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I, Majid Sarrafzadeh, declare as follows: 

I. INTRODUCTION  

1. I have been retained as an independent expert consultant in this 

proceeding before the United States Patent and Trademark Office (“PTO”) 

regarding U.S. Patent No. 11,698,687 (“the ’687 patent”) (Ex. 1001).1  I have been 

asked to consider whether prior art references disclose or suggest the features 

recited in claims 1-7, 12, 14, and 25 (“the challenged claims”) of the ’687 patent.  

My opinions are set forth below.   

II. BACKGROUND AND QUALIFICATIONS 

2. My qualifications are stated more fully in my curriculum vitae, which 

is attached as Ex. 1003.  Below is a summary of my education, work experience, 

and other qualifications.   

3. I currently hold the title of Distinguished Professor and Director of 

Embedded and Reconfigurable Computing (ER) Laboratory in the Computer 

Science Department at the University of California, Los Angeles (UCLA).  I also 

have a courtesy appointment in the Department of Electrical Engineering at 

UCLA. 

 
1 In this Declaration, I refer to exhibits that I understand are to be attached to the 

petition for Inter Partes Review of the ’687 patent.   
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4. I believe that I qualify as an expert in the field of sensors and sensor 

data processing, and as at least a person of ordinary skill in the art.  I understand 

that my current Curriculum Vitae is being submitted by Petitioner as Exhibit 1003.  

My Curriculum Vitae summarizes my qualifications. 

5. I received my Bachelor’s Degree from the University of Illinois at 

Urbana-Champaign in Electrical and Computer Engineering in 1982, a Master of 

Science Degree in Electrical and Computer Engineering University of Illinois in 

1984, and a Ph.D. in Electrical and Computer Engineering University of Illinois in 

1987. 

6. From 1987 to 1991, I was an Assistant Professor in the Department of 

Electrical and Computer Engineering at Northwestern University.  From 1991-

1997, I held the title of Associate Professor, also in the Department of Electrical 

and Computer Engineering at Northwestern University. From 1997-2000, I held 

the title of Full Professor in that department. 

7. I am an author or co-author on more than 600 publications in 

electrical engineering and computer sciences.  Many of my publications relate to 

the use of sensors and sensor networks to track human body movement and health 

indicators. My publications also concern sensor fusion algorithms, including the 

various types of Kalman Filters. 
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8. I have used various sensors including motion sensors in my research.  

I have designed and built hardware and software systems for motion tracking gait 

analysis, 3D rehab systems, and gaming, just to name a few. 

9. I have performed data capture, data processing and analytics with 

these mobile systems.  I have utilized these mobile systems in remote monitoring 

systems.  In many of my projects too I have developed algorithms relating to 

sensor fusion.  For example, I have used motion sensor fusion to cancel motion 

noise in other signals, such as when working with photoplethysmography (PPG). I 

have used pressure sensors, accelerator and gyroscope fusion to construct motion 

data.  

10. I have worked on a finger worn device for remote controlling a 

document such as a PowerPoint document.  The user could remotely perform basic 

control of a document (such as advancing a slide or zooming in on a slide) by 

moving her finger.  The system, including the ring prototype, was built around 

2008. 

III. MATERIALS REVIEWED 

11. The opinions contained in this Declaration are based on the 

documents I reviewed, my professional judgment, as well as my education, 

experience, and knowledge regarding systems and processes in the field of sensors, 

sensor fusion, and graphics interface technology. 
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12. In forming my opinions expressed in this Declaration, I reviewed the 

following materials: 

Ex. 1001 U.S. Patent No. 11,698,687 to Liou et al. (“the ’687 patent”) 

Ex. 1004 Prosecution History of U.S. Patent No. 11,698,687 

Ex. 1005 WO 2009/156499 to Bassompiere et al. 

Ex. 1006 
Certified Translation of WO 2009/156499 to Bassompiere et al. 
(“Bassompiere”) 

Ex. 1007 

A. Kim and M. Golnaraghi, “A quaternion-based orientation 
estimation algorithm using an inertial measurement unit,” PLANS 
2004. Position Location and Navigation Symposium (IEEE Cat. No. 
04CH37556), pp. 268-272, 2004 (“Kim”) 

Ex. 1008 RESERVED 

Ex. 1009 U.S. Patent No. 8,441,438 

Ex. 1010 U.S. Patent No. 8,552,978 

Ex. 1011 IPR2018-01258, Paper 86 (Final Written Decision) 

Ex. 1012 IPR2019-00143, Paper 87 (Final Written Decision) 

Ex. 1013 IPR2018-01257, Paper 87 (Final Written Decision) 

Ex. 1014 Provisional Application No. 61/292,558 

Ex. 1015 
3/7/2018 Deposition Trans. of Dr. LaViola in CyWee Group Ltd. v. 
Samsung Elecs. Co., Ltd., 17-cv-00140 (E.D. Tx.) 

Ex. 1016 
5/22/2019 Deposition Trans. Of Dr. Joseph LaViola in IPR-2018-
01257 and IPR-2018-01258 

 

I also considered any other documents and materials I refer to in this Declaration. 
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13. My opinions contained in this declaration are based on the documents 

I reviewed and my knowledge and professional judgment.  My opinions have also 

been guided by my appreciation of how a person of ordinary skill in the art would 

have understood the state of the art, the prior art, and the claims and the 

specification of the ’687 patent at the time of the alleged invention, which I discuss 

below. 

14. I have been asked to consider that the time of the alleged invention of 

the ’687 patent was around 2010 (including and up to November 11, 2010), which 

corresponds to the filing date of the earliest non-provisional application associated 

with the ’687 patent.  (Ex. 1001, Cover.)            

15. Based on my experience and expertise, it is my opinion that certain 

references disclose and/or suggest all the features recited in challenged claims of 

the ’687 patent, as I discuss in detail below. 

16. I was an expert on behalf of petitioner in IPR2018-01257, challenging 

U.S. Patent No. 8,552,978 (’978 patent), and IPR2018-01258, challenging U.S. 

