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I. INTRODUCTION

1. My name is Philip Greenspun. This declaration expands on the
conclusions that I have formed based on my analysis provided in my previous
declaration. See generally Greenspun (EX1002).

II. “IN A LOOP” SHOULD BE CONSTRUED ACCORDING TO THE
TERM’S PLAIN AND ORDINARY MEANING.

2. Paper 9 (“POR”) in this proceeding implicitly proposes a construction
for the term “in a loop” in claim 8 to require that a pixel “loops around any other
pixels during shifting,” such that a “leading pixel” in the selected set of pixels “ends
up behind... where it started out.” See POR, 31-33. In my opinion however, and
consistent with my previous declaration (see, e.g., Greenspun, 448), the plain and
ordinary meaning of “in a loop” is broader, encompassing also the resetting and
repeating of shifting a set of pixels that I discussed in my previous declaration.
Although the POR points to the specification’s examples to support its narrow
construction, these are indeed only examples, which do not indicate that “in a loop”
means something different from the term’s plain and ordinary meaning.

A.  The Plain and Ordinary Meaning of “in a loop” Includes Resetting
and Repeating the Shifting of a Set of Pixels.

3. In my opinion, the plain and ordinary meaning of “in a loop” includes
shifting a set of pixels and, upon completion of this shift, resetting the set back to its

original position and repeating the shift.
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4. Under the POR’s construction, the claimed “in a loop” is satisfied only
when a pixel “loops around any other pixels during shifting.” POR, 31.> However,
a POSITA would have recognized that, within the relevant realm of “computer
science, electrical engineering, [and] related field[s]” (see Greenspun, 424), the
word “loop” is not confined to—and indeed includes more than—such looping. For
instance, “while and for loops,” which were widely used in nearly all programming
languages, are control statements that execute a set of code, and then—not during
but only afterwards—Iloop by returning to the beginning of the set of code to repeat
the execution until a condition is met. Kernighan, 74-77.

5. Further, within the specific sub-realm of “image processing and
animation” including in “existing systems for image processing and animation” (see
Greenspun, 924), a POSITA would have recognized that the word “loop” continues
to hold a broader meaning than what the POR proposes. Indeed, AEM and IMU,
which describe such then-existing systems, both teach—using the exact word
“loop”—a type of looping in which a set of pixels is, after shifting, reset back to the
set’s original position, from which the shift is then repeated.

6.  AsIexplained in my previous declaration, AEM teaches that AECS6’s

“loopOut()” expression by default causes “all keyframes [to] loop.” AEM, 562;

2 Emphasis added throughout unless indicated otherwise.

_8-
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Greenspun, 972, 128. Thus, when applied to a Puppet effect Deform pin, the
“loopOut()” expression causes the Deform pin and surrounding pixels in the mesh
to shift along the defined motion path and to only thereafter reset to repeat this shift
in what AEM expressly states is a “loop.” AEM, 562, 219; Greenspun, 72, 128.
7. Similarly, as I also explained in my previous declaration, IMU teaches
that IMV6’s “-loop” operator specifies the “[nJumber of times [a] GIF animation is
to cycle th[rlough the image sequence before stopping.” IMU-Animating, 2;
Greenspun, §163. Specifically, IMU teaches that a GIF animation comprises a
canvas, within which frames are “overlaid” or “cleared” on the canvas over time,
and where, regardless, “the whole canvas is always cleared at the end of the
animation sequence, before it loops and repeats.” IMU-Animating, 4-6. The “-
loop” operator specifies how many such “loops” should occur—i.e., how many times
the GIF repeats after playing its animation sequence from beginning to end—where
the default “zero” value causes an “infinite loop.” IMU-Animating, 2; Greenspun,
9163. As such, when applied to a GIF animation created using, e.g., IMV6’s
Shepard’s Distortion, the “-loop” operator by default causes the Shepard’s-
Distortion-shifted pixels to reset at the end of the animation sequence, not before,
and the shifting to repeat in what IMU expressly states is an “infinite loop.”

Greenspun, qY161-63, 181.
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8. Thus, both AEM and IMU demonstrate that, when shifting a set of
pixels—whether with AECS6’s Puppet effect or IMV6’s Shepard’s Distortion—the
pixels “loop” when, after the set has been shifted, the set is merely reset and the
shifting is repeated. While other ways to loop may exist, AEM and IMU nonetheless
each illustrate a way that a POSITA would have recognized to be shifting “in a loop”
under the term’s plain and ordinary meaning.

B. The Specification Does Not Limit “in a loop.”

9. As for the POR’s construction, the claims themselves contain no
language reflecting what the POR proposes. While the POR states that “in a loop”
requires specific positioning of “a leading pixel” to be “behind... where it started
out” during shifting (POR, 31-33), no claims recite any such “leading pixel” or
specific positioning. Rather, the claims merely recite “rendering in a loop the first
set of pixels being shifted.”

10.  Further, the POR states that its construction applies solely because
specific embodiments described in the specification—namely, “the first
embodiment” illustrated in the 641 Patent’s FIGS. 5A and 5D, as well as “the
alternative embodiment” described at 9:16-22—allegedly perform what the POR
defines as looping. See POR, 31-33 (“That is why merely returning a pixel to its

starting point is not shifting it in a loop”). And vice versa, the POR states that my

-10 -
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explanation for how the prior art shifts pixels “in a loop

99 ¢6

is not... as described in
the *641 Patent specification.” POR, 2.

11. However, all disclosed embodiments are expressly declared in the
specification as being exemplary. The specification thus does not provide a
definition for “in a loop” that limits the term’s meaning as the POR proposes, nor
excludes other known ways of looping.

