UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

AMAZON.COM, INC. and AMAZON.COM SERVICES LLC,
Petitioner
V.
NOKIA TECHNOLOGIES OY,

Patent Owner.

IPR2024-01140
U.S. Patent No. 7,280,599

DECLARATION OF DR. KANNAN RAMCHANDRAN
I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true,
and further, that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code.

Date: 07/05/2024 By:%ﬁ“’"_"" ;Q“*L"

Kannan Ramchandran, Ph.D.

AMAZON-1003
7,280,599



II.

I1I.

IV.

VL

VIL
VIIL

IX.

U.S. Patent No. 7,280,599

[PR2024-01140
TABLE OF CONTENTS
INTRODUCTION .....ooiiiiiieiieeee ettt 1
QUALIFICATIONS AND PROFESSIONAL EXPERIENCE ...................... 1
MATERIALS CONSIDERED ......cccoitiiiiiiieeiiectecee e 4
LEGAL PRINCIPLES.......oiioiiieee ettt e 4
TECHNICAL BACKGROUND ......cooiiiiiiieieeieeeecee e 7
599 PATENT OVERVIEW ....oooiiiiiiiiiieieeee ettt 19
A.  The Alleged Problem in the Prior Art..........ccovveeviiieieiiieeiieeeieee 19
B.  The Alleged Invention of the *599 Patent...........cccccveeeevieieiiieeeieene 25
LEVEL OF ORDINARY SKILL ....cccoieiieiterieeieeieeieeieesee st 28
PRIOR ART OVERVIEW .....ooiiiiiiiiiietetee ettt 29
AL U TIMLO. .ttt enae s 29
1. Motion Prediction During Encoding..........c.cccccvevevieniiennennnnen. 37
2. Interpolating Sub-Pixels During Encoding..........ccccceecveeieennen. 40
3. Motion Prediction During Decoding .........ccccccvevevveeniiiennennne. 107
4. TML6 Decoding Interpolation............ccceeeveevvieniiencieenieeennen. 109
B.  Fandrianto.........cccoociiiiiiiiiecie e 111
DETAILED EXPLANATION OF GROUNDS........ccceeeiieireieeeeieeeeee 126
A. Ground 1: Claims 1-20, 22-42, and 44-51 Are Obvious over TML6
in View of Fandrianto............cooooeviiiiiniiiniiiee e, 126
1. Motivation to COmMDINE.........cccueeeriiieeiiieeeiiee e e 126
2. Claims 1-19 oo 146
3. Independent Claim 20 ..........cccveieeiieeeiiieeeiee e 264
4. Claims 22-42 and 44-51 ....oooeoriiieiieeeee e 266
B.  Ground 2: Claims 21 and 43 Are Obvious Over TML6 in View of
Fandrianto and the Knowledge of a POSITA. ........ccccoeeiiiieiiennee 282
1. Independent Claim 21 .......c.cooocvviieeiiiieiiieeee e 282



X.

XI.

U.S. Patent No. 7,280,599
IPR2024-01140

2. Dependent Claim 43: “An apparatus according to claim 22,

wherein N is set equal to 37 ....ooveeiieieiieeeeee e 287
AVAILABILITY FOR CROSS EXAMINATION.......ccceeeveiieieeecreee. 287
SUPPLEMENTATION OF CONCLUSIONS........ccoieieieieeieeeeieeiene 287

11



U.S. Patent No. 7,280,599
IPR2024-01140

I, Kannan Ramchandran, declare as follows:
L. INTRODUCTION

1. My name is Kannan Ramchandran. I am a Professor of Electrical
Engineering and Computer Science at the University of California Berkeley.

2. I have been retained as an expert in this proceeding by counsel for
Amazon.com, Inc. and Amazon.com Services LLC (“Amazon” or “Petitioner”). |
have been asked to provide my expert opinions regarding the validity of claims 1-
50 of United States Patent No. 7,280,599 (the “’599 patent”; EX-1001).

II. QUALIFICATIONS AND PROFESSIONAL EXPERIENCE

3. My qualifications are stated more fully in my curriculum vitae, which
is attached as Appendix A. Below is a summary of my education, work experience,
and other qualifications.

4. I received my M.S. in electrical engineering in 1984 and my Ph.D. in
electrical engineering in 1993, both from Columbia University. After receiving my
undergraduate degree and while studying for my Ph.D., I served on the Technical
Staff of AT&T Bell Labs as an R&D Design Engineer, from 1984-1990.

5. I have been an Assistant Professor, or Professor, of electrical
engineering since 1993. First, I was an Assistant Professor in the Electrical &
Computer Engineering Department at the University of Illinois at Urbana-

Champaign (“UIUC”) from 1993-1999. While at UIUC, I taught undergraduate
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and graduate classes in, among other subjects, digital signal and image processing.
I also served as Research Assistant Professor at the Beckman Institute and
Coordinated Science Laboratory, and as the Associate Director of Multimedia
Laboratory at the Beckman Institute.

6. I have been a Professor of Electrical Engineering and Computer
Science at UC Berkeley since 1999. At UC Berkeley, I teach undergraduate and
graduate-level classes in, among other subjects, digital signal and image processing
and digital communication systems. I am also the Director of the Berkeley
Audiovisual Signal Processing and Communication Systems (“BASiCS”) Research
Group, and Co-Director of the Wireless Foundations Research Center.

7. I have been a Fellow of the Institute of Electrical and Electronics
Engineers (“IEEE”) since 2005. I have also served as a technical consultant in
media compression and networking for over a decade, consulting for both
established entities like Microsoft, Hewlett-Packard, Intel, Texas Instruments,
Lucent Technologies, and AT&T Research Laboratories, as well as smaller
ventures such as PictureTel Corporation, Aware Inc., and numerous media-related
startups in Silicon Valley.

8. My primary research focus has been in the field of video compression
and multimedia networking over wired and wireless networks. I hold several

patents in the field of image and video compression and transmission, and my
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work on rate-distortion optimization in image and video compression has
contributed to the evolution of video compression standards such as the H.264
standard. Further, a modified version of one of my patents on multi-resolution
video broadcast is currently used in the Digital Audio Broadcast standard in
Europe.

0. I have published over 650 refereed journal and conference
publications, including many articles related to image and video compression and
transmission. I have also given several keynote and invited talks at conferences in
the fields of image processing, multimedia signal processing, wireless sensor
networks and information theory.

10. Ihave received a number of research accolades in the field of video
compression, including two Best Paper Awards from the IEEE Signal Processing
Society, and several conference best paper awards. Other awards include an IEEE
Information Theory Society and Communication Society Joint Best Paper award
for 2012, an IEEE Communication Society Data Storage Best Paper award in
2010, an Okawa Foundation Prize for outstanding research at Berkeley in 2001,
and an Outstanding Teaching Award at Berkeley in 2009, and a Hank Magnuski
Scholar award at [llinois in 1998. I have received several grant awards from the

National Science Foundation and the Department of Defense, in which I have been
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the primary investigator on multi-year multi-million dollar projects related to
media transmission and compression.
III. MATERIALS CONSIDERED

11. In preparing this declaration, I have reviewed the claims,
specification, and file history of the *599 patent. I understand that the 599 patent
issued on October 9, 2007 from U.S. Patent Application No. 11/090,717 (filed
Mach 25, 2005).

12. I have reviewed and understand the references and exhibits cited in
this Declaration.

IV. LEGAL PRINCIPLES

13. I am not an attorney. I have been informed, for the purposes of this
declaration, about certain aspects of the law that are relevant to my opinions. I
have applied these legal principles in arriving at my opinions expressed in this
declaration.

