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CLAIM LISTING

Limitation

37|pre] | A method of acquiring a position on a mobile wireless communication
device for a wireless communications network, said mobile wireless
communication device possessing wireless communications capability
for said wireless communications network and an embedded GPS
module for GPS capability, said GPS referring to GPS-based
techniques, said method comprising:

37]a] | determining when said embedded GPS module should be powered on,
said embedded GPS module then being powered on,

37[b] | said when said embedded GPS module should be powered on being
dependent on at least one of a current radio position and a position error
of said mobile device determined from the wireless communications
network, said wireless communications network being different from
said GPS.

38 The method according to claim 37, wherein said powered on comprises
said module powering up from a low-power mode such as a
TricklePower power-down mode.

39 The method according to claim 37, wherein said determining when said
embedded GPS module should be powered on is also dependent on at
least one of; a last satellite position; a last position determined by the
GPS; and a last time determined by the GPS.

40[pre] | A mobile wireless communication device for a wireless
communications network, said mobile wireless communication device
possessing wireless communications capability for said wireless
communications network and an embedded GPS module for GPS
capability, said GPS referring to GPS-based techniques, said mobile
wireless communication device comprising:

40[a] | an embedded GPS module providing a GPS capability for said mobile
wireless communication device;

40[b] | and means for determining when said embedded GPS module should
be powered on, said embedded GPS module then being powered on,
40[c] | said determining when said embedded GPS module should be powered
on being dependent on at least one of a current radio position and a
position error of said mobile device determined from the wireless
communications network, said wireless communications network
being different from said GPS.

41 The mobile device according to claim 40, wherein said powered on
comprises said module powering up from a low-power mode such as a
TricklePower power-down mode.
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Limitation

42 The mobile device according to claim 40, wherein said determining
when said embedded GPS module should be powered on is also
dependent on at least one of; a last satellite position; a last position
determined by the GPS; and a last time determined by the GPS.
43[pre] | A computer program product for a mobile wireless communication
device for a wireless communication network, said mobile wireless
communication device possessing wireless communications capability
for said wireless communications network and an embedded GPS
module for GPS capability, said GPS referring to GPS-based
techniques, said computer program product embodied on computer
readable storage medium, said computer program product for acquiring
a GPS position on said mobile wireless communication device,
comprising:

43[a] | a first portion designed to interface with the GPS capability of said
mobile wireless communication device;

43[b] | and a second portion designed to determine when said embedded GPS
module should be powered on, said embedded GPS module then being
powered on,

43[c] | said determining when said embedded GPS module should be powered
on being dependent on at least one of a current radio position and a
position error of said mobile device determined from the wireless
communications network, said wireless communications network
being different from said GPS.

44 The computer program product according to claim 43, wherein said
powered on comprises said module powering up from a low-power
mode such as a TricklePower power-down mode.

45 The computer program product according to claim 43, wherein said
determining when said embedded GPS module should be powered on
is also dependent on at least one of; a last satellite position; a last
position determined by the GPS; and a last time determined by the GPS.
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I. INTRODUCTION!

€1. My name is Dr. Samuel (“Sam”) Pullen. I have been retained by Nariste
Networks Pty. Ltd. (“Patent Owner” or “Nariste) to provide my expert assessment
and technical opinions in connection with the above captioned inter partes review
(“IPR”) of U.S. Patent No. Patent RE48,206 (“’206 Patent” or “Patent-at-Issue”),
Ex. 1001.

92. Specifically, I have been asked to provide my opinions regarding specific
aspects of the how a person of ordinary skill in the art (“POSITA”) would understand
certain teachings and aspects of the references that Petitioners put forth vis-a-vis the
Patent-at-Issue.

€3. This declaration is based on information currently available to me. I reserve
the right to expand, modify, or supplement my opinions if I become aware of
evidence or information that was not available for review at the time I drafted this
declaration.

94. Nariste is paying me at a rate of $400 per hour plus expenses for my study and
testimony in this case. This compensation is not contingent upon my performance,

the outcome of this [PR, or any issues involved in or related to this IPR.

! All emphasis is added in this report unless otherwise noted.
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II. PROFESSIONAL BACKGROUND AND QUALIFICATIONS

5. My Curriculum Vitae (“CV”), detailing my background and
qualifications, is submitted herewith as Appendix 1. I am a part-time Senior
Research Engineer in the Department of Aeronautics and Astronautics at Stanford
University. I have worked with navigation system technology, such as GPS and
Global Navigation Satellite System (“GNSS”) navigation systems, inertial
navigation systems, communication systems, and test procedures to support such
systems for more than 25 years. My experience includes requirements and
specification development, system development, system implementation, and
verification testing. I am familiar with the subject matter of this case and consider
myself an expert in, among other things, the fundamentals of navigation systems,
GNSS (satellite) and related navigation systems, the fusion of GNSS with other
navigation technologies, communications between these systems and others (users
and control facilities), and the application of those technologies to aircraft, ships,
land vehicles, and autonomous systems.