12.  For instance, regarding “the first embodiment” of FIGS. 5A and 5D
(see POR, 31-32), the specification prefaces the corresponding discussion with,
“Ibly way of example....” >641 Patent, 7:60-61. And when describing specifically
FIG. 5D, which apparently depicts a “wrap around” of pixels (see POR, 7, 31-32),
the specification again states, “[flor example, pixel 500a is at the left of the shift,
while corresponding pixel 500b is reappearing at the right of the shift to begin the
shifting loop,” and, “[f]lor example, once pixel 500a reaches the end of the link (i.e.,
ending point 530), pixel 500a disappears on the next step. Upon disappearing, pixel
500b then reappears at the beginning of the link (i.e., starting point 550) to start the
loop.” ’641 Patent, 8:54-66.

13. Similarly, regarding “the alternative embodiment” (see POR, 32), the
corresponding disclosure likewise states this is just one of “various alternative or
additional embodiments,” under which, “[flor example, in at least one embodiment,

the pixels immediately begin cycling as soon as the shifting begins. For example,

-11 -
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instead of what is shown in FIGS. 5A-5D, as soon as pixel 500 shifted to its new
position depicted in FIG. 5B, pixel 500B would appear in the position depicted in
FIG. 5D.” ’641 Patent, 9:14-21.

14. Because the specification provides only illustrative, nonlimiting,
exemplary embodiments, a POSITA would not have understood the specification to
limit the meaning of “in a loop” to anything other than the term’s plain and ordinary
meaning. Indeed, the specification explicitly confirms that “[t]he described
embodiments are to be considered in all respects only as illustrative and not
restrictive,” such that “[t]he present invention may be embodied in other specific
forms...” >641 Patent, 15:56-61.

III. AEM TEACHES APPLYING “LOOPOUT()” TO A DEFORM PIN
AND WHAT RESULTS.

15. The POR states that AEM’s disclosures regarding AECS6’s
“loopOut()” expression have not been sufficiently explained. POR, 33 (noting
AEM’s discussion of “looping a segment of time” and “the In point and Out point
of [a] layer” (citing AEM, 562)). I, however, provided sufficient explanation in my
previous declaration, including in particular by quoting AEM’s high-level summary
of how “loopOut()” works overall (and how a POSITA would have understood
“loopOut()” works): that “loopOut()” by “default” causes “all keyframes [to] loop.”
AEM, 562, quoted in Greenspun, 972, 128. As I also explained in my previous

declaration, such a teaching therefore also teaches that applying “loopOut()”

-12 -
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specifically to a Deform pin would by “default” would cause “all keyframes [of the
Deform pin to] loop”™—i.e., “the Deform pin’s position will be reset to the starting
keyframe upon reaching the ending keyframe during keyframe interpolation, and the
interpolation will be repeatedly looped then and thereafter until otherwise specified
by the user....” Greenspun, §128. This exact result is also shown in the screenshots
of the AECS6 animation that I generated and discussed in my previous declaration,
which thus show visually what AEM teaches in words alone. Greenspun, 9129,
Attachment B. Indeed, the POR understands that as being what is shown in my
screenshots. E.g., POR, 12 (At Animation Time Point (3:01) the Deform pin has
been returned to its starting point as the keyframes are reset to the beginning.”).

16. The POR also states that “no disclosure [in AEM] suggests applying

2

the loopOut expression to a Deform pin.” POR, 33. In my previous declaration,
however, I showed how AEM teaches applying “loopOut()” to a Deform pin by
quoting AEM, 562—which teaches that “loopOut()” is an “expression”—and AEM,
219—which teaches that “[y]ou can use expressions to link the positions of Deform
pins to motion tracking data, audio amplitude keyframes, or any other properties.”

AEM, 562, 219, quoted in Greenspun, Y72, 128. Such teachings together

sufficiently teach applying a “loopOut()” expression to a Deform pin.

-13 -
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IV. IMU AND AEM TEACH “SHIFTING” A “SET OF PIXELS.”

17. Regardless of the looping discussed above, the POR also states that
IMU and AEM at most teach “shift[ing] single pixels only.” E.g., POR, 30, 28, 2.
The POR appears to acknowledge at least that a “single” pixel is “shift[ed]” by
IMV6’s Shepard’s Distortion and AECS6’s Puppet effect, stating that this single

pixel is “shift[ed] in the same manner that pixels 510, 520 are in Figure 5

500 520
| \
|
«u 520 a0 L —f7
24 500 500 500a v 5006
N RN /"{»”3 & e
530 O . 550 O O ; 3 %Q e
540 J— 7 B N7
. 510 /J% 51017
S
510
Fig. 5A Fig. 5B Fig. 5C Fig. 5D

See POR, 24-25, 30; *641 Patent, FIGS. 5A-5D. But, according to the POR, no other
pixels besides the single pixel are shown in the prior art as shifting in this same
manner. FE.g., POR, 30 (“IMU selects and shifts single pixels only with control
points.”), 12-14 & n.1 (“Dr. Greenspun’s shifting of the Deform pin is
indistinguishable from the shifting of a single pixel.”); see also POR, 26-27 (arguing
that the IMU-Okabe Combination also does not perform “selecting” a set of pixels,
but because “[o]nly a single pixel” shifts and is thus selected).

18. In the *641 Patent’s FIGS. 5A-5D, pixels 510 and 520 are shown as
undergoing a pure translation, particularly leftward “one space” at a time. ’641

- 14 -
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Patent, 8:1-8, 8:53-59. The POR’s argument is thus, in essence, that the prior art
must likewise show a pure-translation of multiple pixels to meet the claimed
“shifting”; if a pixel is translated but also, for example, deformed by a mesh
algorithm, then it is not “shift[ed].” See, e.g., POR, 28 (acknowledging “AEM
discloses creating a mesh... [that] changes shape in response to moving one or more
of the Deform pins,” but stating that such does not demonstrate that “any pixel other
than the pixel corresponding to the Deform pin moves along the motion path”).

