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I, Scott T. Acton, hereby declare as follows:

I. INTRODUCTION

1. I have been retained on behalf of Amazon.com, Inc. and Amazon.com
Services LLC (*“Amazon” or “Petitioner”) to offer technical opinions related to U.S.
Patent No. 11,936,876 (“the *876 patent”) (EX-1001). I understand that Amazon is
requesting that the Patent Trial and Appeal Board (“PTAB” or “Board”) institute an
inter partes review (“IPR”) proceeding of the *876 patent. Specifically, I have been
asked to consider the validity of claims 1-18 of the ’876 patent (the “Challenged
Claims™) in view of prior art and obviousness considerations from the perspective
of a person of ordinary skill in the art at the time of the invention (“POSITA”) as it
relates to the 876 patent.

2. I am being compensated for my time at my standard consulting rate
$550/hour. I am also being reimbursed for expenses that I incur during the course of
this work. My compensation is not contingent upon the results of my study, the
substance of my opinions, or the outcome of any proceeding involving the
Challenged Claims. I have no financial interest in the outcome of this matter or on
the pending litigation between Petitioner and Patent Owner.

3. My analysis here is based on my years of education, research and
experience, as well as my investigation and study of relevant materials, including

those cited herein.



4. I may rely upon these materials, my knowledge and experience, and/or
additional materials to rebut arguments raised by the Patent Owner. Further, I may
also consider additional documents and information in forming any necessary
opinions, including documents that may not yet have been provided to me.

5. My analysis of the materials in this proceeding is ongoing, and I will
continue to review any new material as it is provided. This declaration represents
only those opinions I have formed to date. I reserve the right to revise, supplement,
and/or amend my opinions stated herein based on new information and on my

continuing analysis of the materials already provided.

II. BACKGROUND AND QUALIFICATIONS
6. I am currently the AT&T Professor of Engineering and Applied Science

at the University of Virginia. I am also Chair of the C.L. Brown Department of
Electrical and Computer Engineering.

7. I earned a Bachelor of Science Degree (1988) in Electrical Engineering
from Virginia Tech. I also earned both a Master of Science Degree (1990) and a
Ph.D. (1993) in Electrical Engineering from The University of Texas at Austin. My
Ph.D. research was in the field of signal and image processing.

8. From 1993 to present I have held a variety of professional and academic
positions. I was a postdoctoral research associate at the Center for Space Research
in 1994. From 1994-2000, I was assistant professor and then associate professor at
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Oklahoma State University. From 2000-present, I have been associate professor and
then professor at the University of Virginia. I am Director of the Virginia Image and
Video Analysis laboratory.

0. Between 2019 and 2022, 1 worked for the federal government as a
Program Director in the Computer and Information Science and Engineering
directorate of the National Science Foundation (NSF). In 2021-2022, I was promoted
to acting Deputy Division Director of the Computing and Communication
Foundations division. At NSF, I contributed to programs in signal processing and
information theory/coding, Communications and Information Foundations, Smart
Health, Foundational Research in Robotics, the AI Institutes, and Predictive
Intelligence for Pandemic Prevention.

10. I am a member of numerous professional societies and organizations.
For example, I recently completed a four-year term as the Editor in Chief of the IEEE
Transactions on Image Processing (2014-2018). The IEEE Transactions on Image
Processing is the flagship journal for image and video processing, including image
and video coding. I was the General Chair of the 2018 IEEE International
Symposium on Biomedical Imaging.

11.  For over 30 years, | have conducted research and taught classes in the
field of image processing and image analysis, including image and video coding.

My research in the image processing area began with work in the Laboratory for



Vision Systems (starting in 1988) and applied research with Motorola
Semiconductor Products Sector (starting in 1990).

12. At the University of Virginia, I teach a variety of courses, including
Digital Image Processing, Digital Signal Processing, Signals and Systems, the
Science of Information, and “How the iPhone works.” 1 have received several
teaching awards such as the All University Teaching Award (2009) and the
Educational Innovation Award (2017).

13. I have over 300 publications related to image processing and image
analysis. In 1996, I was named the Outstanding Young Electrical Engineer by Eta
Kappa Nu and IEEE (national award). In 2013, I was named an IEEE Fellow. I have
several best paper awards and have led several international conferences, such as the
IEEE International Symposium on Biomedical Imaging that I co-chaired in 2018
(Washington, D.C.). In 2021, T was given the Director’s Award for Superior
Accomplishment from the National Science Foundation.

14. My research in image processing and analysis has been funded by a
variety of government agencies, foundations and companies. The agencies include
the National Institutes of Health, NSF, Defense Advanced Research Project Agency
(DARPA), Army Research Office (ARO) and the U.S. Department of Transportation
(USDOT). The Foundations include the Bill and Melinda Gates Foundation, the

Robertson Foundation, the Hobby Foundation, the Whitaker Foundation and the



Swortzel Foundation. Companies that have funded my research include Lucent,
PocketSonics, Zimmer, Motorola and SVS.

15. My current curriculum vitae (attached hereto as Exhibit A) further sets
out my academic and professional background and qualifications.

16. In writing this Declaration, I have considered the following: my own
knowledge and experience, including my work experience in the fields of digital
video processing, digital image processing, and electrical engineering; my
experience in teaching those subjects; and my experience in working with others
involved in those fields. In addition, I have reviewed and analyzed the materials

1dentified in the list of materials considered.

III. SUMMARY OF OPINIONS

17.  For the reasons I discuss below, it is my opinion that claims 1-18 of the

’876 patent are disclosed in the prior art, and are rendered obvious by the prior art.

IV. 876 PATENT OVERVIEW
18. The ’876 patent, titled “Methods and Apparatus for Signaling Intra

Prediction for Large Blocks for Video Encoders and Decoders,” issued March 19,
2024, from application 17/351,649 (filed June 18, 2021). I understand that the 876
patent is a continuation of application 15/806,893 (filed November 8, 2017), which,
in turn, is a continuation of application 13/381,538 (filed June 29, 2010). I

understand that the 876 patent claims priority to Provisional Application No.
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61/222,177, filed July 1, 2009. I understand that, for purposes of this Petition only,

Petitioner has used July 1, 2009 as the priority date for the 876 patent.

A.  Technology Background

19. A video sequence displays consecutive images, or frames, at a rate that
creates the illusion of motion. Each frame is divided into slices that are further
partitioned into macroblocks (or “blocks” in newer standards), with each
macroblock/block representing a small rectangular region of the frame that is
individually processed.

20. A video sequence generally is first processed using an encoder that
generates encoded video data from the video sequence. The encoded video data is
then provided (e.g., by transmitting over a network) to a decoder, where the decoder
reconstructs the original video sequence from the encoded video data. Transmission
of uncompressed video requires large amounts of data and bandwidth, which may
stress a communication system and/or result in degradation or loss of video quality.
Compression techniques have therefore been developed, and utilized by video
encoders and video decoders, to reduce the amount of data required to transmit a
video. Such compression techniques include intra and inter prediction. Intra
prediction exploits spatial redundancy within a frame by predicting blocks in the

frame based on other blocks in the frame, while inter prediction exploits temporal



redundancy between frames by predicting blocks based on previously coded
reference frames.

21.  Most modern video coding standards, including the MPEG-4 AVC
Standard (“MPEG-4 AVC” or “H.264”), provide for intra prediction to exploit
spatial correlations within a picture. EX-1001, 1:28-42. Intra prediction works by
predicting the contents of one block of pixels based on the contents of a nearby block
of pixels. For example, intra prediction may indicate the direction of the set of pixels
that are most similar to the pixels currently being coded, as shown in Figure 1 of

the *876 patent. EX-1001, Fig. 1, 1:48-2:12.

PRIOR_ART

22. In this figure, item O represents a “vertical prediction mode” (i.e., the
value of the current block is predicted to be similar to the value of the block above
it), item 1 represents a “horizontal prediction mode” (i.e., the value of the current
block is predicted to be similar to the value of the block to its left), and the other

numbers represent similar prediction directions (e.g., 4 represents ‘“diagonal-



down/right prediction mode). EX-1001, 1:50-2:12. MPEG-4 AVC allows intra
coding for block sizes of 4x4, 8x8, and 16x16 pixels. EX-1001, 1:28-42.

23.  As far back as 1994, there were proposals to use block sizes of up to
64x64 pixels. EX-1009 (M. Faundez-Zanuy, F. Vallverdi.Bayes, F. Tarrés-Ruiz
“Contributions to interframe coding.” Workshop on image analysis & synthesis in
image coding. October 1994), 4 (Table 2). These large blocks would be coded using
a hierarchical “quadtree structure.” 1d., 3 (Fig. 2) (“Dashed squares are intraframe

coded zones.”).

1d., 3 (Fig. 2) (annotated).

24.  The quadtree allows encoding for any level of the hierarchy. EX-1009,
3. For example, as shown in the above figure, the single 1 bit at the top of the
hierarchy indicates that the 64x64 block is not all encoded the same, but each of the
four 32x32 sub-blocks must be encoded separately. EX-1009, 3. A 0 bit at any level

indicates that the entire block is encoded the same. EX-1009, 3. For example, in the
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above figure “00” at the 32x32 block level indicates that the entire 32x32 block is
encoded as interframe (binary code and associated 32x32 block highlighted in red),
while “01” indicates that the entire 32x32 block is encoded intraframe (binary code
and associated 32x32 block highlighted in blue). EX-1009, 3. A 1 bit, on the other
hand, indicates that the sub-blocks must be coded separately. So, as shown in the
above figure, a “1” for a 32x32 block indicates that each 16x16 block within that
particular 32x32 block is encoded separately (binary code and associated 32x32
block highlighted in yellow), because some 16x16 blocks may be interframe, some
may be intraframe, and some may need to be split further. At the lowest level (e.g.,
8x8 blocks), there is no need for the leading 0 bit, and the single bit indicates
interframe or intraframe encoding for that leaf block. EX-1009, 3. While this
particular example uses a single bit to represent whether the block is interframe or
intraframe encoded, the structure can be utilized with other block-based compression

methods to reduce inter-block redundancy. EX-1009, 5.

B. Purported Invention

25.  According to the *876 patent, the purported invention is to signal intra
prediction for a block that is larger than what it calls a “basic coding unit.” EX-1001,
4:20-34. The ’876 patent discloses signaling intra prediction by selecting a basic
coding unit size and assigning a single spatial intra partition type for that basic

coding unit size. EX-1001, 4:20-34. Further, the intra prediction is hierarchical,



allowing splitting from the large block to the basic coding unit size and merging
from the basic coding unit size to the large block size. EX-1001, 4:20-34. The
hierarchical intra prediction uses “split signaling” to indicate whether each block is

to be split into smaller sub-blocks, as shown in Figure 6. EX-1001, Fig. 6, 10:3-35.