14.  Ihave been informed and understand that a patent claim is invalid if it
would have been obvious to a person of ordinary skill in the art (“POSITA”) at the
time of the alleged invention. This means that, even if all of the requirements of a
differences between the subject matter in the prior art and the subject matter in the

claim would have been obvious to a POSITA at the time of the alleged invention.
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15. Thave been informed and understand that determining whether a
claim would have been obvious to a POSITA at the time of the alleged invention is
based upon several factors, including, among others: (1) the level of ordinary skill
in the art at the time of the alleged invention; (2) the scope and content of the prior
art; (3) the differences that existed between the claimed invention and the prior art,
if any; and (4) any objective considerations of non-obviousness.

16. Ihave been informed and understand that, when determining any
differences between the claimed invention and the prior art, one should consider
the claimed invention as a whole and determine whether or not it would have been
obvious in light of all of the prior art, rather than look at the individual differences
between the patent claims and the prior art in isolation.

17. Ihave been informed and understand that the teachings of two or
more references may be combined in the same way as disclosed in the claims. I
have been informed and understand that a patent composed of several elements is
not proved obvious merely by demonstrating that each of its elements was
independently known in the prior art. I have been informed that, instead, it can be
important to identify a teaching, suggestion, or motivation, in either the prior art or
the knowledge of persons skilled in the art, that would have prompted a person of
ordinary skill in the relevant field to combine the elements in the prior art in the

way the claimed invention does.
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18.  In determining whether a combination based on multiple references
would have been obvious, it is appropriate to consider, among other factors:

e whether the teachings of the prior art references disclose known concepts
combined in familiar ways, and when combined, would yield predictable
results;

e whether a POSITA would implement a predictable variation, and would see
the benefit of doing so;

e whether the claimed elements represent one of a limited number of known
design choices, and would have a reasonable expectation of success by a
POSITA;

e whether a POSITA would have recognized a reason to combine known
elements in the manner described in the claim;

e whether there is some teaching or suggestion in the prior art to make the
modification or combination of elements claimed in the patent; and

e whether the innovation applies a known technique that had been used to
improve a similar device or method in a similar way.

19. Ihave been informed and understand that one of ordinary skill in the
art has ordinary creativity. [ have also been informed and understand that, in
considering obviousness, it is important not to use hindsight derived from the

patent being considered.
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20. I have been informed and understand that, to show a motivation to
combine, one is not required to show how the references would be physically
combined to render a claim obvious. The analysis is focused on whether a POSITA
would have been motivated to combine the teachings of the references to achieve
the claimed invention, and not on whether the features of one reference can be
physically incorporated into the structure of another reference. For example, a
POSITA would have understood how predictable variations of known concepts
could be combined and would recognize that where multiple tools were available
in a toolbox, any could be chosen.

V. TECHNICAL BACKGROUND

21.  Videos are made up of a series of still images called “frames.” Playing
these frames in rapid succession, such as at 60 frames-per-second, gives viewers
the impression of motion across the video. For example, below is an illustration of
seven still frames of a video. Each frame shows a red ball at a different location in
the image, and when displayed sequentially, these seven frames will give the
impression that the ball is bouncing as it moves down in Frames 1-4, hits the

ground in Frame 5, and comes back up again in Frames 6-7.
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Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6 Frame 7

22.  Each frame in the video is broken up into many “picture elements,” or
“pixels,” which are arranged in rows and columns. For example, the below pixels

“U” in purple could represent a portion of the small purple flower in the frames,

above.
[+] [+] [] [] []
[+] [] (] (] (]
[+] [+] [+] [+]

Each pixel is defined by data representing its brightness and color. High-resolution
frames each have millions of pixels. Therefore, the amount of pixel data needed to
represent even a single frame is substantial, and grows with each additional frame
in the video.

23. Long before the *599 patent video compression techniques have been
used to reduce the amount of data needed to represent the frames. Some unique
properties of videos are used by these compression techniques to reduce the

amount of data. For example, many of the pixels in one frame are often exactly the
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same (or at least very similar) in successive frames. This is illustrated in the seven
frames illustrated above: pixels representing objects that appear to be stationary in
the frames above (for example, the grass, tree, the flower, and much of the sky) do
not change from one frame to the next. As a result, one way to reduce the amount
of data representing the video signal is to transmit data representing a stationary
item once for an initial frame, and then to reuse that same data in subsequent
frames in which the item has not moved.

24.  Likewise, some objects in the frame (for example, the red ball
illustrated above) may move to a different location from one frame to the next but
do not otherwise change. The frames below illustrate this: the pixel data

representing a portion of the red ball is the same in the two frames, but the location

of the ball 1s different:

Frame 1 Frame 2

As illustrated, it has moved down one pixel, as illustrated by the difference in the

two green dashed lines. Thus, in order to avoid retransmitting the same pixel data
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for the ball multiple times, the data can be transmitted once for Frame 1, and then a
“motion vector” (represented by the purple arrow above) can be transmitted for
Frame 2. The motion vector identifies where the pixels representing the ball have
moved from Frame 1 to Frame 2 but requires a much smaller amount of data.
Similarly, if the location of the pixels representing the ball changes in subsequent
frames, additional motion vectors are transmitted to indicate the changes in
location. As a result, the data for the pixels representing the ball need not be
retransmitted as it moves from one frame to the next.

25. A motion vector may be determined by identifying pixels in one
frame that match pixels in a subsequent or preceding frame. The figure below, for
example, shows some of the “pixel locations”—circles outlined in black—in

Frames 1 and 2 of the video signal:

Frame1l Frame 2

Because the ball has moved down one pixel, the pixel data illustrated in the black

box is also shown as moving down one pixel. As illustrated below, a 2x2 group of

10
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pixels within the blue box that represents a portion of the ball in Frame 1 matches
another 2x2 group of pixels within the pink box that represents the ball in Frame 2.
Accordingly, the movement of the 2x2 group of pixels from the pixel locations in
Frame 1 to the pixel locations in Frame 2 can represented by the purple motion

vector:

® © 0!0 0!0
S5 X G e 0 O Ute—o! @

S

L L ) K3 ] 0 0 A S L

Frame 1 Frame 2

26. But objects represented in a video do not always move in “pixel-
length” increments, and can also move distances that do not precisely align with
actual pixel locations. That is, they may more accurately be described as moving a
distance that is a fraction of the distance between the displayed pixels. This is
illustrated in the figure below, where the ball instead moves down by a fraction of

a pixel:

11
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Framel Frame 2

Because of this fractional pixel movement, the pixels in the pink box in Frame 2
do not have matching pixels in Frame 1.

27.  Nevertheless, motion of the ball can still be represented by a motion
vector even when objects in the video move by distances that do not line up with
actual pixels. To do so, instead of matching groups of actual pixels in Frame 1 to
groups of actual pixels in Frame 2, values of virtual pixels (which are not actually
displayed)—known as “sub-pixels”—that are located between the actually
displayed pixels in one frame can be matched to actual pixels in another frame.
The values of these virtual sub-pixels can be determined using a well-known
mathematical process known as “interpolation.” This interpolation technique is
based on the theory that the virtual sub-pixels that lie between actual pixels will

have color and brightness values “between” the color and brightness values of their

12
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neighbouring actual pixels. For example, the values of “sub-pixels” can be
interpolated by using a weighted sum of the neighbouring pixels. As illustrated in
the figure below, the four pixels in the pink box in Frame 2 match the four
interpolated, virtual sub-pixels in the blue box that are highlighted with yellow
circles in Frame 1. Therefore, the motion of these sub-pixels can be represented by
the purple motion vector originating from sub-pixels in Frame 1 and ending at

actual pixel locations in Frame 2:

o o ————— - —— e ]

® @

0 00|99 1O O

00 DTS 0 U o1o—o!

LT AL ) ) SIS RIESES
Framel Frame 2

28. Terminology for describing the various pixel and sub-pixel locations
1s illustrated in the figure below. The figure shows four actual pixels, called “unit
pixels U,” in purple, and certain exemplary “sub-pixels H” in blue and “sub-pixels

Q” in green:

13
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Unit Vertical U Q H Q U

14 Unit Vertical Q Q Q Q Q

3 Unit Vertical H Q H Q H

¥ Unit Vertical Q Q Q Q Q

Unit Vertical U Q H Q U

The sub-pixels H in blue are called “2 sub-pixels” because they are located
halfway between two unit pixels U in purple in at least one of the horizontal
direction or the vertical direction. The sub-pixels Q in green are called “Y4 sub-
pixels” because they are located a quarter-way between two unit pixels U in
purple in at least one of the horizontal direction or the vertical direction.