Patent No. 8,441,438 (’438 patent), both of which are related to the ’687 patent, 

and both of which include specifications that are similar to the specification of the 

’687 patent in ways that I will describe later in my declaration.  I submitted a 

declaration and gave deposition testimony in both proceedings.   
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IV. PERSON OF ORDINARY SKILL IN THE ART  

17. I am familiar with the level of ordinary skill in the art regarding the 

’687 patent as of around November 11, 2010, including late 2009 through early 

2010.  Considering the ’687 patent, the technology, the educational level and 

experience of workers in the field relating to the patent, and problems and 

solutions in that field, and drawing on my own experience, I believe a person of 

ordinary skill in the art (“POSA”) at the time of the alleged invention (around 

November 11, 2010, including late 2009 through early 2010) would have had an 

undergraduate degree in electrical engineering, computer engineering, computer 

science, physics or a related field along with two years of work experience in the 

field of sensors (such as accelerometers, gyroscopes and magnetometers), sensor 

fusion algorithms, including Kalman Filters, quaternion mathematics, and mobile 

computing technologies. More education can supplement practical experience and 

vice versa.   

18. My opinions in this Declaration regarding the ’687 patent and the 

prior art (including the state of the art) are from the perspective of one of ordinary 

skill in the art as I defined above, during the relevant timeframe. 

V. TECHNICAL BACKGROUND  

19. Below, I present a brief overview of certain aspects of systems and 

processes relating to sensors, sensor fusion algorithms, and two-dimensional 
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graphics interface technology at the time of the alleged invention for the ’687 

patent.  The functionalities and concepts I describe below in this technical 

background section reflect the state of the art that a person of ordinary skill in the 

art would have had knowledge of and understood prior to and at the time of the 

alleged invention of the ‘687 patent.  I rely on, and incorporate as applicable (even 

if not expressly mentioned below), the following disclosures and opinions to 

support my opinions in this Declaration, including those opinions relating to how 

the prior art discloses and/or suggests the challenged claims of the ’687 patent as I 

explain below in Section VIII and in the Appendix to my declaration.  The 

concepts below would have been within the knowledge and mindset of a person of 

ordinary skill in the art at the time. 

A. Gyroscopes and Accelerometers 

20. A sensor is a device capable of representing a characteristic of an 

object in numerical form.  One kind of sensor is a gyroscope, which is also known 

as a gyrometer.  It can describe the velocity of an object along one to three axes. 

An accelerometer can represent the acceleration of an object in one to three axes.  

An accelerometer can be particularly useful in determining the direction of gravity 

(down) acting on an object in three dimensions.  This is sometime referred to as a 

gravity vector.  As a general matter, neither a gyroscope, nor an accelerometer, can 

represent heading.  In other words, neither a gyroscope nor an accelerometer can 
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tell you in which direction (north, south, east or west) an object is pointing.  

Heading is also most commonly referred to as yaw. 

21. MEMS sensor modules were well known by 2010.  MEMS is an 

acronym for “Micro-Electro-Mechanical-System.”  (Ex. 1001, 10:34-37.)  A 

MEMS sensor module could include a gyroscope and accelerometer in a single 

package that could be included on small electronic devices, like a cell phone or 

pointer device, to provide orientation data.  (Ex. 1007, 268.)   

B. Sensor Fusion Algorithms (Extended Kalman Filters) with 
Quaternions 

22. It was well known to persons of skill in the art to use sensor fusion 

algorithms to achieve the best estimate of the orientation of an object in three-

dimensional space.  (Ex. 1007.)  For example, it was well known to those of 

ordinary skill that extended Kalman Filters utilizing gyroscope and accelerometer 

readings and quaternion algebra could be used to achieve optimal estimates of 

object orientation.  (See id.)   

23. In the Final Written Decisions of the ’438 patent and ’978 patent, the 

Board found that equations 5-11 in the ’438 patent and ’978 patent (which are the 

same as equations 5-11 in the ’687 patent), “represent a non-linear recursive 

estimator (as any [person of ordinary skill in the art] would understand by 

examining the mathematical equations) which, in the case of this embodiment of 

the ‘978 Patent, combines elements of an extended Kalman Filter coupled with a 
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weighted vector norm.”  (Ex. 1013, p. 43-44.)  I did not disagree with that 

characterization then and I do not disagree presently.  In fact, as a person of skill in 

the art, I understand the ’687 patent to disclose and claim the implementation of an 

extended Kalman Filter, which was well-known in 2010 and many years before. 

24. Further, the use of quaternions with Kalman Filters was well-known 

to a person of ordinary skill in the art.  A quaternion is a four-valued vector 

generalization of complex numbers with special mathematical properties that allow 

them to describe rotations efficiently.  Quaternions were first described in the 19th 

century by Irish mathematician William Rowan Hamilton.  The Board has 

previously found “knowledge of quaternion mathematics to be within the level of 

ordinary skill.”  (Ex. 1013, p. 6, 44.)  The use of quaternions with Kalman Filters 

was also well known.  (Ex. 1007.)   

25. When considering the related ’978 and ’438 patents, the Board found 

that a person of ordinary skill in the art would have had “knowledge of sensor 

systems, mobile computing technologies, Kalman Filters, and quaternion 

mathematics” by 2010.  (Ex. 1013, p. 45.)  Patentee’s expert in IPR proceedings of 

the related ’978 and ’438 patent confirmed the common use of quaternions in 

graphics applications at least as early as 2009.  (Ex. 1016, 33:14-18 (Q “Are 

quaternions, in fact, widely used in graphics applications? A Yes. Q And was that 

also true in 2009? A Yes.”).)   
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26. Patentee’s expert also confirmed that it was known how to convert a 

quaternion in a given state vector into yaw, pitch and roll angles:  

Q In the novel-enhanced comparison method of the ’438 

patent that you’re referring to in paragraph 36, and also I 

believe in paragraph 36 of the ’978 declaration, is 

orientation expressed as a quaternion? 

A Yes, it is. 

Q What is a quaternion, sir? 

A Quaternion is a mathematical representation for 

orientation that uses four numbers. A three-element 

vector and a scaler quantity. And it makes certain  

computations easier to do as opposed to other orientation 

representations. 

Q Can you derive the offset angles to some coordinate 

system that you established from an orientation 

quaternion? 