FIG. 6
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26. The ’876 patent includes a syntax table (Table 4), showing an

exemplary syntax for the hierarchical coding. EX-1001, 11:10-48.
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TABLE 4

macroblock_layer ) { C Descriptor
intra64_flag 2 u(l)
if (intra64_flag==1) {
intra64_DC_flag 2 u(l)
if (intra64_DC_flag==0) {
intra_pred_mode_64 2 ue(v)/se(v)
if (intra_pred_mode_64==Multi-DIR) {
intra64_multidir_index 2 ue(v)/se(v)
}
¥
else {
for (i32=0; i32<4; i32++) {
intra32_flag[i32] 2 u(l)
if (intra32_flag[i32]==1) {
intra32_DC_flag[i32] 2 u(l)
if (intra32_DC_flag[i32]==0) {
intra_pred_mode_32[i32] 2 ue(v)/se(v)
if (intra_pred_mode_32[i32]==Multi-DIR) {
intra32_multidir_index[i32] 2 ue(v)/se(v)
}
}
else {
for (i16=0; i16<4; i16++) {
sip_type[il6] 2 ue(v)/se(v)
if (sip_type[il6]==SIP16x16) {
intra_pred_mode_16[i16] 2 ue(v)/se(v)
if (intra_pred_mode_16[i16]==Multi-DIR) {
intral 6_multidir_index[i16] 2 ue(v)/se(v)
¥

else if (sip_type[il6]!=SIP16x16_DC) {
mb_intra_prediction_syntax( ); /*this is same as H.264*/
¥

¥
¥

27. Asdescribed in the *876 patent, a flag (“intra64 flag”) set to 1 indicates
the entire 64x64 block uses one prediction mode (“intra_pred mode 64”). EX-1001,
11:51-53. (Note that the *876 patent is inconsistent with the capitalization of these
variable names. Table 4 does not capitalize them (e.g., “intra64 flag”), while the rest
of the specification refers to them as capitalized (e.g., “Intra64 flag”). For
consistency, I use the non-capitalized versions from Table 4.) If “intra64 flag” is set

to 0, then for each 32x32 sub-block, a flag (“intra32 flag”) is set to 1 to indicate that
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the entire 32x32 block uses one prediction mode (“intra_pred mode 32”) or is set
to 0 to indicate the 32x32 block is to be further split into 16x16 blocks. Id., 11:51-
12:6. The prediction mode for each of those 16x16 blocks is then set
(“intra_pred mode 16”). Id., 12:49-51. For each of the 64x64, 32x32, and 16x16
levels, if the prediction mode is multi-directional (Multi-DIR), then the index of the
angle 1s also coded for that block (“intra64 multidir index,”
“intra32_multidir_index,” “intral6_multidir_index”). Id., 11:60-12:53. None of
this, however, was new at the time of the patent; rather, as explained below, the
Patent Owner merely merged together ideas that were already well-known or would

have been obvious in view of the existing prior art disclosures.

C. Prosecution

28.  While I have reviewed the prosecution history for the *876 patent, and
considered it in rendering my opinions, I am not relying on any particular portion of

the prosecution history for any of my opinions.

V. LEVEL OF ORDINARY SKILL
29. A person of ordinary skill in the art (“POSITA”) in the field of video

encoding and decoding at the time of the purported invention of the 876 patent
would have had at least a bachelor’s degree in electrical engineering, computer
science, computer engineering, or a related field, and approximately three years of

experience in design, development, and/or testing of relevant multimedia processing,
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such as video, and/or image processing or coding. Advanced graduate studies with
coursework and/or research focusing on topics of video encoding and decoding

could substitute for working experience in the field.

VI. MATERIALS CONSIDERED AND RELIED UPON

30. In forming my opinions expressed herein, in addition to relying on my

education and experience, I considered the totality of the following materials:

No. Exhibit

1001 U.S. Patent No. 11,936,876 (“’876 patent”)

1002 File History of the 876 patent

1005 W02008/083633 (“Xiong”)

1006 Certified English Translation of WO2008/083633

1007 European Patent No. EP2081388 (“Xiong EP”)

1008 Enlarging MB size for high fidelity video coding beyond HD
(“VCEG-AJ21”), available at https://www.itu.int/wftp3/av-
arch/video-site/0810 San/VCEG-AJ21.zip

1009 M. Faundez-Zanuy, F. Vallverdi_Bayes, F. Tarrés-Ruiz
“Contributions to interframe coding.” Workshop on image analysis
& synthesis in image coding. October 1994.

1010 ITU-T Recommendation H.264 (November 2007) (“H.264”)

1011 Editing State of Text Relating to ITU-T Rec. H.264 | ISO/IEC
14496-10 Amendments 1 and 2 (“ITU-T H.264 Draft”)

1012 Declaration of Dr. Clifford Reader (“Reader”)

1013 Declaration of June Ann Munford (“Munford”)
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No. Exhibit

1014 “The H.264/AVC Advanced Video Coding Standard: Overview and
Introduction to the Fidelity Range Extensions,” Gary J. Sullivan, et
al. (August 2004) (“Sullivan1”)

1015 ITU-T Recommendation H.264 (March 2005) (“H.264 (03/2005)”)

1016 Recommendation H.264 (2005) Amendment 1 (06/06) (Munford,
Appendix H26402) (“Amendment 1)

1017 Recommendation H.264 (2005) Amendment 2 (04/07) (Munford,
Appendix H26403) (“Amendment 2”)

1018 “The H.264/MPEG-4 Advanced Video Coding (AVC) Standard,”
Gary J. Sullivan, Ph.D (July 2005) (“Sullivan2”), available at
https://www.itu.int/ITU-
T/worksem/vica/docs/presentations/S3_P1_Sullivan.pdf

31. Thave also considered any materials cited in this declaration even if not

included in the list above.

VII. LEGAL STANDARDS

32. Tamnotalawyer and do not provide any legal opinions, but I have been
advised that certain legal standards are to be applied by technical experts in forming
opinions regarding meaning and validity of patent claims. I have applied the legal
standards described below.

33. Itis my understanding that assessing the validity of a U.S. patent based
on a prior art analysis involves two steps. First, one must assess what meaning a

POSITA would have given the terms. Second, after assessing the meaning of the
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claim terms, one may then assess validity by comparing a patent claim to the “prior
art.” I understand that the teaching of the prior art is viewed through the eyes of a
POSITA at the time the invention was made. My analysis as to what constitutes a

relevant POSITA is set forth above.

A. Legal Standards for Priority Date
34. I understand that the “priority date” (or “earliest effective filing date”)

of a patent is the date on which it is filed, or the date on which an earlier application
was filed if the patentee properly claims the benefit of the earlier application’s filing
date. For purposes of my analysis in this declaration, I have assumed that the *876

patent is entitled to a priority date of July 1, 2009.

B. Legal Standards for Obviousness

35. My understanding is that a patent claim is invalid as obvious only if
the subject matter of the claimed invention “as a whole” would have been obvious
to a POSITA at the time the invention was made. To determine the differences
between a prior art reference (or a proposed combination of prior art references) and
the claims, the question of obviousness is not whether the differences themselves
would have been obvious, but whether the claimed invention as a whole would have
been obvious. Also, obviousness grounds cannot be sustained by mere conclusory
statements. Rather, it is necessary to provide some articulated reasoning with

rational underpinning to support the legal conclusion of obviousness.
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36. I understand that a patent claim that comprises several elements is not
proved obvious by simply showing that each of its elements was independently
known in the prior art. In my evaluation of whether any claim of the *876 patent
would have been obvious, I considered whether a POSITA would have had a reason
with a rational basis that would have motivated a POSITA to combine the elements
or concepts from the prior art in the same way as in the claimed invention.

37. It is my understanding that there is no single way to define the line
between true inventiveness on one hand—which is patentable—and the application
of common sense and ordinary skill to solve a problem on the other hand—which is
not patentable. For instance, factors such as market forces or other design incentives
may be the source of what produced a change, rather than true inventiveness.

38. Tunderstand that the decision-maker may consider whether the change
was merely the predictable result of using prior art elements according to their
known functions, or whether it was the result of true inventiveness. And the
decision-maker may also consider whether there is some teaching or suggestion in
the prior art to make the modification or combination of elements recited in the claim
at issue. Also, the decision-maker may consider whether the innovation applies a
known technique that had been used to improve a similar device or method in a
similar way. The decision-maker may also consider whether the claimed invention

would have been obvious to try, meaning that the claimed innovation was one of a
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relatively small number of possible approaches to the problem with a reasonable
expectation of success by those skilled in the art.

39. I understand that in considering obviousness, it is important to be
careful not to engage in hindsight and that many true inventions might seem obvious
after the fact. I understand that obviousness is considered from the perspective of a
POSITA at the time the claimed invention was made, and not based on what is
known today or what is learned from the teaching of the patent.

40. I understand that the following factors must be evaluated to determine
whether a claim is obvious: the scope and content of the prior art; the difference or
differences, if any, between the claim of the patent and the prior art; the level of
ordinary skill in the art at the time the claimed invention was made; and, if available,
the objective indicia of non-obviousness, also known as “secondary considerations.”

41. Tunderstand that the secondary considerations can include: commercial
success of a product due to the merits of the claimed invention; a long felt need for
the solution provided by the claimed invention; unsuccessful attempts by others to
find the solution provided by the claimed invention; copying of the claimed
invention by others; unexpected and superior results from the claimed invention;
acceptance by others of the claimed invention as shown by praise from others in the
field or from the licensing of the claimed invention; teaching away from the

conventional wisdom in the art at the time of the invention; independent invention
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of the claimed invention by others before or at about the same time as the named
inventor thought of it; and other evidence tending to show obviousness.

42. I understand that, to establish a secondary consideration, the evidence
must demonstrate a nexus between that secondary consideration and the claimed
invention.

43. 1 understand that a petition must identify, for any terms with means-
plus-function limitations, the specific portions of the specification that describe the
structure, material, or acts corresponding to each claimed function. I also understand
a rebuttable presumption exists that with use of the term, “means,” a claim term is
interpreted as means-plus-function.

44. 1 also understand that a petitioner seeking to demonstrate that the prior
art discloses a means-plus-function limitation must prove that the corresponding
structure—or an equivalent—was present in the prior art and performing the same
claimed function.

45. 1 understand that the standard for determining whether the prior art
discloses the corresponding structure or an equivalent is whether there are
insubstantial differences, which means that if the assertedly equivalent structure
performs the claimed function in substantially the same way to achieve substantially
the same result as the corresponding structure described in the specification, it is

equivalent.
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46. I understand that proving structural equivalence does not require a
component-by-component analysis, but rather that it is sufficient to show structure,
materials, or acts that perform the claimed function in substantially the same way to
achieve substantially the same result because the claim limitation is the overall

structure corresponding to the claimed function and not individual components.

VIII. CLAIM CONSTRUCTION

47.  Tunderstand that Petitioner has not proposed any terms for construction
because no constructions are necessary to resolve any disputes identified in the
Petition. I agree that no terms need to be construed to determine the unpatentability
of the challenged claims.

48. It is my opinion, however, that while the full scope of “basic coding
unit” need not be construed to resolve this Petition, for the avoidance of doubt, the
term should encompass, at least, a 16x16 block. This is consistent with the 876
patent’s disclosure, which includes an embodiment where the “basic coding unit” is

“set” “to be 16x16.” EX-1001, 9:66-67.