96. I received two Bachelor of Science degrees from the Massachusetts
Institute of Technology in 1989, one in Aeronautics and Astronautics and the other
in History. I received a Master of Science degree in Aeronautics and Astronautics,
with an emphasis on guidance and control systems, from Stanford in 1990, and I

received my Ph.D. in Aeronautics and Astronautics from Stanford in 1996. My Ph.D.
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thesis is entitled “Probabilistic Engineering Design Optimization: Applications to
Spacecraft and Navigation Systems.”

q7. From 1996 through the present, I have worked as a consultant (mostly
self-employed and also for NavAstro of Los Gatos, California) on many projects
involving navigation systems, including the conceptual development of GNSS
systems and their applications to aviation, rail, automotive, maritime, and
autonomous users. I have also worked on the GPS III Modernization efforts for the
DOD GPS Joint Program Office. In addition, I have supported projects outside of
navigation and GNSS, including safety analysis, risk assessment and management,
and system optimization under risk and uncertainty.

98. In 1996, upon completing my Ph.D., I began working at the Hansen
Experimental Physics Laboratory at Stanford University. While at this Laboratory,
I developed, installed, and validated the first LAAS ground system prototype that
included all the real-time integrity verification algorithms needed to meet the LAAS
safety requirements. I also provided research support to several projects, including
the Wide Area Augmentation System, Satellite-based Augmentation Systems, and
JPALS integrity verification. I also provided technical support for algorithm design,
testing, and validation for Local Area Augmentation System (LAAS) and Ground-
based Augmentation System (GBAS), and for system architecture, algorithm design,

and requirements assessment of the U.S. Navy’s Joint Precision Approach and

Page 11 of 60 (IPR2023-01374)
Google LLC et al v. Nariste Networks Pty. Ltd



IPR2023-01374 Patent No. Patent RE48,206

Landing System (JPALS). I also taught a graduate-level course called “AA279 -
Space Mechanics,” and I was a guest lecturer for the “Global Positioning Systems”
course and other courses in the Aero/Astro department. In 2007, I moved to the
Aeronautics and Astronautics Department and continued my work, expanding it to
include the integrity of other GNSS constellations and applications such as Precise
Point Positioning (PPP) and the combination of GNSS with other sensors.

99. I have been recognized for my contributions to the technology and
development of navigation systems and have served on several professional
committees. For example, I received the Institute of Navigation Early Achievement
Award in 1999 and have been honored with the ION GPS/GNSS Conference “Best
Paper” Award four times—in 1999, 2000, 2001, and 2009. Also, I currently serve as
a reviewer for industry journals such as IEEE, AIAA, and ION, and I was the
Associate Editor for Navigation for [EEE Transactions on Aerospace and Electronic
Systems from 2007-2015. I have also chaired several conferences for ION, IEEE,
and others. I was elected as a Fellow of the ION in 2017.

910. In addition to my professional recognition, I am a co-inventor of U.S.
Patent No. 6,667,713, entitled “Self-monitoring satellite system.” As shown in my
CV (Exhibit 1), I have also authored or co-authored more than 200 book chapters,
reports, journal papers, industry magazine articles, and conference papers on various

topics related to navigation systems, including GBAS, GNSS, GPS, and have been
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an invited speaker at more than 30 navigation-related conference and seminars since
2003.

A. Prior Testimony

q11. As a technical consultant (see paragraph 3), I have testified as an expert at

trial and by deposition within the last 5 years, as detailed in Appendix 2.

III. RELEVANT TIME

€12. I have been asked to assume that the Patent-at-Issue has an effective priority
date of September 2, 2004 (“Effective Priority Date™).

€13. To the extent that I cite to exhibits created or published after the Effective
Priority Date, I consider the reference to still be relevant to what a POSITA would

have understood at or around the time of the invention.

IV. LEVEL OF ORDINARY SKILL IN THE ART

914. I understand that Petitioners have proposed that a person of ordinary skill in
the art (“POSITA”) for the 206 Patent “would have had a bachelor's degree in
electrical engineering, computer engineering, computer science, or a related field,
and at least two years of experience in the research, design, development, and/or
testing of GPS and/or cellular positioning devices and techniques, and related
firmware and software, or the equivalent, with additional education substituting for
experience and vice versa” Pet. 7 (citing Andrews Dec’l §433-69).

q15. I understand that Patent Owner generally concurs with Petitioner description.
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q16. It is my opinion that I would at least qualify as a person of ordinary skill in
the art at the relevant time, and that I exceed this level of knowledge, experience,
and education so that I am qualified to provide an expert opinion in this proceeding.
917. I have approached my analysis from the perspective of a POSITA as of the
Effective Priority Date. To the extent that I cite documents that were created or
published after the Effective Priority Date, I believe that their teachings are still

instructive.

V.  MATERIALS CONSIDERED

€18. In forming my opinions expressed herein, I have considered the items listed

in the “Current Exhibit” list beginning on page iii and the Petition.

