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The Baker-Shiota Combination Renders Obvious
Claim 27 of the 990 Patent
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‘990 Patent: Challenged Indep. Claim 27

27. A method for displayving a digital panoramic image, the
method comprising:

obtaining a digital panoramic image by projecting a pan-
orama onto an image sensor using a panoramic objec-
tive lens, the panoramic objective lens having an image
point distribution function that is not linear relative to a
field angle of object points of the panorama, the distri-
bution function having a maximum divergence of at least
+/=10% compared to a linear distribution function, such
that the panoramic image obtained has at least one
substantially expanded zone and at least one substan-
tially compressed zone; and

displaying the obtained panoramic image by correcting the
non-linearity of the initial image, performed by retriev-

ing image points on the obtained image in a coordinate
system of center Q' using at least the non-linear distri-

bution function land a size I of the obtained image.

FISH.
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Therefore, the present invention is based on the premise
that a panoramic image has some zones that are not very

The Purported Invention of the '990 Patent

990 Patent’s

FIGS. 7A-7B: Petition, 8-11 40

Fig.7a

useful and that can tolerate a reasonable definition to the ¥y .
benefit of other zones of the image. ¢ Specrﬁcatlon
On the basis of this premise, the idea of the present
invention is (o produce panoramic photographs by means of
a panoramic objective lens that is not linear, which expands
certain zones of the image and compresses other zones of the
image. The technical effect obtained is that the expanded
zones of the image cover a number of pixels of the image
sensor that is higher than if they were not expanded, and thus
benefit from a better definition. By choosing an objective
lens that expands the most useful zones of an image (which
depend on the intended application), the definition is excel-
lent in these zones and the definition is mediocre in the zones
of lesser importance.
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990 Patent’s Specification

The Purported Invention of the '990 Patent

Second Embodiment of the Correction Method

The second embodiment of the correction method accord-
ing to the present invention is shown in FIG. 13.
Schematically, this method involves projecting the image
points of an image sector corresponding to a display window
DW onto the image disk ID1 of the initial image Imgl. This
method does not require calculating a corrected image disk,
contrary to the previous embodiment.

The image points of the display window DW are refer-
enced L(i,j) in the coordinate system of the display window,
expressed in line coordinates i and in column coordinates j.
The points E(i,)) are first projected onto a sphere portion HS
of center O and of axes OX, OY, OZ, to obtain image points
P(px, py, pz) belonging to the sphere portion. This sphere
portion covers a solid angle that corresponds to the aperture
of the objective lens used. The example considered until
now was of a panoramic objective lens having an aperture of
180° and the sphere portion TIS considered here is thercfore
a hemisphere. The image points P thus determined are then
projected onto the image disk Imgl by means of the non-
linear distribution function Fd according to the present
invention, which first requires calculating the field angle
of the points P in relation to the center O of the hemisphere.

As 1t will be clear to those skilled 1n the art, the correction
of the non-linearity of the image disk is implicit here since
the image points p(pu, pv) corresponding to the image points
E(i, j) of the display window DW are “retrieved” from the
image disk ID1, by means of the function Fd.

Algorithm 2

APPLE-1001, 12:59-14:35; Petition, 11-

FISH.

1/ For i=—Imax/2 to i=Imax/2 do [by increments of 1]

2/ For j=—Tmax/2 to {=ITmax/2 do [by increments of 1]
[calculation of the Cartesian coordinates Ex, Ey, Ez

of the point E of the display window in the system OXYZ]

3 Ey = j*cos(gD) - Zoom*sin(¢p0)

4f Ez = Zoom*cos(90) + 7sin(p0)

5/ auxl = Lz

6/ Ez = Ez"cos(00) — i*sin(00)

7 Ex = i*cos(A0) + aux1*sin(B0)

[caleulation of the coordinates of the point P corresponding to the point E]
8/ aux? = RV(Ex*Ex + Ey*Ey + Ez*Ez)

9 Px = Ex*aux2

10/ Py = Ey*aux2

11/ Pz = Ez*aux2

[caleulation of the coordinates of the point p correspending
to the point P, in the coordinate system

(O'UV), by means of the function Fd]

12/ X =Px/R

13/ Y =Py/R

14/ 1= vV{X*X = Y*Y)

15/ ¢ = arcsine(r)

16/ U=Xf

17/ V =¥

18/ pu o LFU*Fd(o)

19/ pv HLpFVerd(w)