IX. DETAILED EXPLANATION OF GROUNDS
A. Ground 1A: Xiong in view of VCEG-AJ21

1. Xiong
49. Xiong (W0O2008/083633) was published July 17, 2008. Therefore, I

understand that Xiong qualifies as prior art under 35 U.S.C. 102(a).
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50. Xiong discloses a method and device for intra-frame prediction
encoding and decoding, which organizes blocks in hierarchical tree form. Xiong
(Abstract).! Xiong encodes “the basic encoding unit—a macroblock—or a sub-block
obtained by dividing a macroblock.” Xiong, 6 (“basic encoding unit” is a
macroblock, “or a sub-block obtained by dividing a macroblock™). After performing
prediction encoding on each basic encoding unit, the final encoding result of each
basic encoding unit is organized in a hierarchical tree structure. Xiong, 6. For
example, Figure 5 (below) shows a 16x16 macroblock, where the encoding result of
the upper-left 8x8 sub-block is obtained using one prediction method (directional
prediction method of H.264/MPEG-4 AVC); the encoding result of the lower-right
8x8 sub-block is obtained using a second prediction method (template matching
prediction method); the encoding result of the upper-right 4x4 sub-block is obtained
using a third prediction method (displacement intra-frame prediction method); and
the encoding results of the remaining three 4x4 sub-blocks of the upper right 8x8
block are obtained using the first prediction method (directional prediction method
of H.264/MPEG-4 AVC). Xiong, 6, Fig. 5. Note that Figure 5 of Xiong appears to
be missing hash marks that are included in the European counterpart. Compare EX-

1005 (Original Xiong reference), Fig. 5 with EX-1007 (Xiong EP), Fig. 5.

I Citations to Xiong refer to the English translation of the W0O2008/083633, EX-
1006.
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51.  Xiong further explains that the macroblock can be sizes other than
16x16, including “a 32x32 macroblock.” Xiong, 6.

52.  Xiong discloses that the encoding result for the frame includes
information indicating the block size and intra-frame encoding method for each
block. Xiong, 7. If all sub-blocks within a block are encoded with the same
prediction encoding method, information indicating the size of the block and the
intra prediction encoding method used for that block is written into the encoding
result for the frame. Xiong, 7. Similarly, if the block is a leaf node—meaning the
system will not subdivide it further—information indicating the size of the block and
the intra frame prediction encoding method used for that block is written into the
encoding result for the frame. Xiong, 7. Otherwise (i.e., there are sub-blocks, and
they use different intra prediction encoding methods) the subordinate branches are

further processed. Xiong, 7.
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53.  Xiong discloses a syntax table (Table 1) for encoding the multiple intra-

frame prediction encoding methods. Xiong 7, 9 (Table 1).

1 | mb_pred( mb_type ) | C | Descriptor
2 ext_intra_pred_flag 2 | u(l)lae(v)
3 if(ext_intra_pred flag ) |{
4 ext 16x16 pred flag 2 | ul(l)lae(v)
5 iftext 16x16 pred flag )
6 ext_16x16_pred mode 2 | ue(v) | ae(v)
7 ifl ext_16x16_pred_mode == DIP )
8 for{ compldx = 0; compldx < 2: compldx++ )
9 dvd[ 0 ][ 0 ][ compldx ] 2 [ue(v) | ae(v)
10 else |
11 for( luma8x8Blkldx=0; luma8x8Blkldx<4: luma8x8Blkldx++ ) {
12 ext_8x8_pred_flag[ luma8x8Blkldx ] 2 |u(l) | aeiv)
13 ift ext 8x8 pred flag[ luma8x8Blkldx ] ) {
14 ext_8x8 pred_mode[ luma8x8Blkldx ] 2 [ ue(v) | ae(v)
15 if( ext_8x8 pred mode[ luma8x8Blkldx ] == DIP )
16 for( compldx = 0; compldx < 2; compldx++ )
17 dvd[ luma8x8Blkldx ][ O ][ compldx ] 2 | ue(v) | ae(v)
18 ] else |
19 noSubMbPartSizeLessThan8x8Flag = 0
20 for( lumadx4Blkldx=0; lumadx4Blkldx<4;
lumadx4BIkldx++ ) |
21 ext_4x4_pred_mode[ luma8x8BIkldx ][ luma4x4Blkldx ] 2 [ ue(v) | ae(v)
if{ ext_4x4_pred_mode[ luma8x8Blkldx ][ lumadx4Blkldx ]
22| ==
DIP )
23 for( compldx = 0: compldx < 2: compldx++ )
24 dvd[ luma8x8BlkIdx ][ lumadx4Blkldx ][ compldx ] 2 | ue(v) | ae(v)
25 1
26 )
27 |
28
29 | else {

Xiong, 9 (Table 1) (annotated with row numbers and colored rectangles).

54. The syntax element ext 16x16 pred flag indicates whether the entire
16x16 block uses the same intra prediction encoding method or whether it is divided
into 8x8 blocks that use different intra prediction encoding methods. Xiong, 8
(“ext 16x16 pred flag equal to 1 indicates that the macroblock for this intra
prediction type is partitioned as 16x16; ext 16x16 pred flag equal to 0 indicates

that the macroblock is further divided into 8x8 blocks”). In Table 1,
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ext 16x16 pred flag (shown in red rectangle) is coded as a syntax element in row
4. As seen inrow 5, if ext 16x16 pred flag is set to 1 (true), all of the statements in

rows 6 through 9 (shown in blue rectangle) are processed.

LLCAL LA paTu BEaE J g

ext 16x16 pred flag 2 |u(l)lae(v)

iflext 16x16 pred flag)
ext_16x16_pred_mode 2 | ue(v) | ae(v)

ifl ext 16x16 pred_mode == DIP )
for( compldx = 0; compldx < 2; compldx++ )
dvd[ 0 ][ 0 ][ compldx ] 2 | ve(v) | ae(v)

a
pRN e TN o N 4 ) I N

55. Those rows code a syntax element for the prediction mode for the entire
16x16 block (row 6). The syntax element ext 16x16 pred mode indicates the intra-
frame prediction method for the 16x16 block. Xiong, 8 (“ext 16x16 pred mode
indicates the intra frame prediction encoding method for a macroblock partitioned
as 16x167). If the prediction mode is set to DIP (displacement intra-frame
prediction)—where the differences between the current block and the candidate
block are identified in a displacement vector—then dvd (the displacement vector) is
coded (row 9). Xiong, 2 (“[W]hen encoding the current block, a similar block can
first be searched for within the already encoded region to serve as a candidate block.
This candidate block is indicated using a displacement vector labeling method,
which identifies the differences between the current block and the candidate
block.”), 8 (“dvd[ ][ ][ ] represents the displacement vector used when the encoding

method of displacement intra frame prediction (DIP) is applied”).
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56. If ext 16x16 intra pred flag is not set, then rows 11 through 24

(shown in green rectangle) are processed.

11 for( luma8x8Blkldx=0; IumanSElkldx<4: luma8x8Blkldx++ ) {
12 ext_8x8 pred_flag[ luma8x8BlklIdx ) 2 | u(l)lae(v)
13 if( ext_8x8_pred_flag[ luma8x8BIlkldx ] ) {
14 ext_8x8_pred_mode[ luma8x8Blkldx ] 2 | ue(v) | ae(v)
15 if( ext_8x8 pred mode[ luma8x8Blkldx ] == DIP )
16 for( compldx = 0; compldx < 2; compldx++ )
17 dvd[ luma8x8BlkIdx ][ O ][ compldx ] 2 | ue(v) | ae(v)
18 ] else {
19 noSubMbPartSizeLessThan8x8Flag = 0
20 for( lumad4x4Blkldx=0; lumad4x4Blkldx<4;

lumadx4Blkldx++ ) {
21 ext_4x4_pred_mode[ luma8x8Blkldx ][ lumadx4BlkIdx ] 2 | ue(v) | ae(v)

if( ext_4x4_pred_mode[ luma8x8BlkIdx ][ lumad4x4BIkIdx ]
22| ==
DIP )

23 for( compldx = 0; compldx < 2; compldx++ )
24 dvd[ luma8x8BIkIdx ][ lumadx4BlkIdx ][ compldx ] 2 | ue(v)lae(v)

57.  These instructions include a loop (starting at row 11), where each of the
8x8 sub-blocks of the 16x16 block are processed. For each 8x8 sub-block, the
ext 8x8 pred flag is set (row 12) if each of its 4x4 sub-blocks were encoded with
the same intra prediction encoding method. Xiong 8, 9 (Table 1). The
ext 8x8 pred flag is checked at row 13. If it is set (i.e., all 4x4 sub-blocks encoded

with the same intra prediction encoding method), then rows 14 through 17 are

processed.
14 cxt_—8x8_—prcd:modc[ luma8x8Blkldx ] 2 | ue(v) | ae(v)
15 if( ext_ 8x8 pred mode[ luma8x8Blkldx | == DIP )
16 for( compldx = 0; compldx < 2; compldx++ )
17 dvd[ luma8x8Blkldx ][ O ][ compldx ] 2 | ue(v) | ae(v)

58. Row 14 sets ext 8x8 pred mode to the intra prediction encoding
method used for that 8x8 block. Xiong, 8 (“ext 8x8 pred flag[ ] equal to 1 indicates
prediction with an 8x8 partition, and ext 8x8 pred flag[ ] equal to 0 indicates that
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the sub-block is further divided into 4x4 sub-blocks™), 9 (Table 1). If the prediction
mode is set to DIP (displacement intra-frame prediction), then dvd (the displacement
vector) is coded (row 17).

59. If ext 8x8 intra pred flag is not set, then rows 19 through 24 are

processed.
19 noSubMbPartSizeLess Than8x8Flag = 0
20 for( lumadx4Blkldx=0; lumadx4Blkldx<4;

lumadx4Blkldx++ ) {
21 ext_4x4_pred_mode[ luma8x8BlkIdx ][ lumadx4Blkldx ] 2 | ue(v) | ae(v)
if( ext_4x4_pred_mode[ luma8x8BIkIdx ][ lumad4x4BIkIdx ]

1

22|| ==
DIP )
23 for( compldx = 0; compldx < 2; compldx++ )
24 dvd[ luma8x8BIlklIdx ][ lumadx4Blkldx ][ compldx ] 2 | ue(v)lae(v)

60. In those rows, for each of the 4x4 sub-blocks, the ext 4x4 pred mode
is set (row 21) to the intra prediction encoding method used for that 4x4 block.
Xiong, 8, 9 (Table 1). If the prediction mode is set to DIP (displacement intra-frame
prediction), then dvd (the displacement vector) is coded (row 24).

61. So, at each level of the hierarchy, a flag (ext [NxN] pred flag) is set.
If set to 1, the prediction mode for that entire block is coded
(ext [NxN] pred mode). If the flag is not set, there is a loop that processes each of
the sub-blocks. Further, when the intra-prediction encoding method is set for a
particular level of the hierarchy, and that intra-prediction encoding method is DIP

(displacement intra prediction), then the displacement vector is also coded for that

block. Xiong, 5, 9 (Table 1).
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62. The syntax table of Xiong (Table 1) is analogous to the syntax table of
the ’876 patent (Table 4). Each table has a flag at each hierarchical level indicating
whether a prediction mode is applied for the entire block (intra[N] flag for the 876
patent, and ext [NxN] pred flag for Xiong). Each codes the mode for the entire
block if the flag is set to 1 (intra pred mode [N] for the ’876 patent, and
ext [NxN] pred mode for Xiong). If the flag is set to 0, each has a loop that
processes each subblock. And each codes direction information for the block based
on the prediction mode (intra[N] multidir index for the ’876 patent, and dvd for
Xiong).