VI. INTERPRETATION OF THE CLAIMS

A. Claims 37, 40, and 43: “at least one of a current radio position and a
position error of said mobile device”

919. I understand that Petitioner claims to apply both a “disjunctive” and
“conjunctive” construction of this term. Because Patent Owner has argued that this
term should be construed in a “disjunctive” manner and because I understand that a
“disjunctive” interpretation of this term is broader, I have only provided an analysis

with respect to the “disjunctive” interpretation.
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B. Claims 37, 40, and 43: “position error of said mobile device determined
from the wireless communications network”

€20. In analyzing the Petition and Dr. Scott Andrews’ Declaration (Ex. 1002), I
believe Petitioners arguments rely on a definition of “position error” which deviates
from how it would be conventionally understood by a POSITA. Position error is
typically expressed in units of distance in the coordinate frame that position is
determined (e.g., the World Geodetic Standard (WGS) 84). For example, a position
of a mobile device may be expressed with an error of 50 meters or 100 meters in one
or multiple axes.? In radionavigation, range measurements are made in units of time
and then converted to units of distance by multiplying by the speed of light in
vacuum (c). Position is computed from multiple range measurements and thus
remains in units of distance. Ex. 2003, Ex. 2007, pp. 12-49.

921. After reviewing the *206 Patent and its prosecution history, it is my opinion
that a POSITA reading the claims of the 206 Patent would understand that the ‘206

Patent uses the term “position error” in the conventional manner. First, the 206

2 Position errors, like many other measurements, can be “normalized” and
characterized as unitless numbers when the distance they represent has been
normalized by a relevant statistical parameter that also has units of distance, such as
the standard deviation of position error. In this case, the normalized position error
would be in units of [e.g.] meters / meters. In all cases, the fundamental unit of

position error is distance.
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Patent describes the manner of calculating position error that is consistent with
position error being expressed in units of distance. In describing a way that position
error can be calculated, the 206 Patent states: “the difference between a predicted
position and the actually position measured at time t can be used to formulate the
position error.” Ex. 1001 at 6:43-46. A POSITA would understand that “difference”
between two positions is expressed in units of distance.

€22. Additionally, I understand that during prosecution of the original patent of
which the *206 Patent is a reissue, U.S. Patent No. 8,022,870 (’870 Patent), the
applicant and inventor, Dr. Robert Malaney, characterized position error as having
units of distance. Ex. 2002 at pp. 303-304, November 7, 2010 Response and
Amendment. In particular, the applicant provides a “real-world example” of using
position error reported by a wireless network to control GPS power supply. /d. In
this example, the inventor characterizes position error as follows “[i]magine the
mobile application requires only a 100-meter location accuracy . . . If the reported
error was less than 100 meters, the GPS power would not be turned on.” /d.

§23. Because the inventor used “position error’” in a manner consistent with the
conventional definition of “position error” in both the specification of the 206
Patent and during prosecution of the 870 Patent, a POSITA would recognize that
“position error” as used in the claims of the 206 Patent would have its conventional

definition of having units of distance.
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€24. Additionally, claims 37, 40, and 43 recite that the “position error of said
mobile device” is “determined from the wireless communications network.” A
POSITA would understand that such determination refers to a calculation of position
error using the wireless communications network. One way that position error could
be “determined from the wireless communications network™ is demonstrated by
comparing a position measured from the wireless communication network with a
position predicted by a real-time error estimator, such as a neural network, as
described by the *206 Patent. See, e.g., Ex. 1001 at 6:34-65, 7:3-21.

925. Other methods of determining position error from a wireless communication
network are also known to POSITAs. One example is determining position from a
wireless communications network at a location with a known position, such as at a

survey marker, and comparing these two positions.

VII. ISSUES CONCERNING PETITIONERS USE OF U.S. PATENT NO.
5,982,324 (“WATTERS”)

A. Claims 37[b] 40[c], and 43[c]: Watters Does Not Disclose using a
“Position Error of Said Mobile Device” to Determine When to Power on
a GPS Module

926. The Petition argues that Watters discloses “determin[ing] when said
embedded GPS module should be powered on being depending on. . . a position
error of said mobile device determined from the wireless communications network”

by virtue of Watters’ Fig. 12 (Pet. at 28), which I have reproduced below:
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927. The Petition argues that “step 1230 determines whether that cellular position

signal has the requisite accuracy for continued use.” Pet. at 29. However, in my

opinion, a POSITA would not have interpreted Fig. 12 of Watters or its

corresponding description in the specification as disclosing the use of “position error

of said mobile device determined from the wireless communications network” to

“when said embedded GPS module should be powered on.” Fig. 12 of Watters is
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clear that it only turns on GPS if the necessary cellular signals to calculate a position
are not present. Watters discloses that “[a]t block 1230, a determination is made
whether the requisite number of signals in the cellular network infrastructure are
available for calculating position (e.g., three signals in the TDOA approach).”
Watters at 22:50-54. A POSITA would recognize that in circumstances where the
position cannot be calculated, position error also cannot be calculated. For example,
Watters would turn on the GPS when no cellular signals are present. A POSITA
would recognize that when no cellular signals are present, neither position nor
position error could be determined from the cellular network.

€28. The Petition’s reliance on Watters’ other discussion of “multi-path errors” and
that “less frequent updates needed if ... cellular network infrastructure signals are
known to be of good accuracy,” Pet. at 30-31, is likewise flawed. While Watters may
generally disclose that signals “known” to have high accuracy produce a need for
less frequent updates, Watters does not disclose making a determination of when to
power on an embedded GPS receiver depending on a position error of said mobile
device determined from the wireless communications network. Watters does not
disclose determining the position error of a mobile device from the wireless
communications network at all.