19. However, the POR overlooks the specification’s express disclosure that
“shifting” a “set of pixels” may be performed by applying the exact techniques of
IMV6’s Shepard’s Distortion and AECS6’s Puppet effect as disclosed in IMU and
AEM, respectively. And such “shifting” techniques indeed do more than purely
translate a set of pixels.

A. The Specification Discloses that IMV6’s Shepard’s Distortion
“shift[s]” a “set of pixels.”

20. As I explained in my previous declaration, the specification discloses
different exemplary ways to—as also recited in the claims—*“shift’ not just a single
pixel but, explicitly, a “set of pixels,” including “us[ing] a warping function, such as
Shepard’s distortion.” ’641 Patent, 9:23-36; Greenspun, §196.

21. The specification never again discusses Shepard’s distortion. This, in
my opinion, may have been an implicit acknowledgement that a POSITA already

knew what Shepard’s distortion was and how it works. And indeed, “Shepard’s

-15 -
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distortion” was a term of art that a POSITA would have recognized by the earliest
claimed priority date (“ECPD”), particularly because of the POSITA’s familiarity
with IMU and IMV6 as I explain further below. The term’s namesake comes from
a 1968 paper by Donald Shepard titled “A two-dimensional interpolation function
for irregularly-spaced data,” in which Shepard describes a method for interpolating
unknown data values between and around “irregularly-spaced” apart “data points”

using a distance-based weighted average. Shepard,® 1-2; see also EX1042.*

3 Shepard was published in ACM ’68: Proceedings of the 1968 23rd ACM
National Conference in January, 1968, as indicated by its permanent digital object
identifier (“DOI”) link at https://doi.org/10.1145/800186.810616. Shepard was thus
publicly accessible before the ECPD. I downloaded the PDF copy of Shepard from
its permanent DOI link and provided counsel with a copy, which I understand is used
as the “Shepard” exhibit in this proceeding.

4+ EX1042 is a Wayback Machine capture of a webpage linked to in IMU-
Distorting. IMU-Distorting, 59 (“Inverse Squared Distance Interpolation™). Since
IMU-Distorting was publicly accessible before the ECPD (see Greenspun, §50), so
too was the linked webpage shown in EX1042. EX1042’s capture date of April 4,
2012, as indicated by its Wayback Machine URL of https://web.archive.org/web

/20120404084929/http://www.ems-i.com/smshelp/Data Module/Interpolation

-16 -
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Shepard’s method can be used in “diverse” types of data contexts, such as in
“mete[o]rology,... geography,... [and] biology” (Shepard, 1), and, in its general
form, is commonly known as “Shepard’s interpolation” or “Shepard’s method” (e.g.,
EX1042).

22. IMV6 utilizes a version of Shepard’s interpolation, which IMU refers
to as “Shepard’s distortion.” E.g., IMU-Distorting, 59-62. Notably, aside from the
specification, this “Shepard’s distortion” terminology appears to be used only by
IMU and IMV6—in fact, no search results are yielded when searching IEEE and

ACM’s academic literature databases using the search term “Shepard’s distortion”:

/Inverse Distance Weighted.htm (see Archive, §5 (explaining URL)), confirms
EX1042’s pre-ECPD public availability. I printed the webpage at this URL and
provided counsel with the printout that I understand is used as EX1042 in this
proceeding.

-17 -
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Thus, the fact that the specification explicitly recites “Shepard’s distortion” perhaps
indicates that the specification is referring specifically to IMV6’s Shepard’s
Distortion and stating that such may be used to shift pixels. See 641 Patent, 9:23-
36. Nevertheless, the underlying method of “Shepard’s distortion” remains the same
as what is described in Shepard: “Shepard’s distortion”—as it appears in both the
specification and IMU—remains a “point driven” technique that, at a high-level, is
“equivalent to a thick block of ‘taffy’ representing [a] source image[] having pins
driven into it and then the pins moved around” (i.e., pins, or “control points,” are
irregularly-spaced apart). Compare IMU-Distorting, 62, 59, with Shepard, 1.

23. Hence, Shepard’s distortion “does not move areas, but poeints,” and
“will swirl and stretch and compress the image between the control points, but it
tries hard not to rotate or scale the image near the control points™ (i.e., interpolates
pixel values based on distance to a control point). Compare IMU-Distorting, 59-60,
62, with Shepard, 1-2. Stated differently, when applying Shepard’s distortion to an
image, the movement of only some pixels is explicitly specified with a vector while,
by contrast, the movement of other pixels is inferred via Shepard’s interpolation
from the explicitly specified vectors, causing these other pixels to be stretched,
compressed, and reoriented.

24.  Such Shepard’s distortion, as IMU teaches, is utilized in IMV6’s

“Shepard’s Distortion” effect. As I explained in my previous declaration, IMU

-20 -
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provides an example that depicts an image of a koala being “pulled and stretched
apart” by two IMV6 Shepard’s Distortion “control peints” that, after being placed,

are moved apart from one another by a specified amount (i.e., 10 pixels):

convert koala.gif -virtual-pixel Black \
-distort Shepards '36,11 20,11 48,29 58,29' \
koala_ear_pull.png

< o
- G =
‘.?E@.:g - %ﬁi&{l
;-IET{::‘:E'
s,

-,

IMU-Distorting, 59; Greenspun, Y9161, 188. Indeed, as shown, only the control

i

Fi

points move the specified 10-pixel amount in IMV6; all other surrounding pixels are
“stretched” or “compressed” based on distance to the control points. IMU-
Distorting, 59.