2.  VCEG-AJ21

63. Itis my understanding that VCEG-AJ21 is printed publication, publicly
available by October 8, 2008, making it prior art to the 876 patent under 35 U.S.C.
§102(a). Reader 9931-48.

64. VCEG-AJ21 extended the architecture of the H.264 codec with
enlarged macroblock sizes. VCEG-AJ21, 1 (Abstract). In particular, VCEG-AJ21
discloses enlarging the H.264 macroblock size of 16x16 to “NxN,” where N is
increased according to powers of 2, and gives examples of 32x32, 64x64, and
128x128. VCEG-AJ21, 3 (“N indicates the maximum pixel size for the enlarged MB

and can be increased with power of 2 such as 32, 64 or 128.”). VCEG-AJ21 also

26



discloses using a hierarchical structure for large blocks. Figure 3 shows such a

hierarchy starting with a 64x64 block.

32x64 P32x32
64 . 64
Stage 1
64 64
“3x32 32x16 16x32 P16x16
Stage 2
[6x16 16x8  8x16  P8x8
Stage 3
Stage 4 §x8 8x4 4x8 dxd

=l
VCEG-AJ21, 3 (Fig. 3).

3. Motivation to Combine Xiong and VCEG-AJ21

65. A POSITA would have been motivated to combine Xiong and VCEG-
AJ21 to extend Xiong’s hierarchical block structure to larger blocks, including
64x64 and 128x128 and would have had a reasonable expectation of success in doing
SO.

66. Both references build upon H.264. Xiong (Background Art); VCEG-
AJ21, 1 (Abstract). In particular, both references describe macroblocks larger than
the 16x16 macroblocks used in H.264. Xiong, 6 (“Of course, the macroblock here is

not necessarily limited to a 16x16 macroblock; it can also be of other sizes, such as
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a 32x32 macroblock.”); VCEG-AJ21, 3 (“Table 1 lists the H.264 elements that must
be modified by enlarging the MB sizes. As aforementioned, this is not the exhaustive
list. In Table 1, N indicates the maximum pixel size for the enlarged MB and can be
increased with power of 2 such as 32, 64 or 128.”).

67. A POSITA would have used VCEG-AJ21’s disclosure of 64x64 and
128x128 macroblocks as examples of macroblocks “of other sizes,” referred to in
Xiong. A POSITA would have had a reasonable expectation of success using 64x64
and 128x128 blocks with Xiong because the hierarchical structure and related syntax
is easily expanded using routine engineering principles. In particular, a POSITA
would have known to reuse or replicate the portion of software/firmware in Xiong’s
system for encoding and decoding the syntax elements described in Table 1 (which
addresses 16x16 and 8x8 blocks) to work on a larger, 32x32 block (e.g., using a
recursive function call to address each level of the hierarchy). The result—in
accordance with Xiong’s disclosure of ext 16x16 pred flag and 32x32
macroblocks—would include an ext 32x32 pred flag for 32x32 macroblocks.
Further, a POSITA would have understood that it would be a simple extension
(another reuse or replication of code) to add the 64x64 macroblocks disclosed by
VCEG-AJ21, providing ext 64x64 pred flag and ext 64x64 pred mode. In fact, a
POSITA would have understood generally that VCEG-AJ21’s disclosure of an

enlarged macroblock size combined with Xiong would result in
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ext [NxN] pred flag and ext [NxN] pred mode, where “N indicates the maximum
pixel size for the enlarged MB and can be increased with power of 2 such as 32, 64
or 128.” VCEG-AJ21, 3. And as explained in VCEG-AJ21, the benefit of extending
the system to use larger block sizes is “enhanced coding efficiency for high
resolution video coding. This extension is definitely beneficial to the long-term
living of H.264 for high resolution video coding beyond HD resolutions.” VCEG-
AJ21, 6.

68. A POSITA would not need undue experimentation to extend the
parameters of Xiong associated with 16x16 blocks to the 32x32 and 64x64 blocks
of VCEG-AIJ21. In fact, given the doubling of block width/height disclosed in Xiong
(4x4 to 8x8 to 16x16), the use of 32x32 and 64x64 would be the next two logical
and straightforward extensions. As mentioned, Xiong explicitly suggests using
larger blocks: “Of course, the macroblock here is not necessarily limited to a 16x16
macroblock; it can also be of other sizes, such as a 32x32 macroblock.” Xiong, 6. A
POSITA would have been motivated to use such larger blocks with the system
disclosed by Xiong because it would allow for more efficient use of bandwidth,
especially in higher definition systems. This change would involve making new
parameters associated with the larger blocks.

69. Furthermore, the POSITA would have understood there were only

finite, limited options for the size of larger blocks (as described by Xiong), given the
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practice of using blocks that are powers of two in height and width. There are not a
myriad of options, but really only one logical succession larger than 16x16 in size.
The next logical option would be the 32x32 block (=2°x2°), and the next option after
32x32 would be 64x64 (=2°x2°).

4. Claim 1

a. 1[pre]: A method of decoding picture data for at least a
large block in a picture, the method comprising:

70. If limiting, Xiong discloses or suggests 1[pre]. Xiong discloses a
“method...for intra frame prediction...decoding.” Xiong (Abstract). Xiong discloses
using macroblocks that can be 32x32 pixels. Xiong, 6 (“Of course, the macroblock
here is not necessarily limited to a 16x16 macroblock; it can also be of other sizes,
such as a 32x32 macroblock.”). Xiong further discloses decoding picture data from
macroblocks. Xiong, 10 (“Based on the information indicating block size and the
intra frame prediction encoding method used for each block, decoding is
performed.”). Thus, Xiong discloses or suggests a method of decoding picture data
for a macroblock (a large block (such as a 32x32 block)) in a picture.?

71.  VCEG-AJ21 also discloses using macroblocks of any size NxN, where

“N indicates the maximum pixel size for the enlarged MB and can be increased with

2 Ttalicized text is claim text unless otherwise noted.
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power of 2 such as 32, 64 or 128.” VCEG-AJ21, 3. Thus, the combined teachings of

Xiong and VCEG-AJ21 use large blocks that are 32x32, 64x64, or even 128x128.

b. 1[a]: determining that intra prediction is to be performed
for the large block, wherein the large block has a block
size equal to or larger than 32%32, and the large block size
is greater than a size of a basic coding unit;

72.  Xiong, alone or in combination with VCEG-AJ21, discloses or suggests
limitation 1[a]. Xiong discloses intra-frame prediction, as well as inter-frame
prediction. Xiong, (Background Art). Xiong’s Background Art section discusses
H.264/MPEG-4 AVC and how its intra-prediction encoding method can improved.
Xiong, (Background Art). To that end, Xiong discloses that if the
ext_intra pred flag is set to 1, then multiple intra-prediction encoding methods are
used within the frame, meaning intra-prediction encoding (and therefore decoding)?
is handled on a block-by-block basis (determining that intra prediction is to be
performed for the large block). Xiong, 8, 9 (Table 1).

73.  Xiong discloses blocks larger than 16x16. Xiong, 6 (“Of course, the
macroblock here is not necessarily limited to a 16x16 macroblock; it can also be of
other sizes, such as a 32x32 macroblock.”). While Xiong expressly recites a 32x32
macroblock as one example of a macroblock “of other sizes,” it is my opinion that a

POSITA would have understood that the reference to macroblocks “of other sizes”

3 Xiong discloses an “encoding/decoding method” based on the encoding structure
of Table 1. Xiong, 10.
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would include a 64x64 macroblock, as macroblocks are generally sized based on
powers of 2, and therefore a 64x64 macroblock is the next size up from a 32x32
macroblock (2°=32, 26=64). VCEG-AJ21 also discloses using macroblocks of any
size NxN, where “N indicates the maximum pixel size for the enlarged MB and can
be increased with power of 2 such as 32, 64 or 128.” VCEG-AJ21, 3. Thus, the
combined teachings of Xiong and VCEG-AJ21 use macroblocks that are 32x32,
64x64, or even 128x128 (wherein the large block has a block size equal to or larger
than 32%32). And it is my opinion that a POSITA would have been motivated to
make this combination for the reasons discussed above in §IX.A.3.

74.  Xiong discloses 16x16 blocks for intra prediction coding that, as
discussed above (supra §VIII), corresponds to a basic coding unit. Xiong, 8
(“ext _16x16 pred flag equal to 1 indicates that the macroblock for this intra
prediction type is partitioned as 16x16.”). Therefore, Xiong’s 32x32 block (the large
block) is both equal to or larger than 32%32, and has a size that is greater than a
size of a basic coding unit (i.e., larger than a 16x16 block used for intra-prediction
coding). Similarly, VCEG-AJ21’s 64x64 and 128x128 blocks are also equal to or
larger than 32 %32 and greater than a size of a basic coding unit (larger than a 16x16
block used for intra prediction coding), thereby qualifying as a “large block™ within

the scope of this claim, and meeting this limitation.
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c. 1[b]: decoding a binary split signaling syntax element
specifying that the large block is further split into four
equally sized sub-blocks;

75. Xiong in combination with VCEG-AJ21 discloses or suggests

limitation 1[b]. In particular, the combination discloses or suggests flags that
indicate whether a 64x64 block and a 32x32 block is split into four equally sized
sub-blocks (32x32 and 16x16 respectively). Those flags are binary split signaling
syntax element[s] specifying that the large block is further split into four equally
sized sub-blocks.

76.  Xiong discloses flags that indicate whether the 16x16 block and the 8x8
block are further split into four equally sized sub-blocks. Xiong, 8, 9 (Table 1); For
example, “ext 16x16 pred flag equal to O indicates that the macroblock is further
divided into 8x8 blocks,” “and ext 8x8 pred flag[ ] equal to O indicates that the
sub-block is further divided into 4x4 sub-blocks.” Xiong, 8. Xiong also discloses
that the macroblock may be sizes other than 16x16, “such as a 32x32 macroblock.”
Xiong, 6. As discussed above describing Xiong, it is my opinion that a POSITA
would have understood from Xiong’s teachings of using ext 16x16 pred flag to
indicate splitting of a 16x16 block into 8x8 subblocks, that when using a 32x32
macroblock, there would also be an ext 32x32 pred flag that, when set to 0,
indicates the 32x32 macroblock is divided into four 16x16 blocks. See §§IX.A.1,

IX.A3.
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77. Further, a POSITA would have understood that the combination of
Xiong and VCEG-AJ21 taught macroblocks of any size with width and height of 2N,
where N is an integer (e.g., 2°=32x32, 2°=64x64, 2"=128x128). VCEG-AJ21, 3. For
each block size, there would be a flag indicating whether that block is split into four
equally sized sub-blocks, as Xiong explicitly disclosed for 16x16, 8x8 blocks.
Xiong, 7 (“Specifically, if multiple blocks in the frame are encoded using at least
two different intra frame prediction encoding methods, with each method applied to
one or more blocks in the frame, information indicating that multiple intra frame
prediction encoding methods were used for prediction encoding is written into the
encoding result of the frame.”), 10. So, for a 64x64 block, there would be a flag (e.g.,
ext 64x64 pred flag) that indicates that block should be partitioned into four 32x32
sub-blocks. And it is my opinion that a POSITA would have been motivated to make
this combination for the reasons discussed above in §IX.A.3.