929. The Andrews Declaration discusses several sources of error in range

measurements that propagate into position solution errors. Ex. 1002, 960-63.
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Andrews describes these errors as “somewhat deterministic,” but this is incorrect.
Ex. 1002, 963. Instead, the presence of these errors is known, but the magnitude
(size) of these errors is not known because the knowledge needed to calculate them
is not present. Instead, these errors are modeled as random variables, and probability
distributions are assigned to them based on a priori knowledge (e.g., multipath errors
are likely to be larger in urban areas with many buildings compared to open fields
with few buildings). These distributions are themselves imperfect but at least provide
a means to estimate the likely variations in both the range and position domains. Ex.
2003, Ex. 2007, pp. 48-49, pp. 147-194.

930. Note that, if the errors referenced by Andrews were deterministic and were
known (or at least accurately estimated) in real time, these errors would be subtracted
out of range measurements or position solutions, making them significantly more
accurate (but still with some degree of random error). This is the principle behind
Differential GPS (DGPS), which uses range error estimates derived by GPS
“reference” receivers at known locations to compute corrections that are broadcast
to nearby users, who subtract these corrections from their own measurements and
thus remove most of the error (specifically, errors that are the same at both reference

and user receivers will be removed). Ex. 2007, pp. 185-194.
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B. Claims 37[b] 40[c], and 43[c]: Watters Does Not Disclose using “A
Current Position ... of Said Mobile Device Determined from the Wireless

Communications Network” to Determine When to Power On a GPS
Module

931. Watters teaches powering on its GPS receiver based on neither the current
position nor the position error of the mobile device. Fig. 12 of Watters shows that if
the position can be calculated from the cellular network, then the mobile device of
Watters will continue to calculate its position from the cellular network. Therefore,
the determination of when to power on Watters’ GPS receiver is not dependent on
the position at all, but instead whether there are not enough signals to calculate a
position at step 1230.

932. Watters also discloses alternatives to only turning the GPS on if there are

insufficient cellular signals at step 1230:

Alternative inquires at block 1230 include determining how long (in
time) it has been since the last GPS update and/or how far (in space)
the mobile terminal has moved since the last GPS update. If a
predetermined amount of time has passed, such as two minutes, or
the mobile terminal has moved a predetermined distance, such as 100

meters, then a GPS update would be called for and the process
proceeds to block 1240.

Watters at 22:57-64.

€33. The Petition argues that this disclosure “teaches dependency on ‘current radio
position” because “[a] POSITA would have understood that determining ‘how far’
a device has traveled requires knowing the starting position and the current position

at the time the determination is made.” Pet. at 29-30 (emphasis added). I disagree. A
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POSITA would recognize there are several ways to calculate distance traveled. For
example, distance traveled can be calculated by simply multiplying a mobile
device’s velocity by the amount of time it has been traveling at that velocity.

934. For example, a well-known kinematic equation taught in high school physics
gives the displacement s (distance traveled) in one dimension as a function of

velocity (v), acceleration (a), and time elapsed (7):

t + - t2
S=7v — a
2

Ex. 2008, pp. 13-14. Note that, using this equation the displacement s is not
dependent on the starting position x(z=0).

935. Methods for determining velocity were well known to a POSITA at the time
of Watters’ filing. One method was to use the Doppler shift of a radio signal. Ex.
2004, 2:16-48. When a radio receiver (for example a GPS, cellular , WiFi, or other
radio signal receiver) moves toward or away from the source of a signal, the
wavelength of that signal is decreased or increased in proportion to the relative
velocity of the receiver and the source of the signal. This is referred to as Doppler
shift and is well-known to POSITAs. Doppler shift can be measured with respect to
any radio signal; for example, with respect to a single cellular tower. By measuring
the Doppler shift of a received signal, a mobile device could calculate its velocity,
which can then be used to determine the distance it has moved during a selected time

interval.
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€36. Alternatively, data from accelerometers present in a mobile device could be
integrated (via calculus) over a selected time interval to determine how far the
mobile device has moved. (This is how the kinematic equation for displacement
shown in paragraph 34 was derived.) At the time Watters was filed, the concept of
incorporating accelerometers in mobile devices was well known to POSITAs. Ex.
2005 9:24-31; Ex. 2006 7:47-10:4 (discussing inclusion of an “inertia sensor”). As
Ex. 2006 notes, any information provided by an accelerometer (“inertia sensor” in
the parlance of Ex. 2006), is “relative” and “only measures a position change form
an initial position.” Id. 9:45-48. A POSITA would understand that a calculation of
the distance a mobile device has moved using information from accelerometers does
not use a position of that mobile device. It only uses the information gathered from
the accelerometer from the location and/or time where the mobile device begins to
move.