25. IMU also provides a reverse example, which instead “push[es]” the

control points “toward each other” by the same 10-pixel amount:

convert koala.gif -virtual-pixel Black \
-distort Shepards '30,11 40,11 48,29 38,29' \
koala_ear_push.png

il ;\h\' i -"::"‘

i -ﬁéiﬁ
%QE | * g

IMU-Distorting, 61-62. Again, only the control points move the specified 10-pixel
amount, while surrounding pixels this time stretch and compress based on distance

from the control points, creating here an overall “swirl” effect. IMU-Distorting, 61.

-21 -
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26. And although IMV6’s Shepard’s Distortion as shown causes only
control points to translate while instead causing surrounding pixels to “swirl and
stretch and compress” (IMU-Distorting, 59-60, 62), such Shepard’s distortion
nonetheless meets the claimed “shifting,” not just of one pixel but, again, per the
specification and as explained in my previous declaration, a “set of pixels.” ’641
Patent, 9:23-36; Greenspun, 196.

27. Additionally, to the extent the POR is arguing—based on the
specification’s disclosure of “us[ing] alpha blending when shifting the pixels” and
“[a]dditionally, in at least one embodiment, the software architecture uses a warping
function, such as Shepard’s distortion”—that only “alpha blending” shifts pixels
and not Shepard’s distortion (see POR, 28 (quoting *641 Patent, 9:23-29)), such an
argument is inconsistent with how a POSITA would have understood the ’641
Patent’s disclosure. As a POSITA would have understood, “alpha blending” does
not shift pixels. Rather, it is merely a technique to “blend[]” pixels from two
different source images using transparency or “alpha,” hence the name ‘“alpha

blending.” Efros3,> 6-7 (teaching “[a]lpha [b]lending” a first image “Ir,” and second

5> Efros3 as well as Efrosl and Efros2 consist of lecture slides presented in
2007 for Carnegie Mellon University Computer Science Department’s “15-463 (15-

862): Computational Photography” course, as indicated by the course’s website

-22 -
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image “ly,” by setting the alpha values of Iy, and I, to “a” and “(1-a),” respectively,
and then adding both images together to form an output image “lcomp”); Atkins,
[0042] (same).

28. In other words, alpha does not specify how a pixel should shift; in fact,

it does not specify position data for a pixel at all. Rather, like I explained in my

(EX1047, 2), which provides individual links to Efros3, Efrosl, and Efros2
(EX1047, 5-6 (“Tu Sept 18 Image Blending and Compositing Slides (ppt, pdf)[;]...
Th Sept 20 Image Warping Slides (ppt, pdf)[;] Tu Sept 25 Image Morphing Slides
(ppt, pdf)[,]” respectively)). The course’s website was accessible by the interested
public before the ECPD, as shown by its Wayback Machine URL (see my List of
References Considered above) indicating an archive date of September 6, 2015. And
thus, so too were the linked lecture slides of Efros3, Efrosl, and Efros2; indeed,
these lecture slides were also Wayback-Machine archived in 2015 between
September 9th and 10th as indicated by their respective Wayback Machine URLs.
These lecture slides’ pre-ECPD public availability is also confirmed by subsequent,
pre-ECPD-dated citing references. E.g., Dong, code (56). I downloaded Efrosl,
Efros2, and Efros3 from their respective Wayback Machine URLs and provided
counsel with copies that I understand are used as the “Efrosl,” “Efros2,” and
“Efros3” exhibits in this proceeding.
-23 -
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previous declaration, alpha simply specifies how transparent the pixel should be, in
the same way as how RGB values define what color the pixel should be. Greenspun,
9962 (discussing the “alpha channel” of a layer in AECS6 and how to modify it
(citing AEM, 315, 318°)), 119 (same); Efros3, 6 (teaching that the four “channels”
for an image and its pixels are “R,G,B,alpha”). And thus alpha blending similarly
does not specify position data for two source images’ pixels nor how such pixels
should shift.

29.  Shepard’s distortion, by contrast, explicitly defines how pixels should
shift. As I already explained above, Shepard’s distortion specifies for certain pixels
to move according to vectors and for the image’s other pixels to move according to
interpolation based on such vectors. See Shepard, 1-2. Or, more informally,
Shepard’s distortion comprises driving and moving “pins” into “a thick block of
‘taffy’ representing [a] source image[].” IMU-Distorting, 59. Such directs how
pixels should move and thus, unlike alpha blending, would have been understood by

a POSITA as a pixel shifting technique.

® While AEM’s page 315 discusses “[cJompositing,” it also discusses the
separate concept of “framsparency.” Additionally, AEM’s page 318 does not
discuss compositing but instead only “[a]lpha channels, masks, and mattes.”
_24 -
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30. Indeed, the POR itself not only explicitly acknowledges that Shepard’s
distortion is a “pixel-based shifting mechanism,” but distinguishes such pixel
shifting from the alleged “video patch[ing]” animation technique taught in Okabe.
POR, 30; see also infra at Section [IV.C. And as a POSITA would have understood,
alpha blending is simply disclosed as being a technique that may be performed on
top of any already-occurring pixel shifting, whether from Shepard’s distortion or
any other warping functions. FE.g., 641 Patent, 9:23-25 (“In at least one
embodiment, the software architecture 200 uses alpha blending when shifting the
pixels from the starting point to the ending point.”). In fact, such is what is shown
in every exemplary embodiment described in the specification, each of which use
alpha blending simply to make already-occurring pixel shifting less “abrupt or
jarring.” E.g., ’641 Patent, 8:66-9-6 (“Additionally, in at least one additional or
alternative embodiment, the pixels 500, 510, 520 fade in and out at the beginning
and ending of each loop[,]” “such that the disappearance of pixel[s]” as well as
“appearance is not abrupt or jarring.”), 9:32-36 (discussing “animation blending” by
“blending animated frames two by two”); see also ’641 Patent, 9:14-16
(distinguishing “different methods of pixel shifting and blending). Thus, the 641
Patent does not disclose, nor does the POR explain, how “alpha blending” shifts
pixels, and a POSITA would not have understood the specification as stating that

only alpha blending shifts pixels, not Shepard’s distortion.