78.  The flags indicating whether a block is to be subdivided are set to either
0 (block is to be split) or 1 (block uses a single prediction mode, and is not to be
split), and are therefore binary. Xiong, 8, 9 (Table 1) (each flag is encoded as “u(1)”
indicating a 1 bit unsigned integer). Xiong discloses decoding these flags. Xiong, 10
(“If ext_16x16 pred flag equals 1, this indicates that the macroblock is partitioned
as 16x16. The ext 16x16 pred mode is then parsed to obtain the encoding method

of the current block.”).
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79.  Therefore, Xiong in combination with VCEG-AJ21 discloses a flag (a
binary split signaling element) specifying that a 32x32 block or a 64x64 block (each
a large block) is split into 16x16 sub-blocks (for a 32x32 block) or 32x32 blocks (for

a 64x64 block) (four equally sized sub-blocks).

d. 1[c]: decoding an intra prediction mode for the large block
that is not further split into four equally sized sub-blocks;

80. Xiong in combination with VCEG-AJ21 discloses or suggests
limitation 1[c]. As discussed for limitation 1[b], Xiong discloses a flag that indicates
whether a block is further split into four equally sized sub-blocks, such as
ext 16x16 pred flag and ext 8x8 pred flag. See §IX.A4.c. When
ext 16x16 pred flag is set to 1, that “indicates that the macroblock for this intra
prediction type 1is partitioned as 16x16.” Xiong, 8. Similarly, when
ext 8x8 pred flag is set to 1, that “indicates prediction with an 88 partition.”
Xiong, 8.

81. As also discussed for limitation 1[b], Xiong discloses a 32x32
macroblock, and Xiong in combination with VCEG-AJ21 discloses or suggests a
64x64 macroblock, and it is my opinion that a POSITA would have understood,
based on Xiong’s teachings, there would also be an ext 32x32 pred flag and an
ext 64x64 pred flag for those blocks. See §IX.A4.c. Just like
ext 16x16 pred flag and ext 8x8 pred flag, when ext 32x32 pred flag or
ext 64x64 pred flag is set to 1, it indicates that the intra prediction mode for that
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block (the large block) applies to the entire block; it is not further split into four
equally sized sub-blocks. Xiong, 8.

82. As shown in the syntax of Table 1, Xiong discloses that if
ext 16x16 pred flag is set (i.e., is 1), ext 16x16 pred mode—*the intra frame
prediction encoding method for a macroblock partitioned as 16x16”—is encoded.
Xiong, 8, 9 (Table 1). Similarly, if ext 8x8 pred flag is set, ext 8x8 pred mode—
“the intra frame prediction encoding method for each sub-block partitioned as
8x8”—is encoded. Xiong, 8, 9 (Table 1). Xiong discloses decoding
ext 16x16_pred mode and ext 8x8 pred mode. Xiong, 10 (“If
ext 16x16 pred_flag equals 1, this indicates that the macroblock is partitioned as
16x16. The ext 16x16 pred mode is then parsed to obtain the encoding method of
the current block. The decoding method corresponding to this encoding method is
used to decode the 16x16 macroblock.”), id. (“For each 8x8 block, based on its
ext 8x8 pred flag, if ext 8x8 pred flag equals 1, the intra frame prediction
encoding method ext 8x8 pred mode of the 8§x8 block is parsed from the code
stream.”).

83. It is my opinion that a POSITA would have understood that just like
when Xiong’s ext 16x16 pred flagissetto 1, ext 16x16 pred mode is encoded to
indicate the intra-frame encoding for the entire 16x16 block, for Xiong’s 32x32

macroblock, if ext 32x32 pred flag was set to 1, the intra-frame encoding method
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for that entire 32x32 block would be encoded. Xiong, 8 (“ext 16x16 pred mode
indicates the intra frame prediction encoding method for a macroblock partitioned
as 16x16”), 9 (Table 1) (“if(ext_16x16_pred flag)” encode ext 16x16 pred mode).
It is my further my opinion that a POSITA would have understood that
ext 32x32 pred mode would be decoded in the same way as
ext 16x16 pred mode and ext 8x8 pred mode, thereby decoding it would provide
an intra prediction mode for the large block that is not further split into four equally
sized sub-blocks, meeting this limitation.

84.  Further, it is my opinion that a POSITA would have understood, based
on Xiong’s teachings, that for a 64x64 macroblock, as disclosed by VCEG-AJ21, if
ext 64x64 pred flag was set to 1, the intra-frame encoding method for that entire
64x64 block would be encoded (i.e., there would be ext 64x64 pred mode similar
to ext 16x16 pred mode and ext 8x8 pred mode). A POSITA would have also
understood that ext 64x64 pred mode would be decoded in the same way as
ext 16x16 pred mode and ext 8x8 pred mode, thereby decoding it would provide
an intra prediction mode for the large block that is not further split into four equally
sized sub-blocks, meeting this limitation.

85.  Therefore, this limitation is met both by decoding the prediction mode
for a 32x32 block (ext 32x32 pred mode) (decoding an intra prediction mode for

the large block) that is not split into 16x16 subblocks (ext 32x32 pred flag set to
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1) (that is not further split into four equally sized sub-blocks), and separately by
decoding the prediction mode for a 64x64 block (ext 64x64 pred mode) (decoding
an intra prediction mode for the large block) that is not split into 16x16 subblocks
(ext_64x64 pred flag set to 1) (that is not further split into four equally sized sub-

blocks).

e. 1[d]: partitioning the large block into the four equally
sized sub-blocks in response to the decoded binary split
signaling syntax element specifying that the large block is
further split into four equally sized sub-blocks; and

86. Xiong in combination with VCEG-AJ21 discloses or suggests
limitation 1[d]. As discussed for limitation 1[b], Xiong discloses a flag that indicates
whether a block is further split into four equally sized sub-blocks, such as
ext 16x16 pred flag and ext 8x8 pred flag. See §IX.A.4.c.

87. As also discussed for limitation 1[b], Xiong and VCEG-AJ21 each
disclose a 32x32 macroblock, and a POSITA would have understood, based on
Xiong’s teachings, there would also be an ext 32x32 pred flag, and
ext 32x32 pred flag set to 0 indicates the 32x32 macroblock is divided into four
16x16 blocks. See §I1X.A.4.c.

88.  Asalso discussed for limitation 1[b], VCEG-AJ21 discloses or suggests
a 64x64 macroblock, and it is my opinion that a POSITA would have understood,

based on Xiong’s teachings, that there would also be an ext 64x64 pred flag. An
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ext 64x64 pred flag set to 0 indicates the 64x64 macroblock is divided into four
32x32 blocks. See §I1X.A 4.c.

89. Xiong discloses “If ext 16x16 pred flag equals 0, this indicates that
the 16x16 macroblock is divided into 8x8 blocks, and further parsing of each 8x8
block of the macroblock is required,” and “[i]f ext 8x8 pred flag equals 0, this
indicates that the current block is further divided into 4x4 sub-blocks, and the intra
frame prediction encoding method ext 4x4 pred mode of each 4x4 block is
parsed.” Xiong, 10. It is my opinion that A POSITA would have understood the
decoder to process ext 32x32 pred flag and ext 64x64 pred flag in a similar
manner—i.e., if ext 32x32 pred flag is set to 0, the current block is divided into
four 16x16 sub-blocks, and if ext 64x64 pred flag is set to 0, the current block is
divided into four 32x32 sub-blocks. As such, this dividing into sub-blocks of Xiong
discloses or suggests dividing the 32x32 macroblock (partitioning the large block)
into four 16x16 sub-blocks (into the four equally sized sub-blocks) when
ext 32x32 pred flag is set to 0 (in response to the decoded binary split signaling
syntax element specifying that the large block is further split into four equally sized
sub-blocks). In addition, Xiong also discloses or suggests dividing the 64x64
macroblock (partitioning the large block) into four 32x32 sub-blocks (into the four

equally sized sub-blocks) when ext 64x64 pred flag is set to O (in response to the
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decoded binary split signaling syntax element specifying that the large block is

further split into four equally sized sub-blocks).

f. 1[e]: decoding a second syntax element indicating a single
spatial intra partition type for at least one basic coding unit
sized sub-block, the single spatial intra partition type being
determinable from among a plurality of spatial intra
partition types.

90. Xiong in combination with VCEG-AJ21 discloses or suggests

limitation 1[e]. As discussed for limitation 1[b], Xiong discloses a flag,
ext 16x16 pred flag, that indicates whether a 16x16 block is split into four 8x8 sub-
blocks. See §1X.A 4.c.

91. As ext 16x16 pred flag sets the intra partition type for a 16x16
block—corresponding to a basic coding unit (supra §VII)—it is indicating a single
spatial intra partition type for at least one basic coding unit sized sub-block.

92.  Xiong thus discloses ext 16x16 pred flag (a second syntax element)
that when set to 1 indicates an intra partition type of 16x16 (indicating a single
spatial intra partition type for at least one basic coding unit sized sub-block), where
the intra partition type is selected from, at least 16x16, 8x8, and 4x4 (the single
spatial intra partition type being determinable from among a plurality of spatial
intra partition types).

93. Tothe extent PO argues ext 16x16 pred flag does not indicate a single

spatial intra partition type, Xiong further discloses encoding (and therefore
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decoding)* “the size of each block,” which is a syntax element indicating a single
spatial intra partition type being determinable from among a plurality of spatial intra
partition types. Xiong, 4 (“Information indicating the size of each block can be
written into the encoding result, so that the blocks within the same frame are not
limited to a fixed partitioning scheme, which is beneficial for using different intra
frame prediction encoding methods to achieve improved encoding performance.”).
94. To the extent PO argues that “ext 16x16 pred flag” does not alone
meet this limitation, it is my opinion that this limitation would have been obvious to
a POSITA, based on the teachings of Xiong. The combination of
ext 16x16 pred flag and ext 8x8 pred flag indicate the partition size, as shown in

the table I created below based on the teachings of Xiong.

ext 16x16 pred flag | ext 8x8 pred flag | Partition Size
(for each 8x8 sub-
block)

1 N/A 16x16

0 1 8x8

0 0 4x4

95. Itis my opinion that a POSITA would have been motivated by a desire

for efficiency and simplicity to encode both ext 16x16 pred flag and

4 Xiong discloses an “encoding/decoding method” based on the encoding structure
of Table 1. Xiong, 10.
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ext 8x8 pred flag as a single syntax element. Doing so would require fewer bits to
be transmitted, thereby saving bandwidth. And decoding and processing the single
syntax element would be a simpler process and would be possible given the limited

number of partition types (8x8, 4x4) that are smaller than the basic coding unit.

5. Claim 2: The method of claim 1, further comprising decoding
an intra prediction mode for the basic coding unit sized sub-block.