A So, given a quaternion, I should be able to tell you or 

would be able to determine what the orientation or the -- 

let’s say, if you have the offset angles. If you want to 

talk about -- talk about a coordinate system and X, Y, 

and Z axes, it would be able to tell you the amount of 

the rotation about the X axis, about the Y axis and 

about the Z axis. 

Q Is that yaw, pitch, and roll? 

A That is another way of describing it, yes. 

(Ex. 1016, 32:3-25 (emphases added).) 
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27. It was known to a person of ordinary skill in the art that an angle 

could be represented in multiple formats.  A person of ordinary skill would have 

known how to convert an angle from one form to another, for example, from Euler 

angle representation to quaternion representation.  (Ex. 1006, 20:13-17.)  To a 

person of ordinary skill in the art, this concept of representing angles is similar to 

being able to measure distance in feet or meters.  The conversion between the two 

is known and straight-forward and represents the same thing, i.e., distance.   

C. Projecting Orientation Changes to Two-Dimensional Displays 

28. It was well known to a person of ordinary skill in the art how to 

convert or translate three-dimensional orientation in quaternion or Euler angle 

form into a two-dimensional representation on a screen or display.  A person or 

ordinary skill in the art would have known how to map an orientation in a given 

coordinate system or reference frame to another coordinate system or reference 

frame.  

29. In the IPR of the related ’978 patent, patentee’s expert admitted that it 

was known to a person of ordinary skill in the art how to convert a three-

dimensional orientation to a display screen of two dimensions: 

A . . . I believe anyone of ordinary skill in the art would 

be able to take that orientation and map it to a 2D 

display, or map it as a -- whatever pattern that they would 

want, they would -- they would be so choose in doing.  

Page 13 of 89



Declaration of Dr. Majid Sarrafzadeh 
U.S. Patent No. 11,698,687 

12 
 

Q Is that because it’s just a geometric calculation or why 

do you say that?  

A Yeah. Because it was simply just a geometric 

calculation.  

Q Doesn’t the calculation, though, depend on the method 

you used to determine the object’s orientation?  

A I don’t see why it would.  

Q Are they completely uncoupled?  

A I mean, once you have a[n] orientation in a given 

coordinate system, it doesn’t really matter how you got it. 

You simply can map that into a different coordinate 

system, in this case, the display coordinate system to get 

some type of movement pattern on the screen. 

(Ex. 1013, p. 59, citing testimony of patentee’s expert Dr. LaViola (Ex. 1016, 

48:10-49:2).)   

30. In the deposition from which that quote was taken, patentee’s expert 

also testified that a person of ordinary skill in the art would be able to convert a 

three-dimensional orientation to a display screen of two dimensions even in the 

case where the display screen was part of the same handheld device: 

Q. And does the mapping or the ability of a person of 

ordinary skill in the art to do the mapping, does that 

depend on whether it’s a built-in display or a display that 

is, say, somewhere across the room from the 3D pointing 

device? 
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A. It does make a difference as to where the quote, 

unquote, display reference frame is. If it’s coupled with 

the 3D -- by the handheld 3D pointing device versus 

some screen somewhere in some distance away, you have 

to understand the relationship between the two coordinate 

systems in order to properly perform the mapping. 

Q. So, would your answer be different than specifically 

to the question, did a person of ordinary skill in the art in 

the 2009 or earlier time frame have the ability to do that 

transformation, if it’s a built-in display? 

A. A person of ordinary skill in the art would be able to 

do that. 

Q. Would it require a lot of experimentation? 

A It's hard to say. I mean, there’s various levels of skill in 

the art, so... I would say if that person was following 

proper procedure for how you do transformations from 

one coordinate system to another, then there wouldn’t be 

a lot of experimentation needed. 

(Ex. 1016, 49:22-50:23.) 

VI. THE ’687 PATENT 

31. The ’687 patent describes a three-dimensional (3D) pointing device 

that can be moved and rotated by a user and that has sensor modules allowing the 

device to “obtain actual resulting deviation angles in [a] spatial reference frame 

and under dynamic environments.”  (Ex. 1001, 1:35–37.)  The ’687 patent admits 

that 3D pointing devices were known in the prior art, as shown in Figure 1: 
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(Id., FIG. 1.)   

32. Figure 1 shows that a user can point a 3D pointing device 110 at a 

screen 122 of a display device 120.  (Id., 1:41–46.)  Figure 1 illustrates sets of axes 

representing two different reference frames: a “spatial pointer reference frame” for 

pointing device 110, and a “display frame” for display device 120.  (Id., 1:51–54.)  

The spatial pointer reference frame is defined by axes XP, YP, and ZP.  (Id., 1:54–

57, 2:25-28.)  The system keeps track of the “orientation” of pointing device 110 

by measuring three deviation angles: yaw angle 111 representing the device’s 

rotation about axis ZP, pitch angle 112 representing its rotation about axis YP, and 

roll angle 113 representing its rotation about axis XP.  (Id., 2:8-20.)  The system 
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can then perform “mapping” by translating the deviation angles in the spatial 

pointer reference frame to a corresponding movement of the pointer on display 

screen 122.  (Id., 2:50–54; see also id., 2:21–54.) 

33. Figure 5 shows an “electronic device (500)” with a first part 560 and a 

second part 570.  (Id., 11:55-57.)  The first part 560 (which is a pointer device) and 

the second part 570 are not physically connected, and need not be in the same 

housing.  (Id., 11:57-12:4.)  Thus, a person of ordinary skill in the art would 

understand from the ’687 patent that the term “electronic device” covers a device 

encompassing physically disconnected components.   

 

(Id., FIG. 5.)  The first part 560 has a nine-axis motion sensor module 503 with a 

rotation sensor 542, an accelerometer 544, and a magnetometer 545.  (Id., 11:55-
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12:4.)  An algorithm maps movements of the first part 560 to movements on screen 

582 of the notebook computer 580.  (Id., 12:28-13:14.)  