20/ Screen Pixel[i,j] = Image Pixel[pu,pv]
21/ end for

22/ end for

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Patent Owner’s Self-Initiated Reexamination

F. Baker and Shiota
Baker teaches a camera with a lens for capturing a hemispheric scene, emphasizing the
periphery of the image. A person of ordinary skill in the art would recognize the need to correct '990 Patent’s
the image captured by Baker. Shiota, in the same field of endeavor, teaches a method of . .
: = . ' , — Reexamination
transforming a captured image into a planc image for display using the non-lincar distribution
function. Thus, one of ordinary skill in the art would have had reason to consult Shiota for a
method of de-warping the image captured by the panoramic lens of Baker for presentation to a

Uscr.

Claim 27 recites that the non-lincarity of the initial image is corrected by retrieving image
points on the obtained image in a coordinate system of center O' using at least the non-linear
distribution function and a size L of the obtained image. For example, the initial image may be
in the form of an image disk having a size L, which may be provided in the number of pixels.
Image points p (pu, pv) corresponding to image points E(i, j) of, for example, a display window,
can be obtained using cquations that multiply, among other things, the size of the image disk L

with the non-lincar distribution function at an angle J(e.g., pu= L*U*Fd(0) and pv =

L*V*Fd(0)). Claim 32 contains a similar recitation.

The references all fail to teach or suggest this feature of claims 27 or 32. As described
above with respect to claim 10, Nagaoka, Baker, and Fisher do not describe any specific method
APPLE-1011 (Reexam File for correcting the image. As for Shiota, the second projection points p; and q; are obtained using
Histo ry)’ 249-251 , 23 4; P etition, a coefficient ky, which is equal to the distribution function divided by a distance r from the origin

13-14. 21. 24-25. 47-49. 77-79 of the image disk to a point Q on the image disk. The coefficient k; is then multiplied by
) ’ ) 3
corresponding coordinates X5, Y, on a hemisphere. (Shiota at Fig. 1; paras. [0033]-[0041]). The

F I S size of the image disk is not utilized to correct the image.
I I )
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‘990 Patent: Challenged Indep. Claim 27

27. A method for displayving a digital panoramic image, the
method comprising:

obtaining a digital panoramic image by projecting a pan-
orama onto an image sensor using a panoramic objec-
tive lens, the panoramic objective lens having an image
point distribution function that is not linear relative to a
field angle of object points of the panorama, the distri-
bution function having a maximum divergence of at least
+/=10% compared to a linear distribution function, such
that the panoramic image obtained has at least one
substantially expanded zone and at least one substan-
tially compressed zone; and

displayving the obtained panoramic image by correcting the
non-linearity of the initial image, performed by retriev-

ing image points on the obtained image in a coordinate
system of center Q' using at least the non-linear distri-

bution function land a size L of the obtained image.

FISH.
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'990’s Description Relating to “correcting the

non-linearity of the initial image ... using at
least the non-linear distribution function and a

size L of the obtained image”

FISH.
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'990 Patent: Image Distribution Function of a Classic
Panoramic Objective Lens

990 Patent’s
Fde Specification

10 20 30 40 50 60 70 80 90

Fig. 4B

APPLE-1023 (2" Kessler Decl.), 9
77-80, 89-91; APPLE-1001, 2:30-
41, FIGS. 4A-4B

FISH.

FIG. 4B represents the shape of the distribution function
Fdc of a classical panoramic objective lens, which deter-
mines the relative distance dr of an image point in relation
to the center of the image disk according to the field angle
ax of the corresponding object point. The relative distance dr
1s between 0 and 1 and is equal to the distance of the image
point in relation to the center of the image divided by the
radius of the image disk. The ideal form of the function Fdc

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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‘990 Patent’s Non-Linear Distribution Function

990 Patent’s
Specification
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Fig. 7B

FIG. 4B represents the shape of the distribution function
Fdc of a classical panoramic objective lens, which deter-
mines the relative distance dr of an image point in relation
to the center of the image disk according to the field angle
APPLE-1023, 1 77-80, 89-91; APPLE-{ ax of the corresponding object point. The relative distance dr
1001, 2:30-41, FIGS. 7A-7B 1s between 0 and 1 and is equal to the distance of the image
point 1n relation to the center of the image divided by the
radius of the image disk. The ideal form of the function Fdc

FISH.
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'990’s Non-Linear Distribution Function Identifies Normalized

Image Heights/Distances at Different Field Angles

80. Thus, the above embodiments in the 990 Patent’s specification use an

2nd Declaration of Dr.

image distribution function, referred to as Fd, that uses a normalized image size of KeSSIer
1 and therefore, identifies relative or normalized distances of image points ranging
from O to 1. See EX-2001, 9936-37 (ImmerVision’s expert acknowledged that (1)
o-dr curve in the 990 patent represents the claimed non-linear distribution function
and (2) dr represents a “relative distance,” which is a “dimensionless” quantity that

has values ranging from 0 to 1); APPLE-1025, 16:16-19:13, 20:2-21:8.