96. Xiong discloses or suggests the additional limitation of claim 2.

97. Xiong discloses decoding an intra prediction mode for a 16x16
macroblock—which is a basic coding unit sized sub-block, see §VIII. Xiong, 8
(“ext_16x16_pred mode indicates the intra frame prediction encoding method for a
macroblock partitioned as 16x16”). As discussed for limitations 1[a] and 1[e], Xiong
discloses doing intra prediction on a 16x16 block. See §§1X.A.4.b and 1X.A.4.f.

98. Xiong discloses decoding the intra prediction mode for a 16x16 block
by parsing ext 16x16 pred mode. Xiong, 8 (“ext 16x16 pred mode indicates the
intra frame prediction encoding method for a macroblock partitioned as 16x16”). As
discussed for limitation 1[a], Xiong discloses using a 32x32 block, of which a 16x16
block would be a sub-block. See §IX.A.4.b. Xiong thus discloses decoding
ext 16x16 pred mode (decoding an intra prediction mode) for a 16x16 block that

is contained within a 32x32 block (basic coding unit sized sub-block).
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6. Claim 3: The method of claim 1, further comprising decoding
a further binary split signaling syntax element specifying that at
least one of the four equally sized sub-blocks greater than a basic
coding unit size is further split into four smaller equally sized sub-
blocks.

99. Xiong in combination with VCEG-AJ21 discloses or suggests the
additional limitation of claim 3.

100. In addition to teaching larger blocks and prediction flags for the blocks,
Xiong also discloses the ext 16x16 pred_flag, which, when set to 0, “indicates that
the [16x16] macroblock is further divided into 8x8 blocks.” Xiong, 8.

101. As discussed for limitation 1[b], Xiong in combination with VCEG-
AJ21 discloses a flag for a 64x64 block that is a binary split signaling syntax element
specifying that the large block is further split into four equally sized sub-blocks. See
§IX.A.4.c. And the flag for a 32x32 block (e.g., ext 32x32 pred flag) is a further
binary split signaling syntax element specifying that at least one of the four equally
sized sub-blocks (32x32 blocks)—which are greater than a basic coding unit size
(e.g., a 16x16 block, see §VII)—is further split into four smaller equally sized sub-

blocks.

7. Claim 4: The method of claim 1, wherein the spatial intra
partition type specifies a size of a partition of the basic coding unit
sized sub-block.

102. Xiong in combination with VCEG-AJ21 discloses or suggests the

additional limitation of claim 4.
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103. As discussed for limitation 1[e], when ext 16x16 pred flagissetto 1,
that indicates a spatial intra partition type of a 16x16 block. See §IX.A.4.f. Thus,
the flag specifies the size (16x16, which is the size of a basic coding unit, see §VIII)

of a partition of the basic coding unit sized sub-block.

8. Claim 5
a. 5[pre]: An apparatus, comprising:

104. If limiting, Xiong discloses or suggests 5[pre]. Xiong discloses a
“device for intra frame prediction...decoding.” Xiong (Abstract). Xiong’s Figure 9

(below) shows a schematic of a decoding apparatus.

Decoder 1
First Reading Unit —
Decoder 2
Second Reading Unit —
Decoder n
Decoding Unit
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Xiong, Fig. 9, 5 (“Figure 9 is a structural diagram of the intra frame prediction

decoding device according to the second embodiment of the present invention.”).

b. 5[a]: at least a memory and one or more processors,
wherein the one or more processors are configured to:

105. Xiong discloses or suggests 5[a]. A POSITA would have understood
that Xiong’s “intra frame prediction decoding device” that “includes at least two
decoders” and two “reading unit[s]” would include a memory and at least one
processor. Xiong, 12, Fig. 9. Decoders and reading units are computing devices or
components that include memory to store instructions for decoding as well as the
video data being decoded. Such computing devices and components process

instructions through a microprocessor.

c. 5[b]: decode picture data for at least a large block in a
picture by determining that intra prediction is to be
performed for the large block, wherein the large block has
a large block size equal to or larger than 32%32, and the
large block size is greater than a basic coding unit size,
wherein the intra prediction is signaled for the large block
and the one or more processors are configured to:

106. Xiong in combination with VCEG-AJ21 discloses or suggests 5[b].
Xiong discloses decode picture data for at least a large block in a picture for
substantially the same reasons as 1[pre]. See §IX.A.4.a. Xiong in combination with
VCEG-AJ21 discloses or suggests determining that intra prediction is to be

performed for the large block, wherein the large block has a large block size equal
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to or larger than 32 %32, and the large block size is greater than a basic coding unit
size for substantially the same reasons as 1[a]. See §1X.A.4.b.

107. Xiong further discloses intra prediction is signaled for the large block.
Xiong, 10 (“Based on the information indicating block size and the intra frame

prediction encoding method used for each block, decoding is performed.”).

d. 5[c]: decode a binary split signaling syntax element
specifying that the large block is further split into four
equally sized sub-blocks;

108. Xiong in combination with VCEG-AJ21 discloses or suggests 5[c] for

substantially the same reasons as 1[b]. See §IX.A.4.c.

e. 5[d]: decode an intra prediction mode for the large block
that is not further split into four equally sized sub-blocks;

109. Xiong in combination with VCEG-AJ21 discloses or suggests 5[d] for

substantially the same reasons as 1[c]. See §I1X.A.4.d.

f. S|e]: partition the large block into the four equally sized
sub-blocks in response to the decoded binary split
signaling syntax element specifying that the large block
is further split into four equally sized sub-blocks; and

110. Xiong in combination with VCEG-AJ21 discloses or suggests 5[e] for

substantially the same reasons as 1[d]. See §IX.A.4.e.
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g. 5[f]: decode a second syntax element indicating a single
spatial intra partition type for at least one basic coding unit
sized sub-block, the single spatial intra partition type being
determinable from among a plurality of spatial intra
partition types.

111. Xiong in combination with VCEG-AJ21 discloses or suggests 5[f] for

substantially the same reasons as 1[e]. See §I1X.A 4.1,

0. Claim 6: The apparatus of claim 5, wherein the one or more
processors are configured to decode an intra prediction mode for the
basic coding unit sized sub-block.

112. Xiong in combination with VCEG-AJ21 discloses or suggests claim 6

for substantially the same reasons as claim 2. See §1X.A.S.

10. Claim 7: The apparatus of claim 5, wherein the one or more

processors are configured to decode a further binary split signaling
syntax element specifying that at least one of the four equally sized
sub-blocks greater than a basic coding unit size is further split into

four smaller equally sized sub-blocks.

113. Xiong in combination with VCEG-AJ21 discloses or suggests claim 7

for substantially the same reasons as claim 3. See §1X.A.6.

11. Claim 8: The apparatus of claim 5, wherein the spatial intra
partition type specifies a size of a partition of the basic coding unit.

114. Xiong in combination with VCEG-AJ21 discloses or suggests claim 8

for substantially the same reasons as claim 4. See §1X.A.7.
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12. Claim 11

a. 11[pre]: A method of encoding picture data for at least a
large block in a picture, the method comprising:

115. If limiting, Xiong discloses or suggests 11[pre]. Xiong discloses a
“method...for intra frame prediction encoding.” Xiong (Abstract). Xiong discloses
using macroblocks that can be 32x32 pixels. Xiong, 6. Xiong further discloses
encoding picture data from macroblocks. Xiong, 5 (“From these candidate encoding
results, the one with the best performance indicator is selected as the final encoding
result for that block.”). Therefore, Xiong discloses encoding picture data for 32x32
blocks (a large block in a picture). VCEG-AJ21 also discloses using macroblocks
of any size NxN, where “N indicates the maximum pixel size for the enlarged MB
and can be increased with power of 2 such as 32, 64 or 128.” VCEG-AJ21, 3. Thus,
the combined teachings of Xiong and VCEG-AJ21 use large blocks that are 32x32,

64x64, or even 128x128.

b. 11[a]: determining that intra prediction is to be performed
for the large block, wherein the large block has a block
size equal to or larger than 32%32, and the large block size
is greater than a size of a basic coding unit;

116. Xiong in combination with VCEG-AJ21 discloses or suggests 11[a] for

substantially the same reasons as 1[a]. See §IX.A.4.b.
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c. 11[b]: encoding a binary split signaling syntax element
specifying that the large block is further split into four
equally sized sub-blocks;

117. Xiong in combination with VCEG-AJ21 discloses or suggests 11[b].
As discussed for limitation 1[b], Xiong teaches decoding a binary split signaling
syntax element specifying that the large block is further split into four equally sized
sub-blocks. See §1X.A.4.c. Xiong discloses that the decoding discussed for limitation
I[b] is an example of “decoding” in Xiong’s “in the intra frame prediction
encoding/decoding method.” Xiong, 5. As such, it is my opinion that a POSITA
would have understood Xiong to disclose an encoding method that results in the data
that is decoded as described for limitation 1[b]. Therefore, Xiong in combination
with VCEG-AJ21 further discloses or suggests encoding the same binary split
signaling syntax elements (ext 32x32 pred flag and ext 64x64 pred flag)
discussed in as being decoded in limitation 1[b]. See §IX.A.4.c; Xiong, 8, 9 (Table

).

d. 11[c]: encoding an intra prediction mode for the large
block that is not further split into four equally sized sub-
blocks;

118. Xiong in combination with VCEG-AJ21 discloses or suggests 11[c]. As
discussed for limitation 1[c], Xiong discloses decoding an intra prediction mode for
the large block that is not further split into four equally sized sub-blocks. See

§IX.A.4.d. Xiong discloses that the decoding discussed for limitation 1[c] is an
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example of “decoding” in Xiong’s “in the intra frame prediction encoding/decoding
method.” Xiong, 5. As such, it is my opinion that a POSITA would have understood
Xiong to disclose an encoding method that results in the data that is decoded as
described for limitation 1[c]. Therefore, Xiong alone or in combination with VCEG-
AJ21 further discloses or suggests encoding an intra prediction mode for the large
block that is not further split into equally sized sub-blocks (ext 32x32 pred mode
and ext 64x64 pred mode) discussed in as being decoded in limitation 1[c]. See

§IX.A.4.d; Xiong, 8, 9 (Table 1).

e. 11[d]: partitioning the large block into the four equally
sized sub-blocks in response to the decoded binary split
signaling syntax element specifying that the large block is
further split into four equally sized sub-blocks; and

119. Xiong in combination with VCEG-AJ21 discloses or suggests 11[d] for

substantially the same reasons as 1[d]. See §1X.A 4.e.

f. 11[e]: encoding a second syntax element indicating a
single spatial intra partition type for at least one basic
coding unit sized sub-block, the single spatial intra
partition type being determinable from among a plurality
of spatial intra partition types.

120. Xiong in combination with VCEG-AJ21 discloses or suggests 11[e]. As

discussed for limitation 1[e], Xiong teaches decoding a second syntax element
indicating a single spatial intra partition type for at least one basic coding unit sized
sub-block, the single spatial intra partition type being determinable from among a

plurality of spatial intra partition types. See §1X.A.4.f. Xiong further teaches
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encoding a second syntax element indicating a single spatial intra partition type for
at least one basic coding unit sized sub-block, the single spatial intra partition type
being determinable from among a plurality of spatial intra partition types
(ext 16x16 pred flag) discussed in as being decoded in limitation 1[b]. See

§IX.A.4.f; Xiong, 8, 9 (Table 1).