29.  Further, the term “unit horizontal location” describes a location in a
column where actual pixels are located. “Unit vertical location” describes a
location in a row where actual pixels are located. An actual pixel U in purple is
described as being located at unit horizontal and unit vertical locations. Additional

terms identify locations between the unit horizontal and unit vertical locations. A

14
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location halfway between two unit horizontal locations is described as a “half unit
horizontal location,” while a location halfway between two unit vertical locations
is described as a “half unit vertical location.” Similarly, the terms “quarter unit
horizontal location” and “quarter unit vertical location” refer, respectively, to
locations in columns and rows that are a quarter of the way between the unit
horizontal and/or unit vertical locations. For instance, the highlighted sub-pixel H
in blue below is located at the half unit horizontal and half unit vertical locations
because it is located halfway between unit horizontal locations and halfway

between the unit vertical locations.

U:Q:H:Q

30. One of the most basic and widely used forms of interpolation, known
as linear interpolation, refers to interpolating values of sub-pixels using the values
of pixels or other sub-pixels along a horizontal, vertical, or diagonal line. The

below figure, for example, shows that the highlighted !4 sub-pixel H in blue at the

15
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half unit horizontal and unit vertical locations may be horizontally interpolated

using values of the two nearest unit pixels U in purple and circled in the same row.

U Q H Q U

U Q H Q U

Y, unit horizontal
unit vertical

31. Similarly, as illustrated in the below figure, one can interpolate the
highlighted 4 sub-pixel H in blue at the unit horizontal and half unit vertical
locations vertically using values of the unit pixels U in purple and circled in the

same column.

16
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| U ) | Q H Q U
2| [a] [a] [a] [a
H Q H Q H
al [a] [a] [a] [a
( 0 ) [@] [w] [a] [u

unit horizontal
1. unit vertical

32. Likewise, the below figure shows that the highlighted "4 sub-pixel Q

in green at the quarter unit horizontal and quarter unit vertical locations may be

diagonally interpolated using the values of the two nearest '% sub-pixels H in blue

and circled that were already interpolated, as discussed above.

17
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U Q H Q U

1. unit horizontal
. unit vertical

Linear interpolation, including horizontal, vertical, and diagonal interpolation, was
well-known before the 599 patent. See, e.g., VCEG-M28; Fandrianto, Figure 5,
10:51-58 (“It will be appreciated that a great many permutations of the order of
derivation of pixels [%4 sub-pixels] Q1-Q8 may be practiced, if desired. For
example, the Q2 pixels may be derived from a horizontal interpolation of the Q3
pixels with the results of a vertical interpolation of the data in the B block 74 and
the X block 70. As a further example, the Q2 pixels may be derived from a
diagonal interpolation of the data in the A block 72 and the B block 74.”
(emphases added)).

33.  While the above paragraphs discuss interpolation using values for

pixels and sub-pixels that are located next to the sub-pixel being interpolated, sub-

18
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pixels can also be interpolated by using other nearby pixels and sub-pixels. An
illustration of this concept is shown below: the highlighted !4 sub-pixel “H” in
blue may be interpolated based on the values of the six nearest unit pixels U in

purple and circled in the same row:

] ] ] L] L] 2]
4] 2] 1) B ([d [ []
L] L] L] L] L] [4]

For example, as was well-known, such interpolation could be used as a low-pass
filter to smooth out local extremes.
VI. ’599 PATENT OVERVIEW

A.  The Alleged Problem in the Prior Art

34.  AsIexplained above, %2 sub-pixel and %4 sub-pixel interpolation was
well-known before the *599 patent. And the *599 patent recognizes this fact. EX-
1001, 6:43-46 (“[T]o enable more accurate modelling of real motion and to help
reduce the amount of PE information that must be transmitted from encoder to
decoder, many video coding standards, such as H.263(+)(++) and H.26L, allow
motion vectors to point ‘in between’ image pixels. In other words, the motion

vectors can have ‘sub-pixel’ resolution.”), 7:7-27 (explaining that the prior art

19
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systems: “Having interpolated the values of the sub-pixels at half-pixel resolution,
each of the eight search blocks is compared with the macroblock whose motion
vector is being sought. As in the block matching process performed in order to
determine the motion vector with full pixel resolution, the macroblock is compared
with each of the eight search blocks according to some criterion, for example a
[sum of absolute differences, or] SAD. As a result of the comparisons, a minimum
SAD value will generally be obtained. Depending on the nature of the motion in
the video sequence, this minimum value may correspond to the location specified
by the original motion vector (having full-pixel resolution), or it may correspond to
a location having a half-pixel resolution. Thus, it is possible to determine whether a
motion vector should point to a full-pixel or sub-pixel location and if sub-pixel
resolution is appropriate, to determine the correct sub-pixel resolution motion
vector. It should also be appreciated that the scheme just described can be extended
to other sub-pixel resolutions (for example, one-quarter-pixel resolution) in an
entirely analogous fashion.”), 10:11-13:22.

35. The background section of the *599 patent describes the sub-pixel
interpolation scheme of TML6’s sub-pixel interpolation method with reference to
Figure 13(a), which is copied below. The *599 patent explains that the values of
the Y4 sub-pixels “d” and “e” in green and not circled below are calculated using

horizontal or vertical linear interpolation:

20
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A d b d A

Fig. 13(a)

EX-1001, 12:18-57 (““Values for the Y resolution sub-pixels labelled d [in Figure
13(a)] are calculated as follows. Values for Y4 resolution sub-pixels d located at
quarter horizontal and unit vertical locations, are calculated from the value of the
immediately neighbouring pixel at unit horizontal and unit vertical location (pixel
A) and the intermediate value b calculated in step (1) for the immediately
neighbouring 72 resolution sub-pixel at half horizontal and unit vertical location ('
resolution sub-pixel b), according to d=(32A+b+32)/64. Values for % resolution sub-
pixels d located at quarter horizontal and half vertical locations, are interpolated
using the intermediate values c¢ calculated for the immediately neighbouring 2
resolution sub-pixels ¢ which lie at unit horizontal and half vertical location and half

horizontal and half vertical locations respectively, according to

21
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d=(32c¢;+c,+1024)/2048. Again operator / indicates division with truncation and the
finally obtained Y4 resolution sub-pixel values d are clipped to lie in the range [0,
2"—11.),22:17-18 (Figure 13(a) “shows a notation for describing pixel and sub-pixel
locations specific to TML6.”).

