tex.). Samsung previously filed an IPR on the *995 Patent in IPR2024-00372.
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Apple understands that these prior district court actions and the-00372 IPR

involving the 995 Patent have all been terminated or dismissed due to settlement

between the parties in those proceedings. Apple was not a party to those

proceedings.

C. Lead And Back-Up Counsel Under 37 C.F.R. § 42.8(b)(3)

Petitioner provides the following designation of counsel.

Lead Counsel Backup counsel

W. Karl Renner, Reg. No. 41,265
Fish & Richardson P.C.

60 South Sixth Street

Suite 3200

Minneapolis, MN 55402

Tel: 202-783-5070

Fax: 877-769-7945

Email: IPR50095-02421P2(@fr.com

Jeremy J. Monaldo, Reg. No. 58,680
Nicholas Stephens, Reg. No. 74,320
Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

Tel: 202-783-5070

Fax: 877-769-7945
IPR50095-02421P2@fr.com

D. Service Information

Please address all correspondence and service to the address listed above.

Petitioner consents to electronic service by email at [IPR50095-02421P2@ftr.com.
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Dated: June 13, 2025

(Control No. IPR2025-01158)

Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

Respectfully submitted,

/Nicholas W. Stephens/

W. Karl Renner, Reg. No. 41,265
Jeremy J. Monaldo, Reg. No. 58,680
Nicholas Stephens, Reg. No. 74,320
Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

T: 202-783-5070

F: 877-769-7945

Attorneys for Petitioner
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Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

CERTIFICATION UNDER 37 CFR § 42.24

Under the provisions of 37 CFR § 42.24(d), the undersigned hereby certifies
that the word count for the foregoing Petition for Inter partes Review totals 13,868

words, which is less than the 14,000 allowed under 37 CFR § 42.24.

Dated: June 13, 2025 /Nicholas W. Stephens/
W. Karl Renner, Reg. No. 41,265
Jeremy J. Monaldo, Reg. No. 58,680
Nicholas Stephens, Reg. No. 74,320
Fish & Richardson P.C.
60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
T: 202-783-5070
F: 877-769-7945

Attorneys for Petitioner
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Attorney Docket No. 50095-02421P2
IPR of U.S. Patent No. 10,218,995

CERTIFICATE OF SERVICE

Pursuant to 37 CFR §§ 42.6(e)(4)(i) et seq. and 42.105(b), the undersigned
certifies that on June 13, 2025 a complete and entire copy of this Petition for /nter
partes Review, Power of Attorney, and all supporting exhibits were provided via
Federal Express, to the Patent Owner by serving the correspondence address of

record as follows:

JOSHUA GOLDBERG
Nath, Goldberg & Meyer
112 S. West Street
Alexandria, VA 22314
UNITED STATES
(703) 548-6284

/Crena Pacheco/

Crena Pacheco

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
pacheco@fr.com