937. Because Watters describes using a time period since the last GPS
measurement or a distance traveled as alternatives, a POSITA would recognize that
using distance traveled instead of just a time period may provide the advantage of
compensating for a fast-moving object. In this case, using distance traveled for a
fast-moving mobile device could shorten the interval before GPS is turned on when
compared to a fixed time interval. However, using only distance traveled can lead to

disadvantages that a POSITA would recognize compared to using position of a
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mobile device determined from the wireless network. For example, a mobile device
that moves in a circle around a base station may move a sufficient distance to cause
the system of Watters to turn its GPS on but end up exactly in the same position as
it was in originally. Utilizing position to make the determination as claimed by the
’206 Patent may prove advantageous in such a situation by decreasing the number
of times the GPS module is activated, thereby conserving battery resources.
C. Claims 39/42/45: Watters Does Not Disclose “wherein said determining
when said embedded GPS module should be powered on is also

dependent on at least one of; a last satellite position; a last position
determined by the GPS; and a last time determined by the GPS.”

€38. In my opinion, Watters does not contain any disclosure of using a “last
satellite position” to determine when to power on its GPS module. The Petition states
that “the last position determined by the GPS is also dependent on the position of at
least four GPS satellites” and that therefore Watter’s decision to power on its GPS
receiver is “also based on ‘a last satellite position’ as well.” Petition at 36-37. I
disagree with this statement. The position of the GPS receiver (i.e., a mobile device)
is not dependent on the positions of any GPS satellites. In other words, a mobile
device’s position solution will not change just because the GPS satellites are moving.
939. GPS satellites are in constant motion orbiting the Earth with known orbits
whose orbital parameters (ephemerides) are communicated to GPS receivers in the
GPS navigation message, and each completes one orbit around the Earth

approximately every 12 hours.
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940. A POSITA would readily understand that a stationary mobile device with a
GPS receiver would report the same GPS position (because it has not moved) at any
time during the day, even though the GPS satellites have moved. More precisely,
GPS satellite motion changes the geometry matrix that expresses the three-
dimensional line of sight from a GPS receiver to each satellite. Because the
measured pseudoranges to these satellites also change accordingly, the position of a

stationary receiver will not change due to predictable satellite motion. Ex. 2007, pp.

129-133, 200-220.

VIII. ISSUES CONCERNING PETITIONERS’ USE OF U.S. PATENT PUB.
NO. 2002/0151314 (“NOHARA”)

A. Claims 37[b] 40[c], and 43|c]: Nohara Does Not Disclose Using a “Position
Error of Said Mobile Device” to Determine When to Power On a GPS
Module

9¥41. In my opinion, Nohara does not teach the claims because Nohara does not
teach using a “position error” to determine when to power on a GPS module as
recited by Claim elements 37[B], 40[C], or 43[C]. This is the case because the
“HDOP” of Nohara is not a “position error” in the way a POSITA would understand
the term.

942. [ understand that Nohara states that “[t]he value HDOP shall be regarded as
the positioning error quantified on the plane in the horizon system of coordinates.”

I also understand that Nohara was originally filed and published in Japan.
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€43. As stated in Nohara, HDOP stands for “Horizontal Dilution of Precision.” Ex.
1006, 9144. HDOP is one of several different Dilution of Precision measurements
that may be computed. Ex. 2003 at 22. Other DOP measurements include VDOP
(Vertical dilution of precision), PDOP (Position (3D) dilution of precision), TDOP
(Time dilution of precision), and GDOP (Geometric dilution of precision). /d; Ex.
2007, pp. 208-209. What all DOP measurements have in common is that they are a
not a measurement of the actual error in position of a mobile device but instead can
be used to relate errors in the range measurements (needed to determine a position)
to the error in the resulting position solution.

944. In Nohara, HDOP is calculated using entries in the “covariance matrix,”
which is a description of how range errors and user-to-transmitter geometry combine
within a system. HDOP is a thus a direct result of the geometry of the system in
which the measurements are taking place.

945. The standard definition of HDOP (and the other DOPs) is only based on the
transmitter-to user geometry. This geometry is represented by a “geometry matrix”
of dimensionless entries which are the direction cosines of the elements of the unit
vector between the estimated user location and each transmitter followed by a “1”
to represent the one-to-one relationship between transmitter clock error and range
measurement error. This matrix is called “G” in Ex. 2007 and “A4” in the Nohara

patent. Ex. 2007, pp. 202-204. Ex. 1006, §138.
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946. The “pseudoinverse” of the geometry matrix is given by (in the notation of
Ex. 2007, p. 207):
H=(G"G)'

and HDOP is then given by (Ex. 2007, p. 208-209):

HDOP =\/HZ, + HZ,
Where H,; and H>, represent the 1% and 2™ diagonal elements of H and correspond
to the position axes “1” and “2”. Note that, because the elements of G are unitless,
the elements of H are also unitless. Ex. 2007, pp. 208-209.
9[47. Nohara uses the same approach as shown above, where Nohara’s unitless
matrix “A4” is the equivalent of “G” of Ex. 2007. A POSITA would therefore
understand that the calculation (4™-4)! would result in a dimensionless matrix with
dimensionless entries. Equations 7 and 8 of Nohara (4-3X = 6R and dX = A™-0R,
respectively) also demonstrate to a POSITA that “A4” is dimensionless because 6.X
(the vector of unknown position errors in three dimensions and time) and oR (the
vector of unknown range measurement errors) both have units of length. Therefore,
“A” being dimensionless maintains the dimensions of each side of the equation. Ex.
1006, 9141.
€48. Nohara states that HDOP is derived from the entries of the matrix (47-4),

which Nohara refers to as the “covariance matrix.”
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Ex. 1006, 9142, equation (10).