36. But the 599 patent further states that, in TML6, %4 sub-pixels “g” and
“f” in green and circled below are not calculated using horizontal or vertical
interpolation. In fact, they are not calculated using linear interpolation. Instead,
they are calculated using the values for the pixels and sub-pixels in the four corners
of a square surrounding the % sub-pixels. EX-1001, 12:58-13:22 (“Values for [Y4]
[sic] resolution sub-pixels labelled g are computed using the value of the nearest
original pixel A and the intermediate values of the three nearest neighbouring 2
resolution sub-pixels, according to g=(1024A+32b+32c¢;+c,+2048)/4096. As
before, operator / indicates division with truncation and the finally obtained for 74
resolution sub-pixel values g are clipped to lie in the range [0, 2"—1]. The value for
Ya resolution sub-pixel f'is interpolated by averaging the values of the 4 closest
pixels at unit horizontal and vertical locations, according to
=(A1+A,+A3+A4+2)/4, where the locations of pixels Aj, Az, Az and Ay are the
four nearest original pixels. In the decoder, sub-pixel values can be obtained
directly by applying 6-tap filters in horizontal and vertical directions. In the case of

Y4 sub-pixel resolution, referring to FIG. 13 a, the filter coefficients applied to

22
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pixels and sub-pixels at unit vertical location are [0, 0, 64, 0, 0, 0] for a set of six
pixels A, [1, =5, 52, 20, =5, 1] for a set of six sub-pixels d, [2, —10, 40, 40, —10, 2]
for a set of six sub-pixels b, and [1, =5, 20, 52, =5, 1] for a set of six sub-pixels d.
These filter coefficients are applied to respective sets of pixels or sub-pixels in the
same row as the sub-pixel values being interpolated. After applying the filters in
the horizontal and vertical directions, interpolated value c is normalized according
to c=(c+2048)/4096 and clipped to lie in the range [0, 2"—1]. When a motion vector
points to an integer pixel position in either the horizontal or vertical direction,
many zero coefficients are used. In a practical implementation of TML6, different
branches are used in the software which are optimised for the different sub-pixel

cases so that there are no multiplications by zero coefficients.”), Figure 13(a).

A d b d A

Fig. 13(a)

23
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37. In particular, the *599 patent states that TML6 interpolates 4 sub-
pixel “g” in green by using the nearest unit pixel “A” in purple and the values for

the three nearest /2 sub-pixels “b,” “c,” and “c,” all in blue. This is illustrated

below.

Fig. 13(a)

38. The ’599 patent states that TML6’s method is computationally
intensive because it requires ‘“high precision arithmetic,” as not “all of the Y4
resolution sub-pixel values are calculated from [unit] pixels or %2 resolution sub-
pixel values using linear interpolation.” EX-1001, 13:36-43 (“[A] disadvantage of
TMLG6 is that high precision arithmetic is required both in the encoder and in the
decoder. High precision interpolation requires more silicon area in ASICs and
requires more computations in some CPUs. Furthermore, implementation of direct

interpolation as specified in TML6 in an on-demand fashion has a high memory

24
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requirement. This is an important factor, particularly in embedded devices.”), 38:16-
22 (“In comparison with TML6, the method according to the invention does not
require high precision arithmetic to be used in the calculation of all sub-pixels.
Specifically, as all of the ¥4 resolution sub-pixel values are calculated from original
image pixels or Y2 resolution sub-pixel values using linear interpolation, lower
precision arithmetic can be used in their interpolation.”). The *599 patent further
states that this “requires more silicon area in [Application Specific Integrated

Circuits] and requires more computations in some [processors].” Id., 13:36-43.

B.  The Alleged Invention of the ’599 Patent

39. The ’599 patent purports to address this problem by claiming, as its
allegedly novel concept, using a diagonal linear interpolation of two sub-pixels to
calculate 74 sub-pixels “h” rather than four. This is shown in Figure 14(a) of the *599

patent.

25
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A d @8 d A

Fig. 14(a)

EX-1001, Figure 14(a), 22:23-24 (Figure 14 “shows a notation for describing pixel
and sub-pixel locations specific to the invention”). As illustrated above, unlike in
TMLG6, the 7 sub-pixel “h” in green at the quarter unit vertical and quarter unit
horizontal locations may be calculated by using just twe diagonally opposite 2 sub-
pixels “b” in blue. Id., Figure 14(a), 36:55-37:10 (“There are two alternatives for
interpolating values for the % resolution sub-pixels labelled h. Both involve linear
interpolation along a diagonal line linking /2 resolution sub-pixels neighbouring the
Ya resolution sub-pixel h being interpolated. In a first embodiment, a value for sub-
pixel h is calculated by averaging the values of the two Y2 resolution sub-pixels b
closest to sub-pixel h. In a second embodiment, a value for sub-pixel h is calculated

by averaging the values of the closest pixel A and the closest '% resolution sub-pixel
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c. It should be appreciated that this provides the possibility of using different
combinations of diagonal interpolations to determine the values for sub-pixels h
within the confines of different groups of 4 image pixels A.” (emphasis added)).

40. The *599 patent asserts that this technique improves on TML6
because it “does not require high precision arithmetic to be used in the calculation
of all sub-pixels.” Id., 38:16-18 (“In comparison with TML6, the method according
to the invention does not require high precision arithmetic to be used in the
calculation of all sub-pixels.”), 38:18-22 (“Specifically, as all of the % resolution
sub-pixel values are calculated from original image pixels or 72 resolution sub-
pixel values using linear interpolation, lower precision arithmetic can be used in
their interpolation.”). According to the patent, this may reduce the amount of
silicon dedicated to the interpolation function and thus increase the speed at which
the calculations are performed. /d., 38:22-40 (“Consequently, in hardware
implementations of the inventive method, for example in an ASIC (Application
Specific Integrated Circuit), the use of lower precision arithmetic reduces the
number of components (e.g., gates) that must be devoted to the calculation of Y4
resolution sub-pixel values. This, in turn, reduces the overall area of silicon that
must be dedicated to the interpolation function. As the majority of sub-pixels are,
in fact, ¥ resolution sub-pixels (12 out of the 15 sub-pixels illustrated in FIG. 14

a), the advantage provided by the invention in this respect is particularly
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significant. In software implementations, where sub-pixel interpolation is
performed using the standard instruction set of a general purpose CPU (Central
Processor Unit) or using a DSP (Digital Signal Processor), a reduction in the
precision of the arithmetic required generally leads to an increase in the speed at
which the calculations can be performed. This is particularly advantageous in ‘low
cost’ implementations, in which it is desirable to use a general purpose CPU rather
than any form of ASIC.”).
VII. LEVEL OF ORDINARY SKILL

41. I have considered the *599 patent from the perspective of a POSITA at
the time of the alleged invention. A POSITA at the time of the alleged invention of
the 599 patent, i.e., September 17, 2001, would have had either (1) a Bachelor’s
degree in electrical engineering, computer engineering, computer science, or a
comparable field of study such as physics, and (2) approximately two to three
years of practical experience with video encoding/decoding. Additional experience
can substitute for the level of education, and vice-versa. At the time of the claimed
invention, I would have qualified as a POSITA under this standard.

42. Inote that I previously submitted declarations in three IPRs
challenging the *599 patent: [IPR2021-00037, [IPR2021-00038, and IPR2021-
00039. The POSITA definition I propose now differs slightly from before but is

substantially similar. The definition that I proposed in the previous IPRs is: “A
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POSITA at the time of the alleged invention of the 599 patent, i.e., September 17,
2001, would have had either (1) a bachelor’s degree plus four years of experience
in electrical engineering, computer engineering, computer science, or a related
field; or (2) a master’s degree plus two years of experience in electrical
engineering, computer engineering, computer science, or a related field.” This
difference does not affect my opinions on the *599 patent. Thus, the Challenged
Claims are invalid under both definitions.
VIII. PRIOR ART OVERVIEW

43. It is my opinion that all elements of the claimed invention of the *599
patent, including the purportedly novel feature I described above, were well-known
before the patent’s alleged September 17, 2001 priority date.