-25 -
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B. The Specification Discloses that the Triangular Mesh Algorithm of
AECSG6’s Puppet Effect “shift[s]” a “set of pixels.”

31. The specification makes clear that, in addition to Shepard’s distortion,
“using a mesh algorithm”—particularly one that “triangulates the mesh using
defined points and then calculates an affine transformation for every angle”—is also
“shifting” a “set of pixels” as claimed. ’641 Patent, 9:23-36; Greenspun, §122.

32.  Such “triangulat[ion]’-and-“‘affine[-]transformation”-based = mesh
algorithms were well-known by the ECPD. E.g., Wampler, §9[0002]-[0003]
(discussing how “[e]xisting software applications allow[ed] users to animate
electronic characters and other artwork™ “using a mesh of triangles”); Igarashi
(describing one such mesh algorithm). Indeed, the specification appears to
acknowledge that a POSITA already knew how the disclosed mesh triangulation and
affine transforms work because the specification never provides such details.
Nevertheless, as a POSITA would have understood, such mesh algorithms operate
by not only translating pixels but also stretching, compressing, and reorienting pixels
at the same time, particularly when calculating the disclosed “affine
transformation[s].”

1. Affine Transformations

33. In affine transformations, an input image’s pixels are “map[ped]” to

new positions in an output image by applying a “linear” function to each pixel that

29 ¢¢

combines “rotation, shear, scale, and translation,” “perform[ing] all four of the given
- 26 -
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distortions all at the same time.” IMU-Affine,” 11, 1 (noting also that such is how
affine transforms work “both in [IMV6] and all other Image Processors’); Efrosl,
24,16, 21; Wampler, §[0003]; Igarashi, 7. Thus, although the input image’s pixels
are “preserve[d]” in the output image, an affine transform nevertheless causes more
than only a “translation” of these pixels. See IMU-Affine, 12, 1.

34. Beginning with the affine transform’s “rotation” distortion, rotation, as
self-explanatory, causes the alignment of each pixel to reorient by a given angle.

IMU-Aftfine, 4. Efrosl provides an example in which an image of a house is rotated:

7 IMU-Affine is a Wayback Machine capture of a subpage of the
ImageMagick.com website’s “Examples of ImageMagick Usage (Version 6)”
section (see Greenspun, §50) and was accessible by the interested public before the
ECPD because it, like EX1042, was linked to in IMU-Distorting (see IMU-
Distorting, 1 (““‘Affine Matrix Transforms (separate sub-directory)”), 23 (“[S]ee the
Affine Matrix transforms sub-page.”)). IMU-Affine’s capture date by the Wayback
Machine on March 29, 2012, as indicated by its Wayback Machine URL of
https://web.archive.org/web/20120329131929/http://www.imagemagick.org/Usage
/distorts/, confirms IMU-Affine’s pre-ECPD public availability. 1 printed the
webpage at this URL and provided counsel with the printout that I understand is
used as the “IMU-Affine” exhibit in this proceeding.

-7 -
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rotation

Efrosl, 3-4. As shown, the image’s pixels have been reoriented clockwise with
respect to one another.

35.  The shear transformation slides pixels by an amount that is proportional
to distance from a line that will stay fixed. For example, if the bottom end of the
image stays fixed, pixels towards the top will experience the largest left or right
movement (depending on the direction of the shear). This results in a rectangular
image being turned into a (non-rectangular) parallelogram. See IMU-Affine, 4;

Efrosl, 13. Efrosl provides an example of shearing the same house image above:

-28 -
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affine

Efrosl, 3-4. As shown, the house image has been horizontally sheared—the pixels
in the upper half of the image have been shifted significantly rightward while the
pixels in the lower half have moved a smaller distance.

36. Finally, “scale,” as implied by its name, scales the input image’s
dimensions such that, when mapped to the output image, the pixels stretch and/or

compress, as illustrated in Efros1’s scaling example below:

=
X x 2, |5|
Y x 0.5

Efrosl, 7; IMU-Affine, 3. As can be seen, the depicted house’s width has been

scaled up by two (“X % 2”), whereas its height has been scaled down by half
-29.
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(“Y x 0.5”), causing the house’s pixels (most noticeably in the chimney) to be
stretched horizontally but compressed vertically.

37. Affine transformations combine “pure translation”—which “only
moves an image to another location without distortion”—with each of the three
above distortions—which, as explained, reorient, stretch, and compress pixels. See
IMU-Affine, 6, 1; IMU-Warping, 24, 16. The above thus illustrates that affine
transformations do more than simply and purely translate an image’s pixels; they
also at the same time reorient (via rotation and shear) and stretch and compress (via
scale) these same pixels.

2. Affine Transformations as Utilized in Triangular Mesh
Algorithms

38.  When used in typical triangular mesh algorithms, affine transforms
reorient, stretch, compress, and translate pixels as discussed above, but do so to
triangular subsets of pixels in an image on a subset-by-subset basis, rather than to all
of the image’s pixels at once. See, e.g., Igarashi, 7 (describing how, in a triangular
mesh algorithm, “a linear mapping from an original triangle [in a starting mesh] to
a deformed triangle [in an ending mesh] ignoring the translation factor can be
represented by a 2x2 affine transformation matrix... represented as a combination

of a rotation part R, a shearing part s;, and a scaling part s, 5,”). Specifically, in

such triangular mesh algorithms: (1) a suitable “mesh of vertices forming triangles”

is defined for an image (determined using, e.g., Delaunay triangulation); (2) user

- 30 -
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inputs are received that select and translate some of these vertices, known thereafter
as “handles”; (3) the unselected (and therefore non-handle) vertices are dragged
along with the handles but in varying amounts (e.g., according to “bounded
biharmonic weights”), thereby causing the mesh’s triangles to deform; and (4) an
affine transformation is calculated for each triangle separately, thereby mapping

each triangle’s pixels to their new locations accordingly. FE.g., Igarashi, 2-3, 7;

Wampler, §9[0037], [0002]-[0004]; Efros2,® 23-26, 29.