89. The above can also be expressed simply in mathematical terms. An
image distribution function, when normalized to have a radius/size of 1, represents
a relationship between a relative image height (ranging from O to 1) and field angles
(ranging from O to 90 degrees). See also EX-1025, 20:2-21:8, 16:16-17:4 (testitying
that “relative distance is like a percentage” and represents a “normalized distance
value”). The relative image height or distance of a particular point represents a radial
distance or height of a particular point in the image plane divided by the radius of
thc image. Such a normalized distribution function thercfore identifics a relative

APPLE'1 023, THT80, 89 radial distance of a point in the image plane at a particular field angle (a):

. .. (radial distance)
(relative radial image) = = Fd( )
(image radius)

See APPLE-1025, 14:14-17:16.

FISH.
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2nd Declaration of Dr. Kessler

89. The above can also be expressed simply in mathematical terms. An
image distribution function, when normalized to have a radius/size of 1, represents
a relationship between a relative image height (ranging from O to 1) and field angles
(ranging from O to 90 degrees). See also EX-1025,20:2-21:8, 16:16-17:4 (testifying
that “relative distance is like a percentage” and represents a “normalized distance
value”). The relative image height or distance of a particular point represents a radial
distance or height of a particular point in the image plane divided by the radius of
the image. Such a normalized distribution function therefore identifies a relative

radial distance of a point in the image plane at a particular field angle (a):

K o (radial distance)
(relative radial image) = = Fd(x)

(image radius)

See APPLE-1025, 14:14-17:16.

~

APPLE-1023, 980, 89.

FISH.

Normalized Image Heights/Distances at Different Field Angles

Dep. Testimony of PO’s Expert

16 Q. And justso I understand the
17 relative distance concept, is it correct that it
18 is relative in that it represents a radial
19 distan‘ce of an image point at a particular field
20 angle that is relative to the maximum radius of
21 the image?
22 A. Yes, the relative distance is like a
1 percentage. When you are halfway out in the
2™image plane, to the maximum extent of the image,
3 you are at, for example, a relative distance
4 of0.5.
5 Q. Isee. Okay. And then the values
6 of this relative distance effectively range from
7 0 to 1; is that right.
8 A. Correct.
9 Q. So, in a way, the relative distance
10 is a normalized distance value. Is that fair?
11 A. That is correct, yes.

APPLE-1025, 16:16-17:11; APPLE-1023,
1980, 89.

13
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'990’s Image Transformation Algorithm Multiplies Image
Distribution Function by Image Size/Radius L

990 Patent

Algorithm 2

1/ For i=—Imax/2 to i=Imax/2 do [by increments of 1]

2/ For j=Tmax/2 to j=Imax/2 do [by increments of 1]
[caleulation of the Cartesian coordinates Ex, Ey, Ez

of the point E of the display window in the system OXYZ)]

3/ Ey = j*cos(¢p0) — Zoom™*sin(¢p0)

af Ez = Zoom*cos(¢0) + j*sin($0)

5/ aux1 = Ez

6/ Ez = Ez*cos(00) - i*sin(60)

v Ex = i*cos(00) + aux1*sin(00)

[caleulation of the coordinates of the point P corresponding to the point E]
8/ aux2 = R/V(Ex*Ex + Ey*Ey + Ez*Ez)

9/ Px = Ex*aux2

10/ Py = Ey*aux2

11/ Pz = Ez*aux2

[caleulation of the coordinates of the point p corresponding
to the point P, in the coordinate system

(O'UV), by means of the function Fd]

12/ X = Px/R

13/ Y = Py/R

14/ = VX + YY)

15/ o = arcsine(r)

16/ U=Xr

17 V=Y

18/ pu = L*U*Fd{o)

19/ pv = L*V*Fd(c)

20/ Screen_ Pixel[i,j] = [mage  Pixel[pu,pv]
21/  end for

22/ end for

APPLE-1025, 37:18-38:6, 16:5-15; APPLE-
1001, 14:10-35; APPLE-1023, 1[1|84-85

FISH.