A. TMLeé6

44.  “Test Model Long 6,” known as “TML6,” is a technique for encoding
and decoding a video signal that was developed by the Video Coding Expert Group
(VCEQG). See EX-1001, 8:50-59 (“Two interpolation schemes have been developed
as part of the work ongoing in the ITU-Telecommunications Standardization
Sector, Study Group 16, Video Coding Experts Group (VCEG), Questions 6 and
15. These approaches were proposed for incorporation into ITU-T
recommendation H.26L and have been implemented in test models (TML) for the

purposes of evaluation and further development. The test model corresponding to

29



U.S. Patent No. 7,280,599
IPR2024-01140

Question 15 is referred to as Test Model 5 (TMLS5), while that resulting from
Question 6 is known as Test Model 6 (TML6).”). The VCEG is a working group of
the ITU Telecommunication Standardization Section (ITU-T) organization that is
tasked with developing standards for video coding. /d. The VCEG created TML6
as a part of developing a standard for adoption by ITU. Id. The technique is
summarized in a description document entitled “VCEG-L45d0” (VCEG-L45) and
was implemented in source code (“TML6 source code”) (TML6). The TML6
source code is a fully developed codec (i.e., encoder and decoder) and could be run
on a processor to perform the encoding and decoding functions I describe below,
among other functions. See EX-1001, 8:50-60.

45. T understand that the TML6 source code was publicly available as a
printed publication no later than March 28, 2001, and is therefore prior art to the
’599 patent. Wenger, 920-38. It was common for subscribers to the VCEG email
reflector—including not only VCEG participants but also non-participants such as
students and members of the general public—to be notified by email when files
were uploaded to the FTP folder. Wenger, 99 26-27. And because the folder was
not password-protected, and was publicly accessible, it was common for files to be

downloaded from the folder, especially in connection with VCEG meetings.

Wenger, 9 21-22, 27-28.
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46. VCEG-LA45, titled “H.26L Test Model Long Term Number 6 (TML6)
draft0,” explains that the TML6 code is “for the development of a new
compression method ITU-T recommendation - H.26L.” VCEG-L45, §1. 1
understand that VCEG-L45 was publicly available as a printed publication no later
than March 10, 2001, and is therefore prior art to the 599 patent. Wenger, 99/18-
38. As Dr. Wenger explains, the TML6 comprises a subset of a group of files that
together make up the fully functional source code of a working video encoder and
decoder. Wenger, §919-21. These files were packaged in a single compressed file
names “tml6pre.zip” and made publicly available via the VCEG FTP server by
March 28, 2001. Wenger, 4918-28. Except for the “readme.txt,” the files that
comprise TML6 originate from subfolders in “tml6pre.zip” named “lencod,”
“ldecod,” and “bin” containing files with executable code. TMLG6 thus excerpts
the source code that was packaged and made publicly available in “tmlépre.zip” by
VCEG. VCEG-L45 was prepared by Study Group 16 of the VCEG of ITU-T and
addresses Question 6 (“Q.6”). Question 6 was well known to a POSITA to address
standardization of video coding for audio/visual services such as
videoconferencing, video telephony, streaming, broadcast, and file download.
VCEG-LA45 describes encoding and decoding aspects of the TML6 code, such as
sub-pixel interpolation for fractional pixel motion compensation (§3.6) and

Network Adaptation Layer for IP networks (§8).
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47. TML6 discloses methods of interpolating % and %4 sub-pixels. EX-
1001, 11:44-13:53; EX-1005, TML6, 57-59 (/tml6pre.zip/lencod/src/image.c, 11.
538-632). In particular, TML6 discloses pixels and sub-pixels arranged into rows
and columns, where sub-pixel values are interpolated as follows:

48. The ’599 patent explains, with reference to Figure 13(b) below, that in
TML6’s sub-pixel interpolation method, “[t]he value for the sub-pixel at half unit
horizontal and unit vertical location [in blue], that is % resolution sub-pixel b in
FIG. 13a, is obtained by first calculating an intermediate value b using a six tap
filter. The filter calculates b based upon the values of the 6 pixels (A; to Ag) [in
purple] situated in a row at unit horizontal locations and unit vertical locations
symmetrically about b, as shown in FIG. 13b.”

A+ Az Asd b d Ag As As

Figure13(b)
EX-1001, Figures 13(a)-(b), 11:54-65. As described in detail below with respect to
Element 1[a], I have confirmed that the TML6 code discloses this interpolation

method.
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for (j=0; j < img->height; j++)
{
for (i=0; i < img->width; i++)
{
i2=i%*Z;
is=(ONE_FOURTH TAP[0][0]*(img¥[j][1 J+img¥[j] [min(

img->width-1,i+1)])+
ONE_FOURTH_TAP[1] [0]*(img¥[j] [max(0,i-1)]+img¥[j] [min(

img->width-1,3i+2)])+

ONE_FOURTH _TAP[Z] [C)*(img¥[]j] [max(0,i-2)]+img¥[]] [min(
img->width-1,i+3)1));
7 img4Y tmp[2*3][i2 J=img¥[j][i]* 4; * 1/1 pix pos
imgdY tmp[2*j] [i2+1]=is*232; * 1/2 pix pos

mref[img->frame cycle][j4 ][i*Z]=max(J,min( s {2nt) ((
img4Y tmp[j2]1[i1+512)/ ) ¥); [ 2 s X

TML6, 57-58 (/tml6pre.zip/lencod/src/image.c, 11. 563-575, 588).

49.  The ’599 patent further explains with reference to Figure 13(c) below,
that in TML6, “[v]alues for the % resolution sub-pixels labelled ¢ [in blue] are
obtained by first calculating intermediate values c. Referring to FIG. 13(c), an
intermediate value c¢ for the '4 resolution sub-pixel c located at unit horizontal and
half vertical location is calculated based upon the values of the 6 pixels (A to Ae)
[in purple on the left] situated in a column at unit horizontal locations and unit
vertical locations symmetrically aboutc. ...... Similarly, an intermediate value ¢
for the /2 resolution sub-pixel ¢ at half horizontal and half vertical location is
calculated according to [values of the 6 previously-interpolated sub-pixels b;-be in

blue on the right].”
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Figure 13(c)

EX-1001, Figure 13(c), 11:66-12:17. As described in detail below with respect to

Elements 1[a]-1[b], I have confirmed that the TML6 code discloses this

interpolation method. Element 1[a]-1[b], infra.
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for (i=0; 1 < img->width*>; i++)

{
for (j=0; j < img->height; Jj++)
{
j2=j*2;
ja=j*4;
/* change for TML4, use & TAP vertical filter */
is=(ONE FOURTH TAP[U][0]*(imgdY tmp([i2 1011+
imgdY tmplmin (- *img=->height=-2,32+2)]1[1i])+
OEE_FOURTH_TA?[ 1[0]1*(img4Y tmplmax(0,j2-2)]1[i]l+
img4Y tmpmin(Z*img->height-Z,j2+4)]1[i])+
ONE_FOURTH_TAP[-][0]1*(img4Y_tmpmax(0,j2-4)1[i1+
img4¥ tmpmin(Z*img->height=-2,j2+6)1[11))/32;
imgdY tmp[j2+1][il=is; /* 1/2 pix =/
mref[img->frame cycle]([j4 J[i*2]=max(.,min(  RInEY (L
imgdY tmpl[j2] [i)+ Y 1})); i* 212 pix */
mref [img->frame cycle] [j4+2][i*2]=max(0,min (255, (int) ((is+
512) /1024)));: /* 1/2 pix */
}
}
for (i=0; i < img=>width*>; i++)
{
for (j=0; j < img->height; j++)
{
j2=3*2;
ja=j*4;
/* change for TML4, use & TAP vertical filter */
is=(ONE FOURTH TAP[0][0]*(img4Y tmp[j2 1[i]+
img4¥ tmp[min(Z*img->height-2,32+42)]1[i])+
ONE_FOURTH_TAP([!][0]*(img4Y_ tmp[max(0,3j2-2)][i]+
imgdY tmp[min(S*img->height-2,52+44)]1[i])+
ONE_FOURTH_TAP[Z] [0]*(img4Y tmplmax(0,j2-4)]1[i]+
img4Y tmpmin(2*img->height-2,32+6)1[11))/:2;
imgdY tmp[j2+1][i]l=is; I* 142 piz %)
mref [img->frame cycle][j4 J[i* )=max(’,min( , {int) ({
imgd4Y tmp[j2] [11+512)/1024))); /* 1/2 pix */
mref[img->frame cycle] [j4+2] [i*2]=max () ,min (255, (int) ((is+
512)/1024))); [/* 1/2 pix */
}
}