8 Efros2 describes how mesh algorithms are used in “morphing”—an
animated effect that smoothly converts one image into another. See Efros2, 26.

Efros2 provides an example where a Border Terrier is morphed into a Weimaraner:

Efros2, 26, 21. When morphing, the discussed steps (1)-(4) of mesh algorithms are

still performed, except that (1) a mesh is defined for both images, each mesh having

-31 -
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39. Igarashi provides an example of applying a mesh algorithm to an

elongate shape:

rest shape
VAVAVATSE!
o]
SO
stretched C’

Igarashi, 7. As shown in the shape’s “rest shape,” two mesh vertices have been

selected to be handles (grey dots), which are located on horizontally-opposing ends

an equal number of vertices placed on matching “key feature points” in each image
(e.g., mesh vertices are defined on the eye, nose, tail, and other key parts of each dog
above); (i1) one image’s vertices are moved to where the corresponding vertices are
located in the other (e.g., the Border Terrier’s nose and tail vertices are moved to
where the Weimaraner’s nose and tail are located, and vice versa); and (ii1) the
images are “cross-dissolve[d]”—i.e., one image’s alpha (nontransparency) is
decreased while the other’s 1s increased. Efros2, 24-26, 35-36, 21. Still, because a
mesh algorithm is used, an affine transform continues to be calculated for each
triangle in each mesh. Efros2, 26. Indeed, the Border Terrier’s neck stretches and
torso compresses when morphing into the Weimaraner, and vice versa, particularly
as a result of scaling.
-32-
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of the shape. And when “stretched,” the handles as shown have been translated to
move horizontally apart, causing each of the mesh’s triangles to also translate
horizontally but also increase in width (as particularly shown by the horizontal edge
of each of the large triangles growing in length), thereby causing each triangle’s
pixels to also translate horizontally but also stretch horizontally due to the
associated affine transformations (particularly, a horizontal scale up). The reverse—
“squashed”—is also depicted, which shows the same handles translated horizontally
but towards each other, causing the shape’s pixels to not only translate horizontally
as well but also compress horizontally (particularly, due to a horizontal scale down).

40. Igarashi also provides a further example of applying the same mesh
algorithm but to a teddy bear image—a “real 3D object[]”"—to better illustrate how

an image’s pixels are more than translated by the mesh algorithm:

See Igarashi, 6-7. As illustrated, although the mesh generated for the teddy bear is

not visible, the teddy bear’s pixels have nonetheless been translated, as well as

stretched and rotated, by the placement and movement of eight handles (grey dots)
~33 -
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and the calculation of associated underlying affine transformations in the mesh
algorithm. See Igarashi, 2.

3. Triangular Mesh Algorithms as Utilized in the 641 Patent

41. Asillustrated and discussed above, in triangular mesh algorithms, while
handles are translated, the other pixels of the mesh are translated as well but also
reoriented, stretched, and compressed in accordance with the handle movement.
See Wampler, §[0061] (“[T]he system recognizes the movement of one or more
handles as translations and then figures out the rest of the parameters of an affine
transformation for each of the handles.”). Yet, per the 641 Patent’s specification,
using such mesh algorithms—i.e., the translation of handles and the corresponding
translation and reorienting, stretching, and compressing of the mesh’s pixels—
nevertheless constitutes “shift[ing]” a “set of pixels” as claimed. *641 Patent, 9:23-
36.

42.  Such is shown by comparing the prior discussion on triangular mesh
algorithms with the 641 Patent specification’s FIG. 4, the latter of which likewise
depicts an image’s pixels—including, as relevant here, sets of pixels associated with

various links—being more than translated by a triangular mesh algorithm:

-34 -
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Fig. 4

See ’641 Patent, FIG. 4, 7:11-21. “FIG. 4 depicts a starting mesh and ending mesh
overlaid on [a] video frame of [a] house and landscape” (641 Patent, 7:11-21), as
well as “various links connecting beginning points and ending points” defined by
the user (compare *641 Patent, 12:62-13:40, FIGS. 3C, 7, with 641 Patent, FIG. 4).

43. Below, one such link has been annotated in red alongside a green-

annotated edge that forms part of one of the two depicted meshes:

-35 -
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N
NN
, DR

=

Fig. 4

’641 Patent, FIG. 4 (annotations added). As shown, the link’s user-defined starting
point is the lower vertex of the edge. The edge thus, by association, may be
presumed to be the edge of at least one triangle in the “starting mesh”—i.e., is a
starting edge (see *641 Patent, 7:11-21)—while the link’s starting point, being both
a vertex of the starting mesh and user-defined, is synonymous to a mesh algorithm
handle (see Igarashi, 2-3; Wampler, §9[0036]-[0037]).

44. Below, a blue annotation of an additional edge has been further added:

-36 -
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Fig. 4

’641 Patent, FIG. 4 (annotations added). As shown, the link’s ending point forms
the lower vertex of this additional edge, which, again by association, is thus an
ending edge within the “ending mesh.” See ’641 Patent, 7:11-21. Further, because
the starting edge and ending edge are both coupled to the link and share the same
upper vertex, the ending edge is thus the same edge of the same triangle as the
starting edge, but located where the starting edge ultimately shifts to with the starting
point (i.e., handle) along the link. See *641 Patent, 7:11-21; Igarashi, 2-3; Wampler,
19[0036]-[0037].