HDOP in Nohara is then defined analogously to the HDOP shown above using the
first two diagonal elements of the (47-4)"! matrix as follows: HDOP = \/m
Ex. 1006, 144. The calculation of (47-4)"! would result in the individual entries o2,
and aﬁy being dimensionless, and therefore HDOP would also be dimensionless.

€49. However, while (47-4)' would normally be the same as (G' G)! in the
equation above, Nohara also inconsistently relates COV(6X) with (4T-4)! as shown

in Nohara’s equation (9) below:

COV(SX)=A1-COVSR)- (A Y
= (AT - Ay

Ex. 1006, 9141-142, equation (9); Ex. 2009, pp, 663-664.
Although the upper equation of equation (9) relates COV(JR) (having units of
distance squared) to COV(6X) (also having units of distance squared) through the

dimensionless matrix “4” —which is consistent with equations 7 and 8 discussed
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above—Nohara does not discuss the assumptions needed to draw the “near”
equivalency shown in the lower equation of equation (9). The lower equation of
equation (9) inconsistently suggests that COV(6X) (having units of distance squared)
is approximately equal to (47-4)!, which, as discussed above, Nohara defined as
unitless until the appearance of equation (9).

950. A POSITA would understand that the covariance matrices COV(6R) and
COV(0X) express the statistical variation of each element of the unknown vectors

OR (range errors from each transmitter) and oX (position error and time axes) and
have units of distance squared. Ex. 2007, pp. 207-211, equation (6.16); Ex. 2009,
pp. 322-333. Although inconsistent with the conventional, dimensionless definition
of HDOP, the elements of the pseudoinverse matrix (47-4)! defined in Nohara could
be interpreted as weighting factors having units of distance squared. Ex. 1006, §142.
€51. Nohara refers to the elements of (47-4)! as “... variances having the
properties of weighting factors which affect the positioning precision depending on
the communication environment between the base stations A, B, and C, and the
positioning apparatus 10.” Ex. 1006, §143. Interpreting the covariance entries 62,
and afy as having units of distance squared, Nohara’s equation (11) would result in
a “weighted” version of HDOP in units of distance. The key distinction between the
standard “unitless” HDOP and the weighted HDOP of Nohara is that the former is

solely a function of user-to-transmitter geometry, while the latter is a function of
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both user-to-transmitter geometry and the estimated covariances of range
measurement errors expressed by COV(oR). However, even if COV(OR) is
incorporated into HDOP to form a weighted HDOP, this weighted HDOP is still
fundamentally only a statistical characterization of unknown position error and
cannot be used to determine the actual position error because both HDOP and range
measurement error (COV(0R)) are merely statistical representations of position
error.

952. When HDOP is a unitless parameter, an estimate of the standard deviation of
horizontal position error is given by o HDOP, where g is a scalar parameter
expressing the standard deviation of each range measurement (which is assumed to
be the same for each measurement). Ex. 2003, pp. 18; Ex. 2007, pp. 208-209; Ex.
2009, pp. 328-332. When HDOP is a parameter with units of distance, the standard
deviation of horizontal position error is simply HDOP itself. Ex. 1006, §143-144.
€53. Whether HDOP is expressed as a unitless parameter or a parameter with units
of distance, HDOP by itself cannot provide a position error, and a POSITA would
have recognized that HDOP and position error, while related, are separate and that
HDOP only characterizes the two-dimensional position error but does not determine
it. Ex. 2007, pp. 208-209. Without additional information, the statistical distribution
of the actual (unknown) horizontal position error is itself not precisely known but

can be approximately modeled by a one-dimensional Gaussian (Normal) probability
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distribution with zero mean and the calculated standard deviation or by a two-

dimensional (elliptical) Gaussian distribution with standard deviations ay, and a,,,

for the two horizontal axes. Ex. 2007, pp. 214-216; Ex. 2009, pp. 328-332.
§54. Investigations continue to this day regarding the relationship between position
error and HDOP. Ex. 2003. For example, in Experimental Studies on The
Relationship Between HDOP and Position Error in the GPS System, the author
investigated the empirical relationship between position error and HDOP based on
collected GPS receiver data. Id. The title of this article alone makes it clear that a
POSITA would regard HDOP and position error as being different. The abstract of
this paper explains that “[t]he variability of the UERE causes the actual
measurements (despite an exact theoretical mathematical correlation between the
HDOP value and the position error) to indicate that position errors differ for the same
HDOP value.” Id., p. 17. UERE stands for “User Equivalent Range Error” and
expresses the error in range measurements — it is analogous to oR in Nohara, as
explained above. /d.

Although Ex. 2003 discusses the relationship between position error and
HDOP in the context of a GPS system, a POSITA would recognize that the same
analysis would apply in the context of position determination using stationary

transmitters, such as the base stations of Nohara. Mathematically, the calculation of
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HDOP is identical for the satellites of a GPS system and the base stations of Nohara.