Dep. Testimony of PO’s Expert

MAvsmIUw S L U] viiw awaau.

22 Q. What is the extent of the image
1 produced by the lens?
2 A. The quantity L.
3 Q. And when you say the extent of the
4 image produced by the lens, is that the extent
5 from the optical axis?
6 A. Yes.
5 Q. What do you mean by the maximum
6 radius of the image?
7 A. So, the lens produces an image, and
8 1tis typically a round image with an extent away
9 from the optical axis.
10 The extent from the optical axis --
11 the maximum extent away from the optical access
12 that the image occupies is that radius.
13 Q. So, it is effectively the radius of
14 the circular image; is that right?
15 A. Correct.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Size L is Used For Scaling in the '990 Patent

Dep. Testimony of PO’s Expert

O J o O W N

= = =
59 G S ey

13

Q. Sure. Because the FD alpha function
is provided in relative terms, one would need to
scale that using the image size to obtain the
actual image point, correct?

MR. MURRAY: Same objection.
THE WITNESS: The actual image
point, that is corrected.
BY MR. JHURANI:

Q. Isee, yes. So, because the FD
alpha is provided in relative terms, one would
need to scale it using the image size to obtain
the corrected image point, right?

A. Corrected, yes.

FISH.

APPLE-1025, 39:1-7, 37:18-38:11; APPLE-
1023, 956, 59, 83-85.

7

8

9
10
11
12
13
14
15
16
17
18
19

N NN
= O

N U W N R N

So how is that being performed in
the context of Lines 18 and 19 of the algorithm?
A. Right. So, the quantity, U FD of
alpha in Line 18, that is still unscaled - I'm
sorry. That 1s still scaled by FD of A, of
alpha. So, FD of alpha still goes from O to 1.
So, multiplying by L removes that
scaling and gives it a dimension.
Q. And so that uses the actual image
height then as part of that scaling?
A. The size of the image disk, yes.
Q. Sois the actual size of the image
height not used for the scaling?
A. TItis the extent of the image
produced by the lens.
Q. What is the extent of the image

produced by the lens?

A. The quantity L.

Q. And when you say the extent of the
image produced by the lens, is that the extent
from the optical axis?

A. Yes.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Baker-Shiota Renders Obvious “correcting the

non-linearity of the initial image ... using ... a
size L of the obtained image” similar to the 990
Patent’s Description of This Feature

FISH.
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Shiota

[0036] Since the height (h) from the origin on the
fisheye image face (origin of the p, g coordinate system)
to the point w is expressed as a function of 6 according
to the fisheye image projecting method, the following
equation (3) is satisfied.

h=F(0,) @
[0037] Some examples of specific functions of F(64)
according to the projecting method will be shown. When
it is assumed that the focal distance of the fisheye lens
is f, the following relations are established.

equidistant projection:h =f + 0

stereoscopic projection: h = 2f « tan(6/2)

’990 Reexamination

Baker-Shiota Leverages Shiota’s Image Transformation Teachings that
Use a Non-Linear Image Distribution Function

1st Declaration of Dr. Kessler

F. Baker and Shiota

Baker teaches a camera with a lens for capturing a hemispheric scene, emphasizing the
periphery of the image. A person of ordinary skill in the art would recognize the need to correct
the image captured by Baker. Shiota, in the same field of endeavor, teaches a method of
transforming a captured image into a planc image for display using the non-lincar distribution
function. Thus, one of ordinary skill in the art would have had reason to consult Shiota for a

method of de-warping the image captured by the panoramic lens of Baker for presentation to a

USCT.

201. For reasons described in §§VIILB and X.A and in [27¢] (incorporated
here by reference), a POSITA would have found it obvious to implement Shiota’s
image transformation techniques in combination with Baker, to transform and
display a non-linear panoramic image captured with Baker’s objective lens in a
“proper aspect ratio” to provide a “perspective corrected view,” as contemplated by
Baker. APPLE-1006, 14:18-26.