13. Claim 12: The method of claim 11, further comprising
encoding an intra prediction mode for the basic coding unit sized
sub-block.

121. Xiong in combination with VCEG-AJ21 discloses or suggests the
additional limitation of claim 12.

122. Asdiscussed for claim 2, Xiong discloses or suggests decoding an intra
prediction mode for the basic coding unit sized sub-block. See §I1X.A.5. Xiong
further discloses or suggests encoding the same intra prediction mode for the basic
coding unit sized sub-block (ext 16x16 pred mode) discussed as being decoded in

claim 2. See §I1X.A.5; Xiong, 8, 9 (Table 1).

14. Claim 13: The method of claim 11, further comprising
encoding a further binary split signaling syntax element specifying
that at least one of the four equally sized sub-blocks greater than a
basic coding unit size is further split into four smaller equally sized
sub-blocks.

123. Xiong in combination with VCEG-AJ21 discloses or suggests the

additional limitation of claim 13.
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124. As discussed for claim 3, Xiong in combination with VCEG-AJ21
discloses or suggests decoding a further binary split signaling syntax element
specifying that at least one of the four equally sized sub-blocks greater than a basic
coding unit size is further split into four smaller equally sized sub-blocks. See
§IX.A.6. Xiong in combination with VCEG-AJ21 further discloses or suggests
encoding the same further binary split signaling syntax element specifying that at
least one of the four equally sized sub-blocks greater than a basic coding unit size is
further split into four smaller equally sized sub-blocks (ext 32x32 pred flag)

discussed as being decoded in claim 3. See §IX.A.6; Xiong, 8, 9 (Table 1).

15. Claim 14: The method of claim 11, wherein the spatial intra

partition type specifies a size of a partition of the basic coding unit
sized sub-block.

125. Xiong in combination with VCEG-AJ21 discloses or suggests claim 14

for substantially the same reasons as claim 4. See §1X.A.7.

16. Claim 15

a. 15[pre]: An apparatus comprising:
126. If limiting, Xiong discloses or suggests 15[pre]. Xiong discloses a

“device for intra frame prediction encoding.” Xiong (Abstract). Xiong’s Figure 8

shows a schematic of an encoding apparatus.
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Encoding Unit
Decoder 1
Decoder 2 > Selector L% Writing Unit
Decoder n

Xiong, Fig. 8, 5 (“Figure 8 is a structural diagram of the intra frame prediction

encoding device according to the second embodiment of the present invention;”).

b. 15[a]: at least a memory and one or more processors,
wherein the one or more processors are configured to:

127. Xiong discloses or suggests 15[a]. It is my opinion that a POSITA
would have understood that Xiong discloses a memory and processor for encoding
video. Xiong (Abstract), 11, Fig. 8. In particular, a POSITA would have understood
the disclosure of an “intra frame prediction encoding device” that comprises “at least
two encoders,” a selector,” and a “writing unit,” would include a memory and at

least one processor. Xiong, 11, Fig. 8. Encoders and writing units are computing
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devices or components that include memory to store instructions for encoding as
well as the video data being encoded. Such computing devices and components

process instructions through a microprocessor.

c. 15[b]: encode picture data for at least a large block in a
picture by determining that intra prediction is to be
performed for the large block, wherein the large block has
a large block size equal to or larger than 32x32, and the
large block size is greater than a basic coding unit size,
wherein the intra prediction is signaled for the large block
and the one or more processors are configured to:

128. Xiong in combination with VCEG-AJ21 discloses or suggests 15[b].
Xiong teaches encode picture data for at least a large block in a picture, for
substantially the same reasons as 11[pre]. See §IX.A.12.a. Xiong in combination
with VCEG-AJ21 discloses or suggests determining that intra prediction is to be
performed for the large block, wherein the large block has a large block size equal
to or larger than 32 %32, and the large block size is greater than a basic coding unit
size, for substantially the same reasons as 11[a]. See §IX.A.12.b.

129. Xiong further discloses or suggests intra prediction is signaled for the
large block. Xiong, 7 (“the encoding result of the frame includes

information...indicating the intra frame prediction encoding method used for each

block.”).
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d. 15][c]: encode a binary split signaling syntax element
specifying that the large block is further split into four

equally sized sub-blocks;
130. Xiong in combination with VCEG-AJ21 discloses or suggests 15[c] for

substantially the same reasons as 11[b]. See §IX.A.12.c.

e. 15[d]: encode an intra prediction mode for the large block
that is not further split into four equally sized sub-blocks;

131. Xiong in combination with VCEG-AJ21 discloses or suggests 15[d] for

substantially the same reasons as 11[c]. See §1X.A.12.d.

f. 15|e]: partition the large block into the four equally sized
sub-blocks in response to the binary split signaling syntax
element specifying that the large block is further split into
four equally sized sub-blocks; and

132. Xiong in combination with VCEG-AJ21 discloses or suggests 15[¢] for

substantially the same reasons as 1[d] and 11[d]. See §§IX.A.4.e, IX.A.12.e.

g. 15[f]: encode a second syntax element indicating a single
spatial intra partition type for at least one basic coding unit
sized sub-block, the single spatial intra partition type being
determinable from among a plurality of spatial intra

partition types.
133. Xiong in combination with VCEG-AJ21 discloses or suggests 15[f] for

substantially the same reasons as 11[e]. See §IX.A.12.1.
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17. Claim 16: The apparatus of claim 15, wherein, the one or
more processors are configured to encode an intra prediction mode
for the basic coding unit sized sub-block.

134. Xiong in combination with VCEG-AJ21 discloses or suggests claim 16

for substantially the same reasons as claim 12. See §IX.A.13.

18. Claim 17: The apparatus of claim 15, wherein, the one or
more processors are configured to encode a further binary split
signaling syntax element specifying that at least one of the four
equally sized sub-blocks greater than a basic coding unit size is
further split into four smaller equally sized sub-blocks.

135. Xiong in combination with VCEG-AJ21 discloses or suggests claim 17

for substantially the same reasons as claim 13. See §IX.A.14.

19. Claim 18: The method of claim 15, wherein the spatial intra

partition type specifies a size of a partition of the basic coding unit
sized sub-block.

136. Xiong in combination with VCEG-AJ21 discloses or suggests claim 18

for substantially the same reasons as claims 4 and 14. See §§I1X.A.7, IX.A.15.

B. Ground 1B: Xiong in view of VCEG-AJ21 and H.264
1. H.264

137. H.264 is a standard for “higher compression of moving pictures for
various applications such as videoconferencing, digital storage media, television
broadcasting, Internet streaming, and communication.” H.264, i. I understand that

the revision of H.264 referenced herein (EX-1010) was approved by the ITU-T
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Study Group 16 in November 2007 and was publicly available by July 1, 2008,
making it prior art under §102(b). H.264, i; Munford, §7-36.°

138. The ’876 patent refers to H.264 as an example of a “modern video
coding standard” that “employ[s] various coding modes to efficiently reduce the
correlations in the spatial and temporal domains.” EX-1001, 1:28-42.

139. H.264 includes Table 7-11 (below), titled Macroblock types for I slices.

It indicates the allowed macroblocks for intra predicted frames. H.264, 90-91.6

> [ understand that the substance of EX-1010 reference was also available, in the
form of Amendments 1 and 2 to the 2005 version of H.264, which were publicly
available no later than September 2007. EX-1015 (“H.264 (03/2005)”); Munford,
936, Appendices H26402 (EX-1016 (“Amendment 17)), H26403 (EX-1017
(“Amendment 27)). Alternative citations to H.264 (03/2005), Amendment 1, and/or
Amendment 2 are provided as footnotes throughout this Declaration.

6 H.264 (03/2005), 86.
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Table 7-11 - AMacrobleck types for I shices

: g ic .y 1 T
H - 45 i £z 35 s

- 2 K == C3 =F.

o B = [
a I N=N L} Inira_4x4 na Eguation 7-34 | Eguation 7-34
a I N=N 1 Intra_Ex8 na Eguation 7-34 | Eguation 7-34

I_16xl6 0 00 na Inira_1dw16 o 0 0

1 I 16wl 1 00 na Inira_1dw16 1 0 0
3 11616 2 00 m Intra_l6x14 2 0 0
4 11616 _3_0_0 m Intra_l6x14 3 0 0
5 1_16xl6_0 10 m Intra_l6%14 ] 1 ]
8 I16xl6_1_10 m Intra_l6%14 1 1 ]
7 I 1616 210 na Intra_1&=16 2 1 0
- I 1616 3_1_0 na Intra_1&=16 3 1 0
9 I 16x16 0 20 na Intra_1&=16 0 2 0
10 I 16xl6 1.2 0 na Inira_1dx16 1 2 0
11 I 16l 2 20 na Inira_1d%16 2 2 0
12 I 16wl 3 20 na Inima_1d=16 3 2 0
13 I 16wl 0 01 na Inira_1dw16 o 0 15
14 I M6wl6 1 01 na Inira_1dw16 1 0 15
15 11616 2 01 m Intra_l6x14 2 0 5
14 1_16x16_3_0_1 m Intra_l6%14 3 ] 5
17 1_16x16_0 1_1 m Intra_l6%14 ] 1 15
18 11616 111 na Intra_ld=16 1 1 15
12 I 1616 211 na Intra_1&=16 2 1 5
20 I 1616 3_1_1 na Intra_1&=16 3 1 5
al I 1616 0.2 1 na Intra_1&=16 0 2 15
i I 1616 12 1 na Inira_1dx16 1 2 15
3 I 1616 22 1 na Inira_1d%16 2 2 5
14 I 1616 32 1 na Inima_1d=16 3 2 5
25 I BCM na na na na na

H.264, 91 (Table 7-11).7 Table 7-11 of H.264 is substantively identical to Table 1 in

the 876 patent. EX-1001, 2:50-3:18. According to the *876 patent, this table “shows

7 H.264 (03/2005), 87.
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the detailed signaling for macroblock types for Intra coded slices (I slices).” Id.,
2:31-35.

140. According to H.264, some of the items in Table 7-11 are signaled,
including “mb_type.” H.264, 90.% Other items in Table 7-11 are not signaled, but are
determined from the signaled elements, including “MbPartPredMode,”
“Intral 6x16PredMode,” “CodedBlockPatternChroma,” and
“CodedBlockPatternLuma.” Id., 92 (“To each Intra_16x16 prediction macroblock,
an Intral6x16PredMode is assigned, which specifies the Intra 16x16 prediction
mode, and values of CodedBlockPatternLuma and CodedBlockPatternChroma are

assigned as specified in Table 7-11.”).°

2. Motivation to Combine Xiong, VCEG-AJ21, and H.264

141. It is my opinion that a POSITA would have been motivated to combine
H.264 with the combination of Xiong and VCEG-AJ21 discussed above (see
§IX.A.3) to extend H.264’s macroblock structure to larger macroblocks using
Xiong’s hierarchical block structure and would have had a reasonable expectation

of success in doing so.

8 H.264 (03/2005), 86.
9 1.264 (03/2005), 88.
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142. Each of Xiong and VCEG-AJ21 expressly build upon H.264. Xiong,
(Background Art); VCEG-AJ21, 1 (Abstract). In particular, each reference describes
extending the size of the 16x16 macroblocks used in H.264.