Ex. 2003, p. 22. Recall that HDOP is defined in Nohara as:

HIOWIP? = o2 s {110
O =\ o3, + 0y

Ex. 1006 9144, and HDOP is defined in Ex. 2003 in the same manner as the

dimensionless version given above:

HDOP = \JAyy + Ayy, (14)

Ex. 2003, p. 22.

955. Ex. 2003 explains that position error is a function of both HDOP and UERE.
Id., p. 17. This was well known by a POSITA at the time of filing of the *206 Patent,
as it is described in multiple chapters of the best-known early reference to GPS
positioning. Ex, 2010, pp. 35-36, 470-483. UERE is a function of numerous errors
that arise from a variety of sources, including errors in the model of base station or
GPS satellite from which a signal is received as well as the environment around the
user equipment (i.e. the “mobile device). Ex. 2003 at 18-20.

956. Because position error is a function of both UERE and HDOP, and because
of the variability of UERE in real time, a POSITA would recognize that HDOP alone
1s not enough to determine position error. There are circumstances in which there is
a small HDOP (i.e. “good” geometrically arrangement of the GPS satellites or base

stations), which may appear to suggest a low position error, but in reality the actual
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position error is quite large, and vice versa. Ex. 2003, Fig. 2. Ex. 2003 shows that,
for a given HDOP, position error distributions can be calculated (/d.), but position
error itself can vary widely and stochastically at a certain HDOP. 1d., Fig. 5.

957. Fig. 5 of Ex. 2003 is shown below. The curves at the bottom represent the
observed probability density functions of 2-D position error for different values of
(unitless) HDOP between 0.6 and 1.0. Even if HDOP is known, the variation in
actual 2-D position error is large; thus, position error cannot be determined from
HDOP alone. Comparing the curves for HDOP = 0.6 and 1.0, for example, shows
that there is a significant probability that position error for HDOP = 0.6 exceeds that
for HDOP = 1.0. The 95™ percentile 2-D error (denoted as R95 in Ex. 2003) in this
set of collected data is shown to be 2.048 meters for HDOP = 0.6 and 2.889 for
HDOP = 1.0. Ex. 2003, Fig. 5, pp. 29-30. If all else were equal, one would expect
R95 for HDOP = 1.0 to exceed R95 for HDOP = 0.6 by the ratio of these two HDOP
values, i.e., 1.0 / 0.6 = 1.67. The actual ratio from the data in Fig. 5 is 2.889 / 2.048
= 1.41, indicating that HDOP alone is a very rough measure of the distribution of
position error. The difference between these ratios is even larger for HDOP = 0.6
and HDOP = 0.9 (0.9/0.6 = 1.5 between HDOPs; 2.493/2.048 = 1.22 between R95

values).
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Fig. 5. GPS position error PDFs, determined separately for HDOP values (in the range of 0.6-1.0),
together with R95 measures, calculated separately for measurements with a constant HDOP value.

€58. Accordingly, a POSITA would have recognized that, despite the fact that
Nohara refers to HDOP as a position error, the HDOP of Nohara and actual position
error as it is conventionally understood are different, although related, quantities.
Nohara’s HDOP characterizes the statistical likelihood that position errors may have
certain values, but HDOP is not a determination of what the position error is. A
POSITA would recognize that “determine when said embedded GPS module should
be powered on being depending on. . . a position error of said mobile device
determined from the wireless communications network™ as recited by the claims of
the *206 Patent is different from Nohara’s use of HDOP derived from base station

measurements. Because position error cannot be calculated from knowledge of
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HDOP alone, a POSITA would recognize that determining when power on a GPS
receiver based on one quantity or the other will have different outcomes and that one

cannot be substituted for the other.

IX. DECLARATION

€59. In signing this declaration, I recognize that the declaration will be filed as
evidence in a contested case before the Patent Trial and Appeal Board of the United
States Patent and Trademark Office. I also recognize that I may be subject to cross
examination on the subject matter of this declaration. If cross examination is
required of me, I will appear for cross examination within the United States during
the time allotted for cross examination.

960. I 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. Further,
these statements are made with the knowledge that willful false statements are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the

United States Code and may jeopardize the validity of the Patent-at-Issue.
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Executed on July 5%, 2024 at 11 AM CDT.

Dr. Samuel Pullen
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Office: Dept. of Aero/Astronautics Home: 3 Greenpark Way
Stanford University S. San Francisco, CA 94080 USA
Stanford, CA 94305-4035 USA
+1 (650) 208 — 0971 (mobile)

E-mail: spullen@stanford.edu URL: http://www.stanford.edu/~spullen

EDUCATION

Stanford University; Stanford, California
Ph.D., Aeronautics and Astronautics
Graduation Date: June 1996 GPA: 3.9/4.0
Thesis title: Probabilistic Engineering Design Optimization: Applications to Spacecraft and
Navigation Systems
M.S., Aeronautics and Astronautics (emphasis on guidance and control systems)
Graduation Date: June 1990 GPA: 3.8/4.0