TML6, 57-58 (/tml6pre.zip/lencod/src/image.c, 1. 576-592).
50. And as the 599 patent describes with reference to Figure 13(a)

(below), in TML6 “[v]alues for ["4] [sic] resolution sub-pixels labelled g [in green]
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are computed using the value of the nearest original pixel A [in purple] and the
intermediate values of the three nearest-neighbouring Y2 resolution sub-pixels

[blue].”

Fig. 13(a)
EX-1001, Figure 13(a), 12:58-65. As I described below with respect to Element
I[pre][a], I have confirmed that the TML6 code discloses this interpolation

method.
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* 1/4 pix ¢
4 4 luma

iel=(img->width-1)*<;
jel2=(img->height-1)*4;

for (j=0;3<jel+<¢;j+=I)
for (i=(;i<iel+2;i+=_)
mref[img->frame cycle] [j][i+l])=max (0, ,min (ZF ,(i::)(imgé?_:mp[j/

J[i/2)+img4Y_tmp([j/2] [min(ie2/2+1,i/2+1)]+] ) /2048)) ;

for (i=0;i<iel+4;i++)

{
for (j=0;3<jel+ ;3+=2)
{
if( 1% == )
mref [img->frame cycle] [j+1] [1])=max ( ,min( , (1nt
) (img4¥ tmp[j/2]1[i/2)+img4Y_tmp[min(je2/2+1,3j/2+!
}1[i/2)+1024) /2048));
else
mref [img->frame cycle] [j+1] [i]=max (!, min(  {int) (
img4¥Y_tmp([j/2 1Ii/2 1 +
imgdY tmp[min(je2/Z+1,3/2+1)][i/: ] +
€12 img4Y tmp[j/2 J{min(ie2/2+1,i/2+:)] +
img4¥ tmplmin(je2/2+1,j/2+1)]1Imin(ie2/2+1,i/2+1)]
+ )/ V)
if( ((i&3) == 3)&&(((j*1)&2) == 3))
{
mref [img->frame_cycle] [j+1][i] = (mref[img->
frame cycle]([j- 1[i- ] +
mref [img->frame cycle] [min(je2,j+2)1[i-
] +
mref[img->frame cycle] [j- J[min(ie2,i
+.)]1 +
mref [img->frame cycle] [min(je2,j+2)] [min(ie2, i
+3)1] * )/4;
}
}
4 }

Chroma:
for (uv=0; uv < I; uvt+)
for (j=0; j < img->height_cxr; j++)
memcpy (mcef [img->frame cycle] [uv] [j],imgUV[uv] [j] ., img
=>width_cr); /* just copy 1/1 pix, interpolate

TMLG6, 58 (/tml6pre.zip/lencod/src/image.c, 11. 593-625).

1. Motion Prediction During Encoding

51.  Asshown in TMLG6, portions of the TML6 source code are stored in a

main folder, tml6pre, and subfolders including a lencod folder, a ldecod folder,
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and a bin folder. See TML6. This folder structure is represented by the file names
at the top right corner of TML6. Id. The folders and subfolders include files with
executable code. /d. Upon my review of the code, the lencod folder generally
includes files of code to encode video data, and likewise, the ldecod folder
generally includes files of code to decode video data. /d. The TML6 code includes
functions that perform specific tasks during encoding and decoding of video
frames, such as motion prediction and sub-pixel interpolation to aid in motion
prediction with fractional pixel resolution. With respect to motion prediction in the
encoder, these functions include:
e main(): initializes encoding, calls functions to perform encoding,
and writes output of the encoding. See, e.g., TML6, 69-70
(/tml6pre.zip/lencod/src/lencod.c, 11. 2-112).
e cencode one_frame(): called by the main() function and encodes
an image (“frame”) of video data. See, e.g., TML6, 48-50
(/tml6pre.zip/lencod/src/image.c, 11. 33-163 (the
encode _one_frame () function “[e]ncodes one frame™)), 70
(/tml6pre.zip/lencod/src/lencod.c, 1. 79-95 (the main() function
calls the encode one frame() function to “encode one I- or P-

frame™)).
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e encode _one slice(): called by the encode one_slice() function and
encodes a slice, i.e., part of a frame of video data. See, e.g., TMLG6,
50-51 (/tml6pre.zip/lencod/src/image.c, 1. 164-225 (the
encode_one_slice() function “[e]ncodes one slice”)), 49
(/tml6pre.zip/lencod/src/image.c, 11. 85-96 (the
encode_one_frame() function “loop[s] over slices” and calls the
encode _one_slice() function to “[e]ncode the current slice™)).

e encode_one_macroblock(): called by the encode one_slice()
function and encodes macroblocks of a certain pixel size of a slice.
See, e.g., TML6, 115-116 (/tml6pre.zip/lencod/src/macroblock.c,
11. 769-842 (the encode one_macroblock() function “[e]ncode[s]
one macroblock depending”)), 51 (/tml6pre.zip/lencod/src/image.c,
11. 198-220 (the encode one_slice() function “loop[s] over
macroblocks™ and calls the encode one macroblock() function to
“[e]ncode one macroblock™)).

e motion_search(): called by encode one macroblock() function
and searches for motion vectors. See, e.g., TML6, 16-24
(/tml6pre.zip/lencod/src/block.c, 1. 734-1180 (the motion_search()
function performs “routine motion search™)), 115

(/tml6pre.zip/lencod/src/macroblock.c 11. 769-842 (the
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encode_one_macroblock() function calls the motion_search()
function to “[m]otion vector search”)).

e oneforthpix(): interpolates sub-pixels in the encoder to "4 pixel
resolution. See, e.g., TML6, 57-59
(/tml6pre.zip/lencod/src/image.c, 11. 538-632 (the oneforthpix()
function “[u]psample[s] 4 times [i.e., to Y4 pixel resolution] and
store[s] in buffer [mref] for multiple reference frames™)), 49
(tml6pre.zip/lencod/src/image.c, 1. 99-109 (the
encode one_frame() function calls the oneforthpix() function)).

2. Interpolating Sub-Pixels During Encoding

a)  Brief Overview of the Oneforthpix() Function

52.  When the TML6 source code performs motion prediction to encode a
video data stream, it also executes the source code in a file called “image.c”
contained in the lencod folder. TML6, 57-59 (/tml6pre.zip/lencod/src/image.c).
Within the image.c file, lines 538 to 632 of the source code are the oneforthpix()

function' for interpolating 2 and Y4 sub-pixels based on the actual pixels (which I

! This function is used to interpolate I-frames and P-frames. The TML6 encoder
uses this function, as well as the oneforthpix 2() function at lines 633 to 719 of the

image.c file to interpolate sub-pixels for B-frames. See TML6, 149
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refer to as “unit pixels”) representing a frame. TML6, 57-59
(/tml6pre.zip/lencod/src/image.c, 11. 538-632).