34. One such algorithm is described in Figure 7.  This algorithm uses only 

the measured angular velocities and accelerometer readings of the motion sensor 

module (not the magnetometer). 
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(Id., FIG. 7.)  Figure 7 presents a method of calculating deviation angles of a 3D 

pointing device’s spatial pointer reference frame.  (Id., 14:6-13.)  The method beings 

either initializing a new state or “obtaining a previous state of the nine-axis motion 

sensor module (. . . steps 705, 710).”  (Id., 14:35–45.)  This state is in the form of “a 
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first quaternion2 inducing values associated with at least previous angular velocities 

𝜔𝑥, 𝜔𝑦, 𝜔𝑧 gained from the motion sensor signals of the nine-axis motion sensor 

module at a previous time T−1.”  (Id., 14:45–50.) 

35. The method then obtains “measured angular velocities 𝜔𝑥, 𝜔𝑦, 𝜔𝑧 

gained from the motion sensor signals of the non-axis motion sensor module at a 

current time T (. . . steps 715, 720)”, to calculate a second quaternion of the 

“current state” with respect to current time T.  (Id., 14:50-55, 16:41-50.)  

According to the ’687 patent, one way to convert 𝜔𝑥, 𝜔𝑦, 𝜔𝑧 into the “second 

quaternion” is by using equation 1. 

⎣
⎢
⎢
⎢
⎡
𝑞ሶ଴
𝑞ሶଵ
𝑞ሶଶ
𝑞ሶଷ⎦
⎥
⎥
⎥
⎤
ൌ  

1
2

 ൦

0
ω௫
ω௬
ω௭

 

–ω௫
0

–ω௭
    ω௬

 

–ω௬
  ω௭

0
–ω௫

 

–ω௭
–ω௬
ω௫
0

൪  ቎

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

቏ 

 
2 As noted earlier, quaternions are a well-known four-dimensional extensions of 

complex numbers that have the unique property of maintaining rotational 

relationships with relatively limited computational complexity.  The ’687 patent 

says, as any person skilled in the art would appreciate, that Euler angles can be used 

and defined from a quaternion. (Ex. 1001, 15:59-61 (“It can be understood that one 

may make reference to Euler Angles for definition on quaternion.”).)   
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(Id., 16:56-63 (equation 1).)  Equation 1 is a differential equation with respect to the 

“first quaternion” (𝑞0, 𝑞1, 𝑞2, 𝑞3), and the ’687 patent suggests solving it using a 

data conversion utility.  (Id., 16:50-17:4.) 

36. After that, the method in Figure 7 gets the “measured state” of the 

motion sensor module in steps 725 and 730.  (Id., 17:5-8.)  This measured state has 

two parts: a set of “measured axial accelerations Ax, Ay, Az” obtained from the 

accelerometer signals (step 725), and “predicted axial accelerations Ax′, Ay′, Az′,” 

which are calculated based on the measured angular velocities (step 730).  (Id., 

17:8-17:24.)  The predicted axial accelerations in step 730 are “calculated based on 

the . . . current state or second quaternion in relation to the measured angular 

velocities thereof.”  (Id.,17:21-24.)  The ’687 patent provides known equations for 

calculating each of Ax’, Ay’, Az’ of the predicted axial acceleration, which the 

’687 characterizes as a “conversion utility”: 

2ሺ𝑞ଵ 𝑞ଷ – 𝑞଴ 𝑞ଶሻ ൌ 𝐴𝑥ᇱ 

2ሺ𝑞ଶ 𝑞ଷ ൅ 𝑞଴ 𝑞ଵሻ ൌ 𝐴𝑦ᇱ 
 

𝑞଴మ– 𝑞ଵమ  –  𝑞ଶమ ൅  𝑞ଷమ ൌ  𝐴𝑧ᇱ   
 
(Id., 17:27-37, Equations 2-4.) 

37. Next, in step 735, the process obtains a “third quaternion,” 

representing an “updated state,” by comparing the current state with the measured 

state.  (Id. at 14:63–66, 15:7-26.)  It does this by using a “comparison model” 
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involving equations 5–11. (Id., 17:42-47; see also id., 17:37-18:43.)  In testimony 

that the Board found persuasive concerning related patent ’438, which has the 

same Figure 7 process and same equations, the patentee’s expert characterized 

equations 5–10 of the ’687 patent as Extended Kalman Filter (“EKF”) equations, 

which were known in the art, and described equation 11 as an error minimization.  

(Ex. 1012, IPR2019-00143 Final Written Decision, Paper 87, p. 11, citing Ex. 2021 

¶46.)  Patentee’s expert stated that in the general framework of an extended 

Kalman Filter of equations 5–10 represent a process model (equation 5) and its 

corresponding covariance matrix, a measurement model (equation 8) and its 

corresponding covariance matrix, as well as Jacobians associated with each of the 

two models (equations 6, 7, and 10) that linearize the nonlinear functions 

represented by each model.  (Ex. 1012, IPR2019-00143 Final Written Decision, 

Paper 87, 11-12 (citing Ex. 1048, 102:15–103:7).)  

38. Next, “to provide a continuous loop,” the method in step 740 outputs 

and substitutes the third quaternion (updated state) into the first quaternion 

(previous state) (step 710).  (Ex. 1001, 15:7–15.)  In step 745, the method uses the 

third quaternion to generate a “resulting deviation,” in terms of yaw, pitch, and roll 

angles, with respect to the axes of the spatial pointer reference frame.  (Id., 14:66-

15:7, 19:21-57.)  According to the ’687 patent, these resulting deviation angles are 

used to map locations from 3D space to corresponding locations that indicate 
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where the device is pointing on a 2D display device.  (Id., 11:38-51, 20:10-35, 

Figures 8 (Step 750), 9.) 

VII. CLAIM CONSTRUCTION 
 
39. I understand that when considering the meaning of patent claims, one 

must consider the language of the claims, the specification, and the prosecution 

history of the patent.  I also understand that claim terms are typically given their 

ordinary and customary meanings as would have been understood by a person of 

ordinary skill in the art at the time of the invention for the patent.  For purposes of 

my opinions in this declaration, I have applied the plain and ordinary meaning as 

understood by a person of ordinary skill in the art at the time of the alleged 

invention. 

40. Claims 1, 7 and 14 use the phrase “spatial reference frame.”  My 

opinion is that the term means a “reference frame associated with a 3D pointing 

device, which always has its origin at the same point in the device and in which the 

axes are always fixed with respect to the device.”   