Massachusetts Institute of Technology; Cambridge, Massachusetts
S.B., Aeronautics and Astronautics
S.B., History (emphasis on modern Europe, technology strategy and development)
Graduation Date: June 1989 GPA: 4.8/5.0

EXPERIENCE

Senior Research Engineer, May 1999 — present (part-time since August 2011)

(Research Associate from July 1996 — April 1999)
Hansen Laboratories and Dept. of Aeronautics and Astronautics; Stanford University;
Stanford, California

o Head of the Ground Based Augmentation System (GBAS)/Local Area Augmentation System
(LAAS) research project, overseeing 5 — 15 engineers and graduate students working on
algorithm research, safety assurance, prototype development, and test and validation.

e Developed, installed, and validated the first LAAS ground system prototype (the “Integrity
Monitor Testbed”) that included all elements and algorithms needed to protect user safety.

e Supported the FAA in developing specifications, algorithms, and test procedures for vendor
systems that evolved into the SLS-4000 and -5000 LAAS Ground Facilities. Several key
algorithms were first developed and tested in Stanford’s Integrity Monitor Testbed.

o Developed original methods for spacecraft reliability and risk assessment for the Gravity
Probe-B Relativity Mission developed at Stanford under NASA/MSFC management.

o Provided research support to other projects, including WAAS, JPALS, and PPP integrity
verification. Developed the first comprehensive predictions of WAAS performance and
availability and extended these tools to support WAAS architecture design optimization.

o Taught graduate-level course, "Space Mechanics," in 1999-2000. Guest lecturer for “Global
Positioning Systems” and other courses in Aero/Astro department.

Consultant, January 1996 — present (self-employed and via NavAstro; Los Gatos, California)

e Technical review and support of concepts for integrity verification and certification of train
control systems using GNSS and augmented GNSS.

e Technical support of integrity algorithm design, test, and validation for multiple companies
developing LAAS/GBAS ground and airborne equipment.
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o Expert witness analysis, report generation, and testimony concerning navigation technology,
patent rights, and defects, including litigation in U.S. and Canadian courts. Applications
include GPS receivers, aircraft, automobiles, and train control systems (see separate list).

e Analysis and development of Advanced RAIM (ARAIM) for military and civilian aircraft.

e Conceptual development of GNSS systems for automated land vehicle guidance, including
real-time verification of GNSS integrity at the levels needed for automated driving.

e Technical support of system architecture, algorithm design, and requirements assessment for
the U.S. Navy Sea-Based JPALS Program.

o Technical support of the GPS Il Modernization effort under contract to the DOD GPS Joint
Program Office, including requirements definition and performance simulation.

e Design and development of onboard GPS satellite self-integrity monitoring.

e Technical support of the Johns Hopkins University Applied Physics Laboratory GPS Risk
Assessment, including problem formulation, performance simulation, and risk analysis.

e Tutorial presentations on LAAS fundamentals, algorithms, and aviation applications.

e Space satellite and constellation reliability analysis, including pre-launch reliability estimates
(using thesis research methodology) and revisions after observing initial behavior in orbit.

Researcher, on-site: June - December 1990; consultant: January 1991 — September 1997
The RAND Corporation; Santa Monica, California
Examined the current and proposed future basing structures of the U.S. Air Force in Europe.
Developed a software tool to model and assess future aircraft basing options. The results

of this study were validated by subsequent experience as aircraft were withdrawn from Europe.

ACADEMIC AND PROFESSIONAL SERVICES

o Editor of “GNSS Solutions” column, Inside GNSS magazine, January 2020 — present

e Associate Editor for Navigation, IEEE Transactions on Aerospace and Electronic Systems,
October 2007 — January 2015

e Tutorial Instructor on GNSS augmentations and integrity, ION GNSS 2011 — 2013

o Reviewer for IEEE, AIAA, 10N, and other journals, 1998 — present

e Institute of Navigation (ION) Council Member, 2003 — 2005

e Session Chair at multiple ION, IEEE, and other conferences

AWARDS AND HONORS

e Fellow of the Institute of Navigation (ION) (2017)

e ION Early Achievement Award (1999)

o JON GPS/GNSS Conference “Best Paper” Awards (1999, 2000, 2001, 2009)

o National Science Foundation Graduate Fellowship (1989 — 1992)

e Tau Beta Pi and Sigma Gamma Tau engineering honor societies at MIT (1987, 1988)

OTHER SKILLS

o Japanese language ability and extensive familiarity with Japanese business and personal culture,
including NSF-supported and consulting engagements in Japan.

o Extensive knowledge of finance, investing, and economics through consulting and private study.

Proficient in programming (C, C++, Python), engineering/statistics applications (Matlab, R), and
spreadsheet (Excel) applications.
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Activities Nature of Dispute
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trial Control (PTC) system
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use of airborne vehicles as
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Positive Train Control
(PTC) system design
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and trail vehicle navigation (court
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regarding portable
devices to provide player
assistance for sports
participants
Reports, Patent dispute at U.S.
source code International Trade
reviews, Commission (ITC)
depositions, regarding techniques for
trial rapid acquisition of GPS
testimony signals
Reports Patent IPR regarding use

of GPS with wireless
communication
technologies
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