202. Specifically, the Baker-Shiota combination would have relied upon
Shiota’s teachings that describe image correction by applying a correction
coefficient (ko)—which is determined based on a non-linear image distribution
function—to the captured image to obtain transformed image points that compensate
for the distortion in the captured image. APPLE-1012, [0022]-[0024]. Specifically,
the equation for determining the correction coefficient is ko= //r, where h represents
the lens image distribution function and 7 is the distance from the origin of an X, Y,
Z coordinate system to the projected point on the image plane. APPLE-1012,
[0037]-[0042].

203. Again, Patent Owner has acknowledged that these disclosures in Shiota
teach correcting the non-linearity of the initial image using a non-linear distribution

function. APPLE-1011, 234, 117.

F I S H . APPLE-1012, [0032]-[0042]; APPLE-1003, §9191-204; APPLE-1023, 981-91; APPLE-1011, 234, 117

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Shiota Describes Normalizing Image Size/Radius to 1

Shiota

1st Declaration of Dr. Kessler

[0023] A plane image (fisheye image) obtained
through the fisheye lens is expressed by a (p, q) coordi-
nate system as shown in Fig. 1. It is assumed that the
(p, q) coordinate system is parallel to the (X, Y) plane
and has the origin on the Z axis. In a position on an
image pickup face (for example, position of a pixel on a
CCD image pickup device), the image circle diameter
differs according to the size of the image pickup device
and the focal distance of the fisheye lens. Consequently,
it is assumed that a fisheye image is projected in a circle
of radius 1 of an image of an object positioning at 20
degrees (Z = 0) from the front of the lens. At the time of
actually use, magnification adjustment is performed.

APPLE-1012, [0023]; APPLE-1003, §4205-
206; APPLE-1023, 155-56, 61-63, 81

205. The combination would have also rely upon Shiota’s teaching of using
the actual size of the image in performing the above-described image transformation.
For its described image transformation operations, Shiota assumes a normalized
radius of 1 of the image circle at a field angle of 90° (from the front of the lens).
APPLE-1012, [0023]. However, Shiota acknowledges that the image circle
diameter (i.e., the size of the image) “differs according to at least the size of the
image pickup device” and that “at the time of actual[] use, magnification adjustment
is performed.” Id. A POSITA would have thus understood that this reference to
“magnification adjustment” refers to an adjustment that accounts for the actual size
of the image pickup device—and by extension, the actual size of the image—as part

of the image transformation. See also APPLE-1012, [0025]-[0026] (explaining that

2nd Declaration of Dr. Kessler

55.  Shiota further states that the image size or radius, which is image height,
h, at a field angle of 90 degrees, is normalized to 1. APPLE-1012, [0023]; APPLE-
1003, 99205-206. Specifically, Shiota states that “it is assumed that a fisheye image
is projected in a circle of radius 1 of an image of an object position[ed] at 90 degrees
(Z=0) from the front of the lens.” APPLE-1012, [0023]. Thus, the height of the

image (h = f(0) or h = 2f * tan(8/2), where 6 = 90 degrees) is 1 when the radius is

FISH.
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Fisher (APPLE-1009)

The Experts Agree that Using a Normalizing Image Size of 1

IS “Commonlx Done” in “OEtics and Lens Design”

NON-LINEAR LENS
‘:22 0.8/ ] /,/ S~ FISHEYE LENS
I v A H=KO
&% o8 A M,
N / e
JI 04—A - VA
<O P L7
0/ LA LA
T 02 ~— CONVENTIONAL
g P CAMERA LENS
010 20 30 40 50 60 70 80 90 Hektn©
FIe. 3 Dep. Testimony of PO’s Expert
9 Q. Why is this relationshi{p between
10 field angle and image height shown with respect
11 to the relative height or distance and not the
12 actual radial distance of the image points?
APPLE-1009, FIGS. 3-4; APPLE-1023, 13 A. So, when 1t 1s normalized from 0
157; APPLE-1025, 21:9-22:8 : :
14 to 1, it makes the math more generic, more
15 applicable to a wider range of lens
16 configurations. And this is commonly done
17 throughout the field of optics and lens design.
F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 19
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Patent Owner’s Expert Explained Why Image Size is
Commonly Normalized to 1 in the Field of Optics