41. The ’687 patent explains that the “spatial reference frame” refers to a 

3-axis reference frame of a 3D pointing device.  (See, e.g., Ex. 1001, 9:16-28, 

9:60-10:9, FIGS. 1-4.)  “The spatial reference frame is analogous to the reference 

frame XPYPZP also shown in FIG. 1 and FIG. 2.”  (Id., 9:16-28.)  In particular, the 

Page 23 of 89



Declaration of Dr. Majid Sarrafzadeh 
U.S. Patent No. 11,698,687 

22 
 

“spatial pointer reference frame associated with the pointing device 110 is defined 

by the coordinate axes XP, YP and ZP as shown in FIG. 1.”  (Id., 1:54–1:57.)   

 

(Id., FIG. 1.)   

42. Thus, the “spatial pointer reference frame” is shown by the coordinate 

axes XP, YP and ZP in Figure 1.  (Id., FIG. 1.)  As shown in Figure 1, the spatial 

pointer reference frame is a reference frame associated with the 3D pointing 

device, which has its origin at a point in the device.  (Id., FIG. 1.)  Furthermore, as 

shown in Figure 2, when the device is rotated, the axes XP, YP and ZP rotate with 

the device.  (Id., FIG. 2.)  The rotation of the device in Figure 2 shows a 90-degree 

roll of the device, with correspondingly rotated axes YP and ZP.  (Id., FIG. 2.)  For 
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that reason, in the spatial pointer reference frame, the origin and axes of the frame 

stay fixed with respect to the device. 

VIII. THE PRIOR ART APPLIED TO THE ’687 PATENT 

43. It is my opinion that Bassompiere (Ex. 1006) discloses or suggests 

every limitation of claims 1-7, 12, 14, and 25 of the ’687 patent.  I provide a 

detailed explanation for my opinions with regard to each claim element in the 

Appendix attached to my declaration.  In Section VIII.A, I provide more focused 

testimony on the relevant disclosure of Bassompiere, an explanation of terms and 

equations, and a discussion of concepts known in the art, such as quaternion math 

and Euler angle conversions. 

A. Bassompiere 

1. Bassompiere’s Pointer, Display, and Sensors 

44. Bassompiere describes a pointer device “for pointing by a user at a 

mobile element in a plane surface.”  (Ex. 1006, 4:1-12, 8:24-25, FIGS. 1, 2.)  In 

Figure 1, the pointer “has the shape and appearance of a television remote control, 

i.e., it is of elongate form, able to be held in the user's hand.”  (Id., 8:25-27.)  “The 

pointer is associated with a mobile element able to move in a plane surface, for 

example, a screen or a writing surface.  The displacements of this mobile element 

are controlled by the displacements of the pointer.”  (Id., 9:1-4, FIG. 2.)  The 
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pointer includes an angular velocity sensor 20 and a linear acceleration sensor 30.  

(Id., Fig. 1, 9:24-26, 10:14-17.)   

 

(Id., FIG. 1.)  The pointer is shown with a display and a user’s hand moving the 

pointer in the system of Figure 2.   
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(Id., FIG. 2.) 

45. The accelerometer (i.e., sensor 30) and gyroscope (i.e., sensor 20) 

“respectively return measurements noted (aX,aY,aZ) and (ωy, ωz) in the frame of 

reference (XYZ) of the pointing device.”  (Id., 12:14-15.)  These measurements are 

used to estimate pitch and roll angles (θ and ψ) of the pointer through a sensor 

fusion algorithm, specifically, an extended Kalman Filter.  (Id., 13:15–32; see also 

id., 18:15-19:12.) 

46. Bassompiere is analogous art to the ’687 patent.  The ’687 patent’s 

field of endeavor is the fusing of data from small microsensor, like MEMS 

gyrometers and accelerators, in order to provide orientation of a device in three- 

dimensional space.  The orientation data is then used to present some kind of 

content on a screen that can be changed depending on, and subject to, the 
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orientation.  (See, e.g., Ex. 1001, Abstract, 5:23-35, FIGS. 1, 2.)  Bassompiere too 

describes a device with a gyrometer and accelerometer producing orientation data 

that is corrected using a sensor fusion algorithm so to allow presentation of two- 

dimensional data on a screen that can be modified based on the 3D orientation of 

the device as determined by the sensor fusion algorithm.  (Ex. 1006, 1:2-26, 3:25-

4:12, FIGS. 1, 2.)   

2. Bassompiere’s EKF Algorithm 

47. Bassompiere describes a two-step process as follows: “a step 1 of 

estimating the angles θ and ψ of pitch and of roll by an EKF and a step 2 of 

computing the angular rate components ωv, ωw, related to the displacement of the 

mobile element with respect to the frame of reference of the user.”  (Id., 15:3-8.) 

48. To estimate the pitch θ angle and roll angle ψ by an EKF, 

Bassompiere defines the angles θ and ψ as a state vector.  (Id., 17:5-6 (“the state 

vector chosen to solve the problem is: x=[θ ψ].  Where θ and ψ are respectively the 

pitch and roll angles.”).)  The state vector, at sampling step k, i.e., 𝑥௞̂, is calculated 

using the following EKF equation.  

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௑,௞

𝑎௬,௞
𝑎௭,௞

൩  – ŷ௞
ି൱ 
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(Id., 5:4-6, 19:8-9 (equation 23), 29:1-4 (claim 10).)  In this equation, 𝑥௞̂
ି is an “a 

priori estimate of the state vector” (id., 19:1-3, see also id., 8:24, 28:11) at present 

time k.  As seen in equation 21 below, Bassompiere represents 𝑥̂௞
ି as the estimated 

pitch and roll angles ቀ஘ƹೖ
ష

Ѱƹೖ
షቁ (id.), but also provides that the “state vector (x) is a 

quaternion.” (Id., 6:3-4, 20:10-11, 27:11-14, 30:1-3 (claim 13).)  Below, in Section 

VIIII.A.4, I describe how a person of skill in the art would move between Euler angle 

and quaternions representations of variables in the EKF and related equations using 

known relationships between Euler angles and quaternions.  