143. Xiong discloses that “the macroblock here is not necessarily limited to
a 16x16 macroblock; it can also be of other sizes, such as a 32x32 macroblock.”
Xiong, 6. Xiong goes on to disclose that the “specific prediction encoding methods”
may refer to the methods of H.264/AVC. Xiong, (Background Art), 6.

144. VCEG-AJ21 proposes “extend[ing] the architecture of H.264 codec
with enlarged MB sizes.” VCEG-AJ21, 1. VCEG-AJ21 recognizes the limitation of
H.264’s 16x16 macroblock and the benefits of larger macroblocks, especially for
High Definition (“HD”) video. 1d., 1 (“It may not be efficient for the HD or beyond
HD since the MB size of 16x16 pixels is relatively small for high resolution video
contents.”), 2 (“It implies that relatively large block modes are more advantageous
to the high resolution videos in terms of the Rate-distortion optimization.”). In
particular, VCEG-AJ21 discloses expanding macroblocks to any pixel size that is a
power of 2, such as 32, 64, or 128. Id., 3 (“Table 1 lists the H.264 elements that must
be modified by enlarging the MB sizes. As aforementioned, this is not the exhaustive
list. In Table 1, N indicates the maximum pixel size for the enlarged MB and can be

increased with power of 2 such as 32, 64 or 128.”).
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145. It is my opinion that a POSITA would have understood the teachings
of Xiong and VCEG-AJ21 to build on the work of H.264 by adding enlarged block
sizes using routine engineering.

146. Given that Xiong and VCEG-AJ21 are both written in the context of
H.264 (with explicit references to this standard), the POSITA would reasonably
expect success when combing Xiong-VCEG-AJ21 with the full host of features
shown in H.264. Likewise, as H.264 was the latest standard for video coding at the
time, there were not a multitude of choices (when considering what full coding
platform in which to implement the combination of Xiong and VCEG-AJ21). It
would only require routine engineering, and not undue experimentation, to validate
the combination of Xiong, VCEG-AJ21, and H.264, given that a POSITA would
necessarily have to provide a full coding platform in which to implement the

advanced features taught by Xiong-VCEG-AJ21.

3. Claim 9: The apparatus of claim 5, wherein at least one of a
spatial intra partition type table and an intra prediction mode table
is pre-stored and used by the one or more processors to decode
picture data for the large block.

147. Xiong in view of VCEG-AJ21 and H.264 discloses or suggests the

additional limitation of claim 9.
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148. H.264’s Table 7-11 (shown in part below, and annotated) includes

values for an intra prediction mode (“Intral 6x16PredMode,” column outlined in red)

associated with the coded “mb_type” (outlined in blue) H.264, 91 (Table 7-11).1°

2 o '§ - E =
& 5 so o 3 3
a = “E % < %= 2 _E £5
ez £ ES == == -] =k
2 5 s £Z £ ZE L4
z @ g = s: & z<
= = = g o — O
= - P = -
z - -
0 I NxN 0 Intra_4x4 na [Equation 7-34 | Equation 7-34
0 I_NxN 1 Intra_8x8 na [Equation 7-34 | Equation 7-34
1 I16x16 0.0 0 na Intra_16x16 0 0 0
2 I 16x16_1 00 na Intra_16x16 1 0 0
3 I16x16 2 00 na Intra_16x16 2 0 0
- I 16x16 3 00 na Intra_16x16 3 0 0

149. When decoding in H.264, the decoder takes the encoded mb_type from

the macroblock layer bitstream (see H.264, Table 9-11) and decodes into the integer

mb_type according to the binary encoding. H.264, 220-21 (Table 9-11), 248 (Table

9-36).!! The indexed row allows the processor of the decoder to know the

Intral6x16PredMode, which is an intra prediction mode. H.264, 90 (“Each table

presents the value of mb_type, the name of mb_type, the number of macroblock

partitions used (given by the NumMbPart( mb_type ) function), the prediction mode

1011.264 (03/2005), 87.
11 11,264 (03/2005), 208-209, 223 (Table 9-27).
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of the macroblock (when it is not partitioned) or the first partition (given by the
MbPartPredMode( mb_type, 0 ) function) and the prediction mode of the second
partition (given by the MbPartPredMode( mb_type, 1) function”).!?

150. It is my opinion that a POSITA would have understood this table to be
implemented in software or firmware (intra prediction mode table) that, when
executed by the system processor (the one or more processors), assigns the correct
value for the intra prediction mode of the incoming block. That software or firmware
would be stored on the system prior to execution (pre-stored and used...to decode
picture data) on a block (the large block).

151. In the combination of Xiong, VCEG-AJ21, and H.264, Table 7-11 of
H.264 is an intra prediction mode table. When decoding under H.264, the decoder
takes the encoded mb_type from the macroblock layer bitstream (see H.264, 220-
221 (Table 9-11))!* and decodes into the integer mb_type according to the binary
encoding shown in H.264, 248 (Table 9-36).!* The integer mb_type indexes the row
in the table (Table 7-11, which is a intra prediction mode table). The indexed row
allows the processor of the decoder to know the Intal6x16PredMode, which is the
intra prediction mode of claim 9. Section 7.4.5 of H.264 explains, “Each table

presents the value of mb type, the name of mb type, the number of macroblock

1211.264 (03/2005), 86.
13 .264 (03/2005), 208-209.
14 11,264 (03/2005), 223 (Table 9-27).
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partitions used (given by the NumMbPart( mb_type ) function), the prediction mode
of the macroblock (when it is not partitioned) or the first partition (given by the
MbPartPredMode( mb_type, 0 ) function) and the prediction mode of the second
partition (given by the MbPartPredMode( mb type, 1 ) function). When a value is
not applicable it is designated by ‘na’. In the text, the value of mb type may be
referred to as the macroblock type and a value X of MbPartPredMode( ) may be
referred to in the text by ‘X macroblock (partition) prediction mode’ or as ‘X
prediction macroblocks’.” H.264, 90."° Table 7.3.5 (called the “macroblock layer
syntax” table) of H.264 then tells the decoder what to do based on the type (mb_type)
and the corresponding intra prediction mode. H.264, 51.'¢ Of course, Table 7-11 in
H.264, serving as the intra prediction mode table, must be pre-stored in order to use
the mb_type to take the decoding actions shown in Table 7.3.5.

152. Itis my further opinion that a POSITA would have understood that such
a pre-stored intra prediction mode table would be used in the combination of Xiong
and H.264 to provide the intra prediction modes for large blocks. In particular, Table
7-11 would be supplemented with additional rows to include the additional partition
types disclosed in Xiong and VCEG-AJ21 (32x32 and 64x64), along with the intra

partition modes associated with those partition types.

1S 1.264 (03/2005), 86.
16 1.264 (03/2005), 50.
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4, Claim 10: The apparatus of claim 5, wherein at least one of a
spatial intra partition type table and an intra prediction mode table
is received by the one or more processors using one or more high
level syntax elements and is used by the one or more processors to
decode picture data for the large block.

153. H.264 discloses or suggests the additional limitation of claim 10.

154. H.264 discloses high-level syntax elements for transmitting scaling
matrices from the encoder to the decoder. H.264, 40, 42, 68, 76.!" In particular, flags
“seq_scaling matrix present flag” and “pic_scaling matrix present flag” are set
to 1 to indicate that a scaling matrix is being transmitted. /d. The actual matrix is
transmitted through a set of scaling lists, encoded using the “scaling_list” function.
H.264, 40-41.'8

155. These matrices allow user customized scaling factors to be sent from
the encoder to the decoder for perceptual-based scaling. Gary Sullivan authored two
documents related to “Fidelity Range Extensions,” a set of amendments to H.264,
incorporated into the November 2007 version of H.264 (EX-1010), that helped
explain these matrices.

156. First, Dr. Sullivan co-authored a paper entitled “The H.264/AVC
Advanced Video Coding Standard: Overview and Introduction to the Fidelity Range

Extensions.” EX-1014 (“Sullivanl”). In that paper, Dr. Sullivan describes the

17H.264 (03/2005), 39, 41, 65, 72; Amendment 2, 17.
8 H.264 (03/2005), 40.
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Fidelity Range Extensions as including ‘“Perceptual-based quantization scaling
matrices,” which “had been a mainstay of prior use in MPEG-2.” Sullivanl, 9. Using
this feature “The encoder can specify, for each transform block size and separately
for intra and inter prediction, a customized scaling factor for use in inverse-
quantization scaling by the decoder.” Id., “Default values for the quantization scaling
matrices are specified in the standard, and the encoder can choose to instead use
customized values by sending a representation of those values at the sequence or
picture level.” Id.

157. Second, Dr. Sullivan presented (in July 2005, according to the
presentation document), an overview of “The H.264/MPEG-4 Advanced Video
Coding (AVC) Standard.” EX-1018 (““Sullivan2”), 1. That presentation included the
Fidelity-Range Extensions amendment. Sullivan2, 18. As part of that presentation,
Dr. Sullivan had a slide titled “Quantization Matrix,” that was a “[s]imilar concept
to MPEG-2 design,” which described “Eight downloadable matrices (at least 4:2:0)”.
Sullivan2, 24.

158. H.264 thus provides seq_scaling matrix_present flag and scaling_list
(high level syntax elements) transmitted from the encoder to the decoder (received
by the one or more processors) that represent matrices of scaling factors used to
decode blocks (an intra prediction mode table...used by the one or more processors

to decode picture data for the large block).
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159. To the extent PO argues that a custom scaling matrix is not an intra
prediction mode table, it is my opinion that it would have been obvious to a POSITA
to transmit matrices disclosed in H.264 to send a table of intra prediction modes.
Using the approach outlined in H.264 (indicating a matrix is to follow using a flag,
and then sending the matrix if the flag is set to 1) for a table of intra prediction modes
would require only routine engineering to replicate or reuse code for transmittal of
scaling matrices for intra prediction mode tables. Doing so would have provided the
benefit of customization of intra prediction modes, creating both additional
efficiency and enhanced resolution.

160. To the extent PO argues that received by the one or more processors
includes the processor reading instructions from memory, this limitation is
alternatively met by the processor loading Table 7-11 from memory. As discussed
for claim 9, Table 7-11 of H.264 is an intra prediction mode table. See §IX.B.3. This
table is received by the decoding processor when the software code implementing
that table is read from memory. H.264, 293 (“Hypothetical Reference Decoder”
disclosed in Annex C).!" The hypothetical reference decoder is able to take the table

index mb_type and determine the prediction mode from the mb_type.

19 11.264 (03/2005), 264.
67



X. CONCLUSION

161. 1 currently hold the opinions expressed in this declaration. But my
analysis may continue, and I may acquire additional information and/or attain
supplemental insights that may result in added observations.

162. 1 hereby declare under penalty of perjury under the laws of the United
States of America that the foregoing is true and correct to the best of my knowledge.
I understand that willful false statements are punishable by fine or imprisonment or

both. See 18 U.S.C. § 1001.

/

Date: January 8§, 2025 By: //%1_{7\

Scott T. Acton, Ph.D.
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