Dep. Testimony of PO’s Expert

9 Q. Why is this relationship between 1 the different aberrations, spherical, conal, what
10 field angle and image height shown with respect 2 not, they come into play at different ranges,
11 to the relative height or distance and not the 3 fromOtol.
12 actual radial distance of the image points? 4 And when we always have to deal from
13 A.  So, when it is normalized from 0 5 arange of O to 1, it is just really easier to
14 to 1, it makes the math more generic, more 6 communicate, you know, higher field angles, or,
15 applicable to a wider range of lens 7 excuse me, higher image heights on that scale of
16 configurations. And this is commonly done 8 0Oto I. It is just the way it works out.
17 throughout the field of optics and lens design. _
18 Q. Why do you say that it makes the ‘ Q. Andso, the benefit, if I am
19 [ —— 5 understanding correctly, of using these relative
50 A. Because it makes it independent of 6 or normalized distance values is that it allows
21 the actual image size. It is just standardized 7 generalizing across different types of lens
22 to 1. And when we design a lens, for example, 8 configurations.
9 Is that correct?
10 A. That's correct.

APPLE-1025, 21:9-22:8, 24:4-24:10; APPLE-1023, {[157-59.

FISH.
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Shiota’s Description Generalizes the Algorithm For Different

Image Sizes bx Using a Normalized Image Size of 1

Shiota

[0023] A plane image (fisheye image) obtained
through the fisheye lens is expressed by a (p, g) coordi-
nate system as shown in Fig. 1. }t is assumed that the
(p, q) coordinate system is parallel to the (X, Y) plane
and has the origin on the Z axis. In a position on an
image pickup face (for example, position of a pixel on a
CCD image pickup device), the image circle diameter
differs according to the size of the image pickup device
and the focal distance of the fisheye lens. Consequently,
it is assumed that a fisheye image is projected in a circle
of radius 1 of an image of an object positioning at 90
degrees (Z = 0) from the front of the lens. At the time of
actually use, magnification adjustment is performed.

APPLE-1003, 1[11205-206; APPLE-1023, {[{[55-59, 81-85; EX-2001, 51

FISH.
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Given Normalized Image Size of 1, Shiota’s Non-Linear
Distribution Function Generates Values on a Scale of O to 1

Shiota

Second Declaration of Dr. Kessler

[0036] Since the height (h) from the origin on the
fisheye image face (origin of the p, g coordinate system)
to the point w is expressed as a function of 64 according
to the fisheye image projecting method, the following
equation (3) is satistied.

h=F(o,) (3)
[0037] Some examples of specific functions of F(84)
according to the projecting method will be shown. When
it is assumed that the focal distance of the fisheye lens
is f, the following relations are established.

equidistant projection:h =f = 0

stereoscopic projection: h = 2f « tan(6/2)

55.  Shiota further states that the image size or radius, which is image height,
h, at a field angle of 90 degrees, is normalized to 1. APPLE-1012, [0023]; APPLE-
1003, 99205-206. Specifically, Shiota states that “it is assumed that a fisheye image
is projected in a circle of radius 1 of an image of an object position[ed] at 90 degrees
(Z=0) from the front of the lens.” APPLE-1012, [0023]. Thus, the height of the

image (h = f(8) or h = 2f * tan(6/2), where 6 = 90 degrees) is 1 when the radius is

APPLE-1023, 1 55-56; APPLE-1003,
q9191-206; APPLE-1012, [0036]-[0037]

FISH.

assumed/normalized to 1. See APPLE-1012, [0036]-[0037] (showing and
describing image distribution functions for computing image height of particular
coordinates at particular field angles).

56. Because Shiota’s image distribution function uses a normalized image
size/radius of 1, this function therefore identifies heights of image points normalized
on a scale ranging from 0 to 1. APPLE-1003, §9205-206; APPLE-1025, 15:5-17:8.
In other words, because image height or distance is computed using a function that
uses a normalized image size of 1, the image height/distance using Shiota’s image

distribution function would be provided in relative terms, on a scale ranging from 0

to 1. Note that image size is a well-recognized term in the fields of optics and optical

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Image Coordinates Computed in Shiota Are Provided in

Relative/Normalized Terms

Shiota

PO Sur-Reply

[0036] Since the height (h) from the origin on the
fisheye image face (origin of the p, q coordinate system)
to the point w is expressed as a function of 6, according
to the fisheye image projecting method, the following
equation (3) is satisfied.

h=F(e ) (3
[0037] Some examples of specific functions of F{64)
according to the projecting method will be shown. When
it is assumed that the focal distance of the fisheye lens
is f, the following relations are established.

equidistant projection:h =f - 8

stereoscopic projection: h = 2f - tan(6/2)

POR at 18-19. The algorithm concludes by obtaining “second projection
coordinates (p1. qu) on the image pickup face” using coefficient ks and coordinates
X2, Y2 from point P' on the hemisphere. Ex. ‘1012 at 9 [0033]-[0042]: Ex. 2001 at
944: POR at 10; Ex. 2006 at 64:2-5, 67:4-7. As Dr.| Kessler admits, k», Xz, and Y»
are all normalized (or dimensionless), meaning p; and qi. are normalized as well.