i) Calculating the a priori estimate 𝒙̂𝒌
ି 

49. The state vector (𝑥௞̂
ି) is calculated by adding the pitch and roll angles 

from the previous iteration k-1 of the EKF, i.e., ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ to the current gyroscope 

readings ൫ω௫ .ω௬
⬚ ,ω௭

⬚൯, multiplied by a sampling period Te, using the following 

equation: 

𝑥̂௞
ି ൌ  ቆ

Ѳƹ ௞
ି

Ѱƹ௞
ିቇ ൌ  ቆ

Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘  ቆ
𝛼ඥω௬

ଶ ൅  ω௭
ଶ

ω௫
ቇ  

 
(Id., 19:3 (equation 21), see also id., 4:23-26, 28:9-13 (claim 7).)   
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ii) Calculating the updated state vector 𝒙̂𝒌 

50. Next, Bassompiere determines the estimated acceleration (𝑦̂௞
ିሻ at time 

step k, based on the a priori estimation of the state vector, i.e., 𝑥௞̂
ିor ቀѲƹ ೖ

ష

Ѱƹೖ
షቁ. 

ŷ௞
ି ൌ  ቮ

െsin θƹ ௞
ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cos θƹ ௞
ି

. cosѰƹ௞
ି

 

(Id., 19:4-5 (equation 21), 28:14-17 (claim 8).)   

51. The estimated acceleration is compared against the measured 

acceleration from the accelerometer readings (y= [ax ay az]) at time step k and added 

to the a priori estimate of the state vector (𝑥௞̂
ି) to yield an updated state vector 𝑥௞̂:  

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱ 

(Id., 19:9 (equation 23), see also id., 5:6, 29:3-5 (claim 10).)  

52. For ease of reference and understanding, replacing 𝑥௞̂
ି in equation 23 

for the a priori estimate of the state vector and replacing 𝑦̂௞
ି with the equation for 

determining the predicted acceleration, yields the following equation for 𝑥̂௞: 

 

𝑥௞̂ ൌ  ቆ
Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘  ቆ
𝛼ඥω௬

ଶ ൅  ω௭
ଶ

ω௫
ቇ  ൅  𝐾௞  ቌ൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  ቮ
െsin θƹ ௞

ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cos θƹ ௞
ି

. cosѰƹ௞
ି
ቍ 
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The above equation shows that the EKF of Bassompiere determines 𝑥̂௞ based on the 

pitch and roll angles from the previous iteration k-1, i.e., ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ, the gyroscope 

readings of the present iteration ൫ω௫ .ω௬
⬚ ,ω௭

⬚൯ and the difference between the 

accelerometer readings at present time k (ax,k, ay,k, az,k) and the predicted acceleration 

ቮ
െsin θƹ ௞

ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cos θƹ ௞
ି

. cosѰƹ௞
ି

.   

53. With respect to the language of the claims of the ’687 patent, the 

above EKF equation can be understood to determine 𝑥௞̂ as follows. 

 

 

3. Real-Time Display in Bassompiere   

54. Step 1 of Bassompiere provides pitch and roll angles in Euler angle 

form.  Step 2 of Bassompiere’s process computes the angular rate components ωv, 

ωw, related to the displacement of the pointer device with respect to the frame of 

reference of the user (u, v, w).  (See Ex. 1006, 11:18-20, 11:26-30.)  Bassompiere 
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teaches that the components ωv and ωw of the angular rate in the reference frame of 

the user are computed through the following formulae: 

𝜔௩ ൌ  cosѰƹ .𝜔௬ െ  sinѰƹ .𝜔௭ 

𝜔௪  ൌ  െ sin θƹ .𝜔௫ ൅  cos θƹ . sinѰƹ .𝜔௬ ൅  cosθƹ . cosѰƹ .𝜔௭ 

(Id., 19:10-11 (equation 24), 5:7-9, 29:6-9 (claim 11).) 

 

(Id., FIG. 6.)  Specifically, “ωv and ωw . . . give direct information on the horizontal 

displacements (rotation about the axis w represented by ωw) and vertical 

displacements (rotation about the axis v represented by ωv) and therefore the 

displacement of the mobile element on the screen (dy and dz).”  (Id., 11:25-12:9.) 
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4. Replacing Equations 21-23 in Bassompiere With State 
Vectors in Quaternion Form  

55. While the state vectors in equations 21 and 23 are represented in Euler 

angle form, Bassompiere discloses a first variation of this embodiment in which 

the state vector (x) is a “quaternion.”  (Ex. 1006, 20:10–19; see also id., 6:3–4, 

27:11–14 (claim 1), 30:1–3 (claim 13).)  In this variation, “the angles of torsion θ 

and ψ” are replaced by a “quaternion formulation of the same torsion.”  (Id., 20:10-

11.)  Bassompiere acknowledges the benefits of using quaternions over Euler 

angles for performing sensor fusion.  (Id., 20:10-14 (“This variant exhibits the 

advantage of avoiding the computations of the sines and cosines of the pitch and 

roll angles that are greedy in terms of computational power.”).)  The benefits of 

using quaternions over Euler angles were well-known.  (See Ex. 1007 at 269-270 

(“For modeling the rotational motion, quaternions are used rather than direction 

cosines and Euler angles because the quaternion representation does not have a 

problem with singularities; handles normalization better; and exchanges the bulky 

trigonometry of Euler angles with multiplication and addition. . . .”).)  This is to 

say performing operation with quaternion is more efficient than performing the 

same operation using Euler angles. 

56. Thus, a person of ordinary skill would have been motivated to modify 

equations 21-23 to include quaternions instead of Euler angles.  In such a 

modification, the state vectors 𝑥̂௞
ି and 𝑥̂௞ିଵ

ି  would have been represented using 
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quaternions.  As, I explain below, a person of ordinary skill would have a 

reasonable expectation of success in using quaternions because quaternions had 

been successfully used by persons of skill in the art with sensor fusion algorithms, 

such as extended Kalman filters, to achieve computational efficiencies in real time 

applications with gyroscope and accelerometers.  (See, e.g., Ex. 1007.)  Also, 

Patent Owner’s expert in IPR proceedings for the related ’438 patent and ’978 

patent admitted that quaternions “would be known to someone of ordinary skill in 

the art.”  (Ex. 1013, p. 44.)  The Board consequently found that “knowledge of 

quaternion mathematics [was] within the level of ordinary skill.”  (Id., pp. 44–45.) 