53. Namely, the oneforthpix() function uses the data structure “img¥”
that represents the brightness—or “luminance”—values? of the pixels for one
frame of the video data stream.> TML6, 57-59 (/tml6pre.zip/lencod/src/image.c, 11.
538-632), 49-50 (/tml6pre.zip/lencod/src/image.c, 1. 97-109 (“I- and P-
frames:loop-filtered imgY, imgUV -> mref]][][], mcef[|[][][]” (emphasis added))),
110-112 (/tml6pre.zip/lencod/src/macroblock.c, 11. 480-600 (the
LumaResidualCoding P() function populates the imgY data structure with
luminance data from the img data structure)), 115-116
(/tml6pre.zip/lencod/src/macroblock.c, 1. 769-842 (the encode one macroblock()
function calls the LumaResidualCoding P() function for “[r]esidual coding of

Luminance™)), 40 (/tml6pre.zip/lencod/inc/global.h, 1. 284 (“imgY . .. Encoded

(/tml6pre/lencod/src/image.c 1. 97-109). Both functions use the same interpolation
scheme. Therefore, descriptions of the interpolation method for oneforthpix()
apply equally to oneforthpix 2().

2 In the following sections, unless otherwise specified, “values” of pixels or sub-
pixels refers to luminance values of the pixels or sub-pixels.

3 Note that the pixel data is only the residual pixel data.
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luma images”)), 93 (/tml6pre.zip/lencod/src/lencod.c, 11. 1338-1344). For the sake
of illustration, the data from data structure imgY for a group of 16 pixels, arranged

in four columns and four rows, is shown in the figure below.

\
xO \ \ \
.1_00 . 0‘\‘0 ¢ (\&0 (_‘.l'(\'&'0
Q\ Wb 10 v
T ot Q\O(\ e
} .
(\ (\\ \)(\\K' (\\
Unit Vertical | [] -] [] [:]
Unit Vertical | [] (2] [1] []
Unit Vertical | [“] (<] [v] L]
Unit Vertical | [*] ] (] (4]
imgY

See TML6, 93 (/tml6pre.zip/lencod/src/lencod.c, 11. 1339-1344 (“allocate memory
for encoding frame buffers: imgY ... memory size += get mem2D(&imgY, img-
>height, img->width)”)). In the figure, the “unit” pixels in purple—i.e., the actual
pixels—are shown at “unit horizontal” locations (i.e., columns) along the width of
imgY and “unit vertical” locations (i.e., rows) along the height of img¥. Then, the

oneforthpix() function interpolates the luminance values for the sub-pixels located
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between the actual pixels based on the pixel luminance data in img¥ and fills the
sub-pixel luminance data in a data structure called “mref,” as illustrated below.
TML6, 57-59 (/tml6pre.zip/lencod/src/image.c, 11. 538-632 (oneforthpix()

function), 40 (/tml6pre.zip/lencod/inc/global.h (“mref . . . 1/4 pix luma”)).

‘“g éa}&h eéfc éf «*g «f aré‘@:a § *‘; & §1 4 :e‘s\s{- § J
[ [] ] [] ot v | €] E (] [T [ F 1 (&1 [ te] ‘1| ] [
% Uit Vertical o f___: Le] L=] =] 1e) L= =] l2] [=] [2] [=]
s | IO OOAHANEEEM
is % Unit Vertical E__ E 121 _| L2 I_ __ :I _l =l _—l | M| _
| [ L L] oneforthpix wevnes | 1] ll | [ : () G O o] L] ] l_]| o
K Unit Vertical | | |I i | ] L | ! L#] | | i
> s |[JEOHOEOEOEEEM
_ = wavns | AAEAEEHEEEEEEEE
L] ] [+] [] wwsa | HEEGEEHEE :{ DEEOEE
KL | (=] [=] [=] [=] L=] [=] [=] (=] [=] -i_r_
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L] [:] [ [ MEMHEMEDEEERMELR

imgY mref

The oneforthpix() function uses luminance values—from the imgY data
structure—of the actual unit pixels in purple located at the unit horizontal and unit
vertical locations to interpolate values for the 72 and 4 sub-pixels in blue and in
green located at “half unit” and “quarter unit” locations, respectively. Id. After
being stored in the mref data structure, these interpolated luminance values are
used in motion prediction to predict motion to and from fractional pixel locations.
See, e.g., TML6, 16-24 (/tml6pre.zip/lencod/src/block.c, 11. 734-1180 (the
motion_search() function performs “routine motion search” including “1/2 pixel

search” and “1/4 pixel search™)), 115 (/tml6pre.zip/lencod/src/macroblock.c 1.
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769-842 (the encode one _macroblock() function calls the motion search()
function to “[m]otion vector search’)).

54. More specifically, the locations of the interpolated /2 sub-pixels in
blue and 4 sub-pixels in green can be shown for the sake of simplicity within the

red dashed box consisting of two rows and two columns of unit pixels in purple.

-~ N =~ S ol p . N, S,
~ CCIE R & o VA R ey
F & F F o 5 & & FF GE
& o & W F LW N
& Q N o o
G G0 B0 A et g @ 4

By SR e ey M ot G T O O X I
F 8 o v F N N S W RN &

BTl (Rl Nt sl R G o)
Unit Vertical " u Q H Q v iLe H Q u - ( u

I
% Unit Vertical Ij @ a a s Q ' Q a a a Q aQ a a
= = it B bk Py Lkl (Y St T Kol (T e (Y i M B o 04 sl
% Unit Vertical | B Q H o H (] e H a H Q H Q -
S — ._.l S R S —— R S
% Unit Vertical : a a 2 a alyf| e a a a Q a a ! a
— — _l N v e A —— — —
' )

Unit Vertical I 2 5 Q AR H Q u a 4 Q U
% Unit Vertical | Q Q n e | al|a a Q a | al |a al |a
% Unit Vertical s Q f a H Q H Q H a H Q H
% Unit Vertical | Q Q a a a Q a a | Q I a a a a
Unit Vertical v Q H g u c H s U a H Q U
% Unit Vertical | Q Q Q a Q Q a a Q a a I a a
% Unit Vertical H Q H Q H Q - Q H a H a H
% Unit Vertical o o} Q Q a Q Q a a Q a a a
Unit Vertical u Q H a u Q 4 o] u | a " [ Q u
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These two rows and two columns of unit pixels in purple (and the sub-pixels
between them) in the red dashed box are reproduced below to illustrate sub-pixel
locations as they are described in the *599 patent. EX-1001, 11:54-13:3. The
highlighted 72 sub-pixels in blue include sub-pixels located at (1) half unit
horizontal and unit vertical locations, (2) unit horizontal and half unit vertical
locations, and (3) half unit horizontal and half unit vertical locations. See, e.g., EX-
1001, 11:54-12:17. In other words, 72 sub-pixels are located halfway between unit
horizontal locations, halfway between unit vertical locations, or halfway between

both unit horizontal and unit vertical locations. See, e.g., EX-1001, 11:54-12:17.