Ex. 2006 at 57:21-58:7, 69:5-6, 70:3-71:6; Ex. 2001 at 9 44. Shiota’s p; and q; do

[0041] That is, the coefficient ks of the equation (2)
can be derived as a function of Z,. With respect to the
coefficient ko, a lockup table for cbtaining the coefficient
ko from the value of Z; in accordance with the equation
(3) is generated. By using the value, second projection
coordinates (py. g¢) on the image pickup face are
obtained as follows.

disputed (Reply at 8-13). Dr. Kessler admits that the calculation in Shiota’s
algorithm to obtain the final pi1, qi coordinates relies entirely upon normalized (or
otherwise dimensionless) values — meaning pi, q; are themselves
normalized/dimensionless. Ex. 2006 at 57:21-58:7, 69:5-6, 70:3-71:6; see also Ex.
2001 at 9 44. It would be unusual for a POSA to understand Shiota to suggest
using image size for obtaining coordinates when the stated algorithm outputs
dimensionless coordinates and “magnification” is also typically considered

dimensionless. Ex. 2001 at § 52; POR at 15-16. This is why Mr. Munro

APPLE-1012, [0036]-[0041]; APPLE-1023, {[1160-63, 77-91; Sur-Reply, 6, 11.

FISH.
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When Using a Normalized Image Size, Scaling Would be

Done to Account for the Image Size in an Actual AEEIication

Smith (APPLE-1026)

Eilappﬁcatiun at

54 Scaling a Desian, Its

Dep. Testimony of PO’s Expert

Q. No worries. So, I believe you said
that the math is made more generic because it is
now independent of the actual image size and
standardized to 1.

10 A.  Uh-huh.
H ), 11 Q. And, you are saying -- I'm just
A lens prescription can be scaled L N y .yl g 1
multiplying all of its dimensiong 12 saying what is standardized to 1?

ear aberration measures will ¢ 13 A. The image height.

however, that percent disto . .

tion (CDM), the numerical 14 Q. Okay. Why does using the image
pressed as angular aberrations, 15 2 . e ) )
remain complefely UnLhor MU height of 1 make it independent of the actual

image size?
A. So, itis a relative height. So, it
is the location in the image -- the radial

19 distance in the image divided by the maximum
20 extent of the image. So, it is just scaled so it
21 ranges from O to 1.

22

Q. And so when you are considering an

APPLE-1026, 57; APPLE-1025, 23:14-
24:10; APPLE-1023, 157-59, 86-91.

1 actual application, then you would have to scale
2 wup to account for the actual image size?
3 A. Thatis true, yes.

FISH.
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Shiota’s “Magnification Adjustment” Accounts for the Image

Size in “Actual| | Use”

Shiota

1st Declaration of Dr. Kessler

[0023] A plane image (fisheye image) obtained
through the fisheye lens is expressed by a (p, q) coordi-
nate system as shown in Fig. 1. It is assumed that the
{p. q) coordinate system is parallel to the (X, Y) plane
and has the origin on the Z axis. In a positiocn on an
image pickup face (for example, position of a pixel on a
CCD image pickup device), the image circle diameter
differs according to the size of the image pickup device
and the focal distance of the fisheye lens. Consequently,
it is assumed that a fisheye image is projected in a circle
of radius 1 of an image of an object positioning at 90
degrees (Z = 0) from the front of the lens. At the time of
actually use, magnification adjustment is performed.

205. The combination would have also rely upon Shiota’s teaching of using
the actual size of the image in performing the above-described image transformation.
For its described image transformation operations, Shiota assumes a normalized
radius of 1 of the image circle at a field angle of 90° (from the front of the lens).
APPLE-1012, [0023]. However, Shiota acknowledges that the image circle
diameter (i.e., the size of the image) “differs according to at least the size of the
image pickup device” and that ““at the time of actual[] use. magnification adjustment
is performed.” Id. A POSITA would have thus understood that this reference to
“magnification adjustment” refers to an adjustment that accounts for the actual size

of the image pickup device—and by extension, the actual size of the image—as part

of the image transformation. See also APPLE-1012, [0025]-[0026] (explaining that

APPLE-1012, [0023]; APPLE-1003,
1205-2086, 77-91.