45. As illustrated, the ending edge is shorter and at a steeper angle than the
starting edge. As such, pixels along the starting edge and thereby, as a function of

the underlying affine transform, all pixels of the starting edge’s triangle (see IMU-

-37 -
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Affine, 11)—which necessarily include, as relevant here, pixels in the link’s
associated set of pixels (see 641 Patent, 13:28-38)—are compressed and reoriented
when shifted along the link to the ending edge’s location as a result of applying an
affine transform to the starting edge’s associated triangle. Compare *641 Patent,
FIG. 4, 9:29-32, with Igarashi, 2-3, 7, and Wampler, FIGS. 5-7, 44[0003]-[0004],
[0036]. As such, FIG. 4 illustrates that, even if pixels are compressed, reoriented,
or otherwise stretched when shifted by a mesh algorithm along a link, these pixels
are still “shifted” as claimed according to the specification and are thus not
necessarily excluded from claimed “set of pixels”—i.e., pure translation of the set
of pixels is unnecessary.

4.  AECSG6’s Puppet Effect Utilizes the Same Type of Triangular
Mesh Algorithm as the ’641 Patent.

46. Turning next to AECS6’s Puppet effect, AEM teaches, as I explained
in my previous declaration, that AECS6’s Puppet effect similarly uses a mesh
algorithm that “divides” a layer’s nontransparent pixels into a “mesh of triangles”
and causes “the pixels [to] move with the mesh” to “accommodate” a Deform pin’s
movement along a motion path. AEM, 218-221; Greenspun, 965, 115-16. I also
included in my previous declaration screenshots from AECS6—specifically of an
animation that I created therein using the Puppet effect on a smokestack frame

image—that served to aid in visualizing these teachings from AEM. Greenspun,

1994, 129, Attachment B.
- 38 -

Page 38 of 49



[PR2023-00568
U.S. Patent No. 11,182,641

47.  For the instant declaration, I have recreated the aforementioned Puppet
effect animation of the smokestack frame image using the same steps described in
my previous declaration (see Greenspun, {473-94), but using a higher computer
screen resolution to further aid in visualizing how pixels move as a result of the
Puppet effect’s mesh algorithm. I have also included cropped screenshots of this
recreated, higher resolution animation as it appears in AECS6’s Composition Panel,
but now at half-second time intervals across the animation to further aid in such

visualization:

Animation

Time Point Composition Frame

(0:00:00:00)

-39 .
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Animation
Time Point

Composition Frame

(0:00:00:12)

(0:00:01:00)
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Animation
Time Point

Composition Frame

(0:00:01:12)

(0:00:02:00)
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Animation
Time Point

Composition Frame

(0:00:02:12)

(0:00:02:23)
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48. As shown in the screenshots above, pink annotations have been added
showing where and how a set of six triangles—the pixels of which, as relevant here,
are lying along the motion path—moves across the animation with the Deform pin.
As can be seen, the outline of the triangles deforms as the Deform pin moves along
the motion path, with the triangles’ pixels deforming correspondingly—indeed, at
(0:00:00:00) the outline of the set of triangles resembles a hexagonal shape, but at
(0:00:02:23) the bottom of this hexagonal outline has inverted, indicating that the
set of pixels within the outline have been compressed together. And indeed, the
POR also appears to recognize that such similarly occurs in the animation provided
in my previous declaration and the corresponding screenshots therein. See POR, 28
(“AEM discloses creating a mesh by placing Deform pins wherein the mesh changes
shape in response to moving one or more of the Deform pins.”), 12-14 & n.1 (“Dr.
Greenspun’s shifting of the Deform pin [in AECS6] is indistinguishable from the
shifting of a single pixel.”).

49. Additionally, as an even further aid in visualizing AEM’s teachings, |
exported the above-depicted animated GIF from AECS6 in accordance with AEM’s
instructions for doing so (see AEM, 574) and uploaded the animated GIF to
archive.org for permanent hosting, which can be viewed at the following URL:

https://archive.org/details/smoke 202402.

_43 -
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50.  Yet, the stretching and compressing of these pixels by a mesh algorithm
in the animation depicted in the screenshots and GIF animation above—even if more
than a pure translation of a set of pixels—is no different than how sets of pixels move
in both the typical and the 641 Patent specification’s triangular mesh algorithms
discussed above, which, again, expressly meets the claimed “shifting” a “set of
pixels” according to the specification. See 641 Patent, 9:23-36, 7:22-36. As such,
by teaching how to use such a mesh algorithm to create the above animation (see
AEM, 218-221; Greenspun, 965, 115-16), AEM therefore teaches the claimed
“shifting” of a “set of pixels.”

C. Okabe’s Animation Technique was not Relied Upon for the
Claimed “shifting.”

51. The POR states that Okabe uses a “video patch[ing]” animation
technique that does not “shift” pixels. POR, 29-30; see also POR, 21 (discussing
Okabe individually, rather than the IMU-Okabe Combination, by asserting that
“Okabe’s strokes are merely optional suggestions about fluid motion...[,] not
pathways along which pixels are ever shifted...”). The POR also states that, because
Okabe already uses this “patch-based” technique, “[o]ne reading Okabe would not
look to a pixel-based shifting mechanism such as Shepard’s distortion.” POR, 29-
30.

52.  In my previous declaration, however, 1 did not rely on Okabe’s

animation technique for the claimed “shifting.” Instead, I relied solely on IMU’s
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teachings regarding IMV6’s “Shepard’s Distortion” for the claimed “shifting.” E.g.,
Greenspun, 4197 (“[T]he IMU-Okabe Combination... shift[s] the selected pixels in
the stroke’s direction using IMV6’s Shepard’s Distortion.”). Nor did I explain how
a POSITA would have modified Okabe after viewing IMU as the POR implied.
Instead, I attempted to explain the opposite, i.e., that a POSITA would have modified
IMU in view of Okabe. E.g., Greenspun, 178.