57. Below, I explain how a person of ordinary skill would use quaternions 

in place of equations 21-23 in Bassompiere.  Using quaternions in place of Euler 

angles was something well known to those of ordinary skill.  For example, 

Bassompiere discloses well-known equations for converting between quaternions 

and Euler angles.  Bassompiere explains that “a rotation quaternion is defined by 4 

elements,” as noted below: 

𝑞 ൌ ተ

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

 with  

⎩
⎨

⎧ 𝑞଴ ൌ 𝑐𝑜𝑠
௔

ଶ
     

อ
𝑞ଵ
𝑞ଶ
𝑞ଷ

ൌ 𝑠𝑖𝑛
௔

ଶ
อ
𝑢ଵ
𝑢ଶ
𝑢ଷ

    Eq. 25 

𝑎 being the angle of rotation and 𝑢 ൌ อ
𝑢ଵ
𝑢ଶ
𝑢ଷ

 the axis of rotation. 
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(Ex. 1006, 20:13-16 (equation 25).)  Bassompiere also describes the well-known 

quaternion operations, such as how to calculate the conjugate of a quaternion:   

𝒒ഥ being the quaternion conjugate to q (i.e. if q = q0 + q1.i + q2.j + q3.k, 
𝒒ഥ = q0 - q1.i - q2.j – q3.k). 

(Id., 21:4-6.)  With this information, and knowledge of quaternions and quaternion 

algebra, a person of skill in the art would understand that the conversion of pitch 

and roll angles into quaternion form would be a simple matter of plugging Euler 

angle values into Equation 25 to calculate the quaternion.  I explain this below. 

58. For example, assume an initial orientation of 0º pitch angle (θ) and 0º 

roll angle (ψ), i.e., (θ, ψ) = (0 º,0 º).  Substituting those values into Equation 25 of 

Bassompiere, each of the pitch and roll angles (0 º,0 º) would be represented in 

quaternion form as qinitial=1+0i+0j+0k, since there is no rotation (u=0) along any 

axis.   

59. Now assume an applied pitch angle of 45º (π/4) and an applied roll 

angle of 22.5º (π/8) to the initial orientation.  In Euler angle form, the new 

orientation would simply be (45º, 22.5º) or (π/4, π/8) because the original 

orientation was (0 º,0 º) and adding angle to zero yields the angle.   

60. In quaternion form, the new orientation for the pitch angle would be 

determined by calculating the rotation quaternion, per Equation 25 above, as 

follows (letting 𝑎 = π/4:and 𝑢 =[0,j,0], i.e., a rotation around only the Y (j) axis): 

Page 35 of 89



Declaration of Dr. Majid Sarrafzadeh 
U.S. Patent No. 11,698,687 

34 
 

⎩
⎪
⎨

⎪
⎧𝑞଴ ൌ 𝑐𝑜𝑠

π/4
2

     

อ
𝑞ଵ
𝑞ଶ
𝑞ଷ

ൌ 𝑠𝑖𝑛
π/4

2
อ
0
1
0

 

 

Thus, the rotation quaternion for the pitch angle can be represented as qθ =[cos 

(π/8), 0, sin(π/8), 0]. 

61. In quaternion form, the new orientation for the roll angle would be 

determined by calculating the rotation quaternion, per Equation 25 above, as 

follows (letting 𝑎 = π/8 and 𝑢 = [i,0,0], i.e., a rotation around the X (i) axis): 

⎩
⎪
⎨

⎪
⎧𝑞଴ ൌ 𝑐𝑜𝑠

π/8
2

     

อ
𝑞ଵ
𝑞ଶ
𝑞ଷ

ൌ 𝑠𝑖𝑛
π/8

2
อ
1
0
0

 

 

Thus, the rotation quaternion for the roll angle can be represented as qψ 

=[cos(π/16), 0, sin(π/16), 0]. 

62. To calculate the new quaternion representing the combined rotation 

(pitch then roll) applied to the original orientation, a person of ordinary skill in the 

art would know to multiply the individual quaternions in the order of application 

(from right to left): 

qnew = qθ ⦻ qψ ⦻ qinitial 
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= (cos(π/8) + j sin(π/8)) ⦻ (cos(π/16) + i sin(π/16)) ⦻ (1+0i+0j+0k) 

= cos(π/8) cos (π/16) + i sin(π/16) cos(π/8) + j sin(π/8)cos (π/16) – k 

sin(π/8)sin (π/16). 

= 92*.98 + i .2*.92 +j.38*.98 - k.38*.2i  

= .90 +i.18 + j.37 – k.07 

63. Thus, as we can see above, a person of ordinary can represent a state 

vector of Euler angles (45º, 22.5º) or (π/4, π/8) with a quaternion .90 +i.18 + j.37 – 

k.07. 

64. Returning to equations 21-23, I now explain below how those 

equations would be represented in quaternion form.  

65. We begin with equation 21 

𝑥̂௞
ି ൌ  ቆ

Ѳƹ ௞
ି

Ѱƹ௞
ିቇ ൌ  ቆ

Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘  ቆ
𝛼ඥω௬

ଶ ൅  ω௭
ଶ

ω௫
ቇ  

Equation 21 takes the previous pitch and roll angles ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ and adds to that the 

change in the pitch and roll angles represented by  𝑇௘ ቆ
ఈටன೤

మା ன೥
మ

னೣ
ቇ using the 

gyroscope readings ሾω௫ .ω௬
⬚ ,ω௭

⬚ሿ  multiplied by a time interval 𝑇௘.3  A person of 

 
3 This is equivalent to taking the derivative of the pitch and roll angles with respect 

to ቆ
ఈටன೤

మା ன೥
మ

னೣ
ቇ as shown in the differential equation of Equation 16 of 

Bassompiere. (Id., 18:4-5.) 
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ordinary skill in the art would understand 𝑇௘  ቆ
ఈටன೤

మା ன೥
మ

னೣ
ቇ to be an angular rotation 

that is added to the previous pitch and roll angles ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ.  That summation will 

yield the current state vector (𝑥௞̂
ି), which is the current pitch and roll angles ቀѲƹ ೖ

ష

Ѱƹೖ
షቁ 

in view of the rate of movement in the x, y, z axes of the pointer as reflected by the 

gyroscope readings.  The derivation of 𝑇௘  ቆ
ఈටன೤

మା ன೥
మ

னೣ
ቇ is described in equations 11 

through 16 in Bassompiere.  (Id., 17:7-18:5.)  