[v] [of [&] [af [w]| |[u] [o] [x] [a] [u]| |[u] [a] [¥] [a] [V]
e E ||[FREE ||&EEEE
[#] [a] [#] [a] [H] [a] [#] [a [#] [o] [#] [a]

a] [o] [a] [a] a] [a] [a] [a a] [a] [a] [a]
[u] (]| | [v] [u] | | [v] [u]
% unit horizontal unit horizontal % unit horizontal
unit vertical " % unit vertical " Y unitvertical

As further illustrated below, the highlighted 4 sub-pixels in green include sub-
pixels located at (4) quarter unit horizontal locations (i.e., locations 25% or 75%
between the horizontally arranged actual unit pixels) and unit vertical locations, (5)
quarter unit horizontal locations and half unit vertical locations, (6) unit horizontal

and quarter unit vertical locations (i.e., locations 25% or 75% between the

45



U.S. Patent No. 7,280,599
IPR2024-01140

vertically arranged actual unit pixels), (7) half unit horizontal and quarter unit

vertical locations, and (8) quarter unit horizontal locations and quarter unit vertical

locations. See, e.g., EX-1001, 12:18-13:3.

o] @ W @ 0| (@ e E R ©
la] [a] [a] [a] la| [af [a] [a]
] [a] |[H] [a] H| [a] [v] [a
la] [a] [a] |a] [a] [o] [a] [a]
; u
Y% unit horizontal Y% unit horizontal
unit vertical " Y unit vertical

u] [a] [#] [a] [u

[<]

2] [#]

Bl [=]

o] =]
<]

1
[a] [a] [a] [q] la] | [a]
(1] [a] [#] [<] [#] [a] [#] [a]
[a] [a] [a] [q] la] [a] [a] [a]

unit horizontal ¥ unit horizontal
% unit vertical " Y% unit vertical

[<]
<]
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' [u] [a] [#] [a] [4]
la] [a] [a] [a]

] [a] [«] [g]

af [a] [o] [a]
[v] Y]

1 unit horizontal
Y% unit vertical

55.  As illustrated below, when the oneforthpix() function interpolates the
values of the unit pixels in imgY to generate the luminance values of 2 and 74 sub-
pixels, these values are stored in mref along with the unit pixel luminance values.
The result is that the mref data structure is larger than the imgY data structure to
include additional rows and columns to represent values of sub-pixels %2 and "4 of
the way between the unit pixels. For example, as illustrated below, the illustrative

imgY data structure has four rows and four columns of unit pixels.

1 2 3 3 123 4 5 6 7 8 9% 101 12513

(@ o B o , | DECEODEEEEEEEE

: |[EEEHEEEEEEEE

Jinioiooinioininnininyain

o ([ [ [ o] () Lo o] ] ] O ) o]

z | [¢] [] [ [ oneforthpix  ° E{l_'[:i _D'_DTE}HD'_‘D

6 | [=f (=] (=] (=] [=] L=) [=] L=] (=] (=] (o] (=] (=

> |IEHE0HEEEEEEE

e | (2 () () (o] [ (&) (6] (&) (=] (] (] [

» | @ [ o [ | DEQEREAEEEEREE

10 | [o] [ [ (1 [ 5] ] (=] (e [ (] ][]

i2jciojajsiaisjaiajaialala

o ] g g » | DEEEDEEEEEREE
imgY mref
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In the illustrative mref data structure shown above, there are an additional nine
rows, three rows between each pair of rows storing values of unit sub-pixels, to
store the Y2 and "4 sub-pixel values. Thus, there are a total of thirteen rows in the
illustrative mref data structure. By the same token, the illustrative mref data
structure has an additional nine columns, three columns between each pair of
columns storing values of unit sub-pixels, to store the /2 and 4 sub-pixel values.
Thus, there are a total of thirteen columns in the illustrative mref data structure.
See, e.g., TMLG6, 57-59 (/tml6pre.zip/lencod/src/image.c, 11. 538-632).

56. The oneforthpix() function contains three main steps that are
performed to interpolate sub-pixels to generate the mref data from the imgY data.
TMLG6, 57-59 (/tml6pre.zip/lencod/src/image.c, 11. 538-632). The three steps are
performed in three respective “for loops” in the TML6 source code, as shown
below. /d.

Step 1
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for (j=0; j < img->height; J++)
{
for (i=0; i < img->width; i++)
{
12=1%7;
ig=(ONE FOURTH TAF[C][(]1*(img¥[j][i 1+img¥[j] [min(
img->width=-1,i+1)])+
ONE FOURTH TAFP[L1][{]1*(img¥([j][max(0,i-1)])+img¥[]] [min(
img->width-1,i+2)]1)+
ONE_FOURTH _TAP([Z] [U])* (img¥[]j] [max(l,i-2)])+img¥[]] [min(
img->width-1,i+3)]1))
imgd4Y_tmp[Z*3] [12 J=img¥[jJ[1]*i02¢; /* 1/1 pix pos
imgdY _tmp (%3] [A2+1]=is*:; A 1/2 pax pon A
}
}
Step 2
for (i=0; i < img=->width*>; i++)
{
for (j=0; j < img=>height; j++)
{
j2=j*2;
jé4=j*4;
/* change for TML4, use € TAP vertical filter */
is=(ONE FOURTH TAP[C][0]*(img4Y tmp[j2 1011+
img4Y tmp([min(2*img->height-2,32+2)]1([1i))+
ONE_FOURTH_TAP([1] [0]*(imgd4Y_tmp(max(0,3j2-2)]1[i]+
img4Y_ tmpmin(Z*img->height-2,32+4)1([1))+
ONE_FOURTH_TAP[-] [0]1*(img4Y tmplmax(0,32-4)1[i)+
img4Y_ tmp([min(Z*img->height-2,j2+¢)]1[1i)))/32;
img4yY tmp[j2+1][i]l=is; I* 3,2 pix %/
mref [img->frame cycle]l[j4 JI[i*Z]l=max(0,min(253, (int) ((
imgd4Y tmp[3j2)[i)4512)/1024))); /* 1/2 pix */
mref [img->frame_cycle] [j4+2] [i*Z])=max (0 ,min(255, (int) ((is+
2)/1024))); /* 1/2 pix */
¥
}
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Step 3

593 i 1/48 pix */

5594 /* luma */

595 iel=(img->width-1) *<¢;

S59€ je2=(img->height-1)*4;

597

598 for (j=0;j<jel2+4;3+=2)

599 for (i=[;i<iel+:;i+=])

60 mref[img-)frame_cycle][j][i+i]-max(L,min(;ff,(int}(img4¥_tmp[j/;

1[i/2]+img4Y_tmp[j/2] [min(ie2/2+1,i/2+41)]1+1024)/2048));

€01

€02 for (i=0;i<iel2+4;i++)

€03 {

604 for (j=0;j<jel+i;j+=I)

€05 {

€06 if( i%2 == 0 )

€07 mref [img->frame_cycle] [j+1] [i]=max(0,min (255, (int
) (img4Y_tmp[j/21[1i/2]1+img4Y_tmp[min(je2/2+1,3/2+1
Y1[i/2]1+1024)/2048));

€08 else

609 mref [img->frame cycle][j+l][1)=max (0, min(Z55, (int) (

610 imgdy¥_tmp[3/2 10i/2 ] +

611 img4Y tmp[min(je2/2+1,5/2+1)]1([1i/Z ] +

€12 img4Y_tmp[j/Z l1[min{ie2/2+1 ,i/2+1)] +

613 img4Y_ tmp[min(je2/2+1,3/C2+1)] [min(ie2/2+1,i/2+1)]
+ 2048) /409€));

£l4

€15 f* "funny posision" */

€1lE if( ((i&°) == 2)&&(((3+1) &) == 2))

€17 {

€18 mref [img->frame cycle] [j+1][1] = (mref[img->
frame_cycle] [j-2 1[i~-3 ] +

€19 mref [img->frame_cycle] [min(je2,j+2)][i-3

] +
620 mref [img->frame cycle][j-2 ] [min(ie2,1
$1)] # &
€21 mref [img->frame cycle] [min(je2,j+2)] [min(ie2,i
+3)1 ¥ 2 /%

622 }

623 }

24 }

€26 /* Chroma: */

€27 for (uv=0; uv < 2; uvtt)

€28 for (j=0; j < img->height_cxr; j++)

629 memcpy (