53. My discussions of Okabe with respect to the claimed “shifting” were
solely that, when conducting such Shepard’s-distortion-driven “shifting” in the
IMU-Okabe Combination—i.e., the movement of IMV6 Shepard’s Distortion
control points to specific positions over time (see Section [V.A)—the specifying of
positions of IMV6 Shepard’s Distortion control points would have been performed
visually “by drawing a corresponding ‘stroke’ from Okabe,” rather than manually
using the written commands from IMU. Greenspun, §197.

V. THE IMU-OKABE COMBINATION’S MATTE PERFORMS
“MASK[ING]” OF PIXELS.

54. In my previous declaration, I explained that, in the IMU-Okabe
Combination, a “matte” specifies—Ilike in Okabe—*"“a region of interest in the image
the user desires to animate.” Greenspun, 99217 (citing Okabe, 1), 181 (same);
Okabe, 1. I then explained that, by confining animation to a specified region
accordingly, this matte thus also specifies a reciprocal region—i.e., a “mask[ed]”

region as claimed—in which animation does not occur (and is thus prevented from
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occurring). Greenspun, 9217 (“Naturally, the matte also specifies a region that
includes pixels the user does not desire to animate.”). Indeed, if the opposite were
to occur—i.e., if animation were to continue occurring in areas outside the user-
specified “region of interest” despite the user’s directions otherwise—such would
defeat the entire purpose of allowing a user to specify a particular “region of interest”
for animation using a matte as taught in the first place.

VI. AECS6’S MASK/MATTE PERFORMS “MASKI[ING]” OF PIXELS
AND “SELECTING”/“IDENTIFYING” OF A “SET OF PIXELS.”

55.  In my previous declaration, I explained that AEM teaches applying
AECS6’s “mask”/“matte” to make certain pixels of a layer transparent (and thus
excluded from the Puppet effect’s mesh) but not others, which teaches not only the
claimed “mask[ing]” of the certain pixels but also, per the specification, the claimed
“selecting”/“identifying” of the other pixels. See Greenspun, qq142-44, 118-121.
And in doing so, I sufficiently explained how these other pixels would, in common
instances, meet the claimed “set of pixels.”

A. AEM Teaches Applying AECS6’s Mask/Matte, Which Performs
the Claimed “mask][ing].”

56. AsIexplained in my previous declaration, AEM teaches that AECS6’s

99 ¢¢

Puppet effect “outlin[es],” “mesh[es],” and “move[s]” the “nontransparent”’ pixels
of a layer, which is determined by the layer’s “alpha channel.” Greenspun, 965

(citing AEM, 219, 220-21). As I also explained, AEM teaches how to modify a
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layer’s alpha channel—i.e., make certain pixels transparent and others
nontransparent—by applying AECS6’s “mask”/“matte.” Greenspun, 962 (citing
AEM, 315, 318), 119 (same).

57. Thus, at least through syllogism (i.e., “if A, then B; and if B, then C;
then if A, then C”), since AEM teaches applying a mask/matte to modify (A) a
layer’s alpha channel (B) (“if A, then B”), while also teaching that the layer’s alpha
channel (B) determines which pixels of the layer form the Puppet effect’s mesh (C)
(“and if B, then C”’), AEM thus teaches applying a mask/matte to modify (A) which
pixels of the layer form the Puppet effect’s mesh (C) (“then if A, then C”). And, as
I explained in my previous declaration, when applying a mask/matte accordingly,
the certain pixels made transparent—and thus excluded from (and, therefore,
prevented from moving with) the mesh—are “mask[ed]” as claimed. Greenspun,
19142-44.

B. AEM’s Mask/Matte Disclosure Likewise Teaches the Claimed
“selecting”/“identifying” of a “set of pixels.”

58. In my previous declaration, I also explained that, when “mask[ing]”
certain pixels, the opposite act of not “mask[ing]” other pixels qualifies, per the
specification, as a way of instead “selecting”/“identifying” those other pixels as
claimed. ’641 Patent, 7:22-28 (“[A] first of pixels may comprise a group of pixels
that intersect with a link between a starting point and an ending point and that are

not covered by a mask.”), quoted in Greenspun, §118. And indeed, I explained in
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my previous declaration that, when applying AECS6’s mask/matte to make certain
pixels transparent, the other pixels that are oppositely made nontransparent—and
thus included in (and, therefore, moved with) the mesh—are
“select[ed]”/”identif[ied]” as claimed. Compare Section VI.A, and Greenspun,
M142-44, with Greenspun, {f118-21.

59. I further stated in my previous declaration that, when applying a
mask/matte as such to make only certain pixels transparent, the other pixels made
nontransparent would “in common instances” meet the claimed “set of pixels.”
Greenspun, §[121. And as factual support for this statement, I not only explained
how a POSITA would have animated an image of “smoke rising from [a]
smokestack” based on my own experiences in the art, but I also compared such to
Okabe, which expressly depicts animating a “waterfall” image in an equivalent way.
Greenspun, 121 & n.14 (comparing my animation of a smokestack image to Okabe,
7, 2). As I explained, both instances show applying a mask/matte that excludes
certain non-smoke/non-waterfall pixels from animation, but ensures that the
animation still includes—all the while drawing motion paths/strokes through—the
other smoke/waterfall pixels, exemplifying what a POSITA would have recognized
to be “common instances” where “select[ed]”/“identif[ied]” pixels meet the claimed

“set of pixels.” Greenspun, 4121 & n.14.
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VII. CONCLUSION

60. All statements made herein of my own knowledge are true, all
statements made herein on information and belief are believed to be true, and these
statements were made with the knowledge that willful false statements and the like

are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001.

Dated:  Mar. 19, 2024 77 &é’ oo o

Philip Greenspun, Ph.D.
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