66. Equation 21 of Bassompiere can be expressed as the rate of change of 

an orientation quaternion based on the angular velocities from a gyroscope.  A 

person of ordinary skill in the art would understand this to be a quaternion 

kinematic equation.  Bassompiere’s Equation 21 

 𝑥ො௞
ି ൌ ቆ

Θ෡௞
ି

Ψ෡௞
ିቇ ൌ ቆ

Θ෡௞ିଵ
Ψ෡௞ିଵ

ቇ ൅ 𝑇௦ ൬
ሺ𝛼ඥ𝜔௬ଶ ൅ 𝜔௭ଶሻ

𝜔௫
൰  

is a discrete-time update equation for Euler angles (specifically pitch Θ and roll Ψ). 

In quaternion form, a person of skill in the art could approach this as differential 

equation for propagating quaternions using gyroscope readings.  Let the quaternion 

be 𝑞 ൌ ൮

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

൲, where 𝑞଴ is the scalar part and ሺ𝑞ଵ, 𝑞ଶ, 𝑞ଷሻ is the vector part.  Let the 
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angular velocity vector from the gyroscope readings be 𝜔 ൌ ൭
𝜔௫
𝜔௬
𝜔௭
൱.  The 

quaternion differential equation is given by: 𝑞ሶ ൌ
ଵ

ଶ
𝑞 ⊗ 𝜔௣ where: 

𝑞ሶ ൌ ൮

𝑞ሶ଴
𝑞ሶଵ
𝑞ሶଶ
𝑞ሶଷ

൲ is the time derivative of the quaternion. 

𝑞 ൌ ൮

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

൲ is the current orientation quaternion. 

𝜔௣ ൌ ൮

0
𝜔௫
𝜔௬
𝜔௭

൲ is a "pure" quaternion formed from the angular velocity vector. 

⊗ denotes quaternion multiplication, i.e., a rotation of the current orientation given 

an angular velocity.  To express Equation 21 of Bassompiere in quaternion form, 

where the quaternion 𝑞 (represented as 𝑞଴, 𝑞ଵ, 𝑞ଶ, 𝑞ଷ) multiplies the vector 

ሺ0,𝜔௫,𝜔௬,𝜔௭ሻ, we can write the quaternion multiplication as a matrix-vector 

product.  It will be fully explained below that this matrix-vector multiplication is 

equivalent to 𝑞ሶ ൌ
ଵ

ଶ
𝑞 ⊗ 𝜔௣.  The left quaternion 𝑞 multiplication can be expressed 

as a matrix (4x4) by vector (4x1) multiplication: 
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൮

𝑞ሶ଴
𝑞ሶଵ
𝑞ሶଶ
𝑞ሶଷ

൲ ൌ
1
2
൦

𝑞଴ െ𝑞ଵ െ𝑞ଶ െ𝑞ଷ
𝑞ଵ 𝑞଴ െ𝑞ଷ 𝑞ଶ
𝑞ଶ 𝑞ଷ 𝑞଴ െ𝑞ଵ
𝑞ଷ െ𝑞ଶ 𝑞ଵ 𝑞଴

൪൮

0
𝜔௫
𝜔௬
𝜔௭

൲ 

 
67. Expand this multiplication to see each component of 𝑞ሶ , we get: 

𝑞ሶ଴ ൌ
1
2
ሺ𝑞଴ ⋅ 0 െ 𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ሻ ൌ

1
2
ሺെ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ሻ 

𝑞ሶଵ ൌ
1
2
ሺ𝑞ଵ ⋅ 0 ൅ 𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭ሻ ൌ

1
2
ሺ𝑞଴𝜔௫ ൅ 𝑞ଶ𝜔௭ െ 𝑞ଷ𝜔௬ሻ 

𝑞ሶଶ ൌ
ଵ

ଶ
ሺ𝑞ଶ ⋅ 0 ൅ 𝑞ଷ𝜔௫ ൅ 𝑞଴𝜔௬ െ 𝑞ଵ𝜔௭ሻ ൌ

ଵ

ଶ
ሺ𝑞଴𝜔௬ െ 𝑞ଵ𝜔௭ ൅ 𝑞ଷ𝜔௫ሻ  

𝑞ሶଷ ൌ
1
2
൫𝑞ଷ ⋅ 0 െ 𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬ ൅ 𝑞଴𝜔௭൯ ൌ

1
2
൫𝑞଴𝜔௭ ൅ 𝑞ଵ𝜔௬ െ 𝑞ଶ𝜔௫൯ 

This set of four equations describes how the orientation quaternion changes over 

time given the gyroscope's angular velocity readings.  To implement this, a person 

of ordinary skill in the art would integrate these differential equations over a time 

step Δ𝑡: 𝑞௞ ൎ 𝑞௞ିଵ ൅ 𝑞ሶ௞ିଵΔ𝑡 followed by normalization of 𝑞௞ to ensure it remains 

a unit quaternion. 

68. The matrix-vector form of the differential equation described above 

and presented here again: 

൮

𝑞ሶ଴
𝑞ሶଵ
𝑞ሶଶ
𝑞ሶଷ

൲ ൌ
1
2
൦

𝑞଴ െ𝑞ଵ െ𝑞ଶ െ𝑞ଷ
𝑞ଵ 𝑞଴ െ𝑞ଷ 𝑞ଶ
𝑞ଶ 𝑞ଷ 𝑞଴ െ𝑞ଵ
𝑞ଷ െ𝑞ଶ 𝑞ଵ 𝑞଴

൪൮

0
𝜔௫
𝜔௬
𝜔௭

൲ 

is equivalent to equation 26 in Bassompiere: 
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𝑞ሶ ൌ  
1
2

 ቮ

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

 ⦻ ተ

0
ω௫
ω௬
ω௭

  ; 

69. A person of ordinary skill in the art would understand that the matrix-

vector multiplication above is