FISH.

necessary parameters for the image transformation operations include, e g . the
magnification of the image). [0024] (using “the scale factor (zoom ratio) as the size

of the plane image™ to perform the described image transformation).

206. Thus, a POSITA would have understood or found obvious that the
image transformation described in Shiota, when applied to an actual application
accounts for the size of the actual image for the underlying image transformation.
Moreover, given that the size of the image pickup device (and by extension the size
o[ the image) varies depending on the implementation, a POSITA would have found
it obvious to use the actual size of the image—as applicable in Baker’s system—as
part of the image transformation to generate a properly compensated/transformed

image for display.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Patent Owner Omits Key Disclosures in Shiota’s Paragraph 23

PO Expert Declaration (EX-2001)

Shiota

51.  Petitioner and Dr. Kessler do not point to any such disclosure in

Shiota because Shiota is silent on the use of image size. APPLE 1003, 9 199-212.

Instead, they rely on paragraph 23 in Shiota, which teaches “... a fisheye image is

projected in a circle of radius 1 of an image of an object positioning at 90 degrees

(Z=0) from the front of the lens. At the time of actual use, magnification

adjustment 1s performed”. In this text no mention is made of the size of the image,

APPLE-1012, [0023]; APPLE-1003, ]1205-206; EX-

2001, §51; APPLE-1023, ]950-53

[0023] A plane image (fisheye image) obtained
through the fisheye lens is expressed by a (p, g) coordi-
nate system as shown in Fig. 1. It is assumed that the
{p, q) coordinate system is parallel to the (X, Y) plane
and has the origin on the Z axis. In a positiocn on an
image pickup face (for example, position of a pixel on a
CCD image pickup device), the image circle diameter
differs according to the size of the image pickup device
and the focal distance of the fisheye lens. Consequently,
it is assumed that a fisheye image is projected in a circle
of radius 1 of an image of an object positioning at 90
degrees (£ = 0) from the front of the lens. At the time of
actually use, magnification adjustment is performed.

1st Declaration of Dr. Kessler

205. The combination would have also rely upon Shiota’s teaching of using
the actual size of the image in performing the above-described image transformation.
For its described image transformation operations, Shiota assumes a normalized
radius of 1 of the image circle at a field angle of 90° (from the front of the lens).
APPLE-1012, [0023]. However, Shiota acknowledges that the image circle
diameter (i.e., the size of the image) “differs according to at least the size of the
image pickup device” and that ““at the time of actual[] use, magnification adjustment
is performed.” Id. A POSITA would have thus understood that this reference to
“magnification adjustment” refers to an adjustment that accounts for the actual size
of the image pickup device—and by extension, the actual size of the image—as part

of the image transformation. See also APPLE-1012, [0025]-[0026] (explaining that

necessary parameters for the mmage transformation operations include, e.g.. the
magmification of the image). [0024] (using “the scale factor (zoom ratio) as the size

of the plane image™ to perform the described image transformation).

FISH.
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1st Declaration of Dr. Kessler

205. The combination would have also rely upon Shiota’s teaching of using
the actual size of the image in performing the above-described image transformation.
For its described image transformation opcerations, Shiota assumecs a normalized
radius of 1 of the image circle at a field angle of 90° (from the front of the lens).
APPLE-1012, [0023]. However, Shiota acknowledges that the image circle
diameter (i.e., the size of the image) “differs according to at least the size of the
image pickup device” and that “at the time of actual[] use, magnification adjustment
is performed.” Jd. A POSITA would have thus understood that this reference to
“magnification adjustment” refers to an adjustment that accounts for the actual size
of the image pickup device—and by extension, the actual size of the image—as part

of the image transformation. See also APPLE-1012, [0025]-[0026] (explaining that

necessary parameters for the image transformation operations include, e.g . the
magnification of the image). [0024] (using “the scale factor {zoom ratio) as the size

of the plane image™ to perform the described image transformation).

206. Thus, a POSITA would have understood or found obvious that the
image transformation described in Shiota, when applied to an actual application
accounts for the size of the actual image for the underlying image transformation.
Moreover, given that the size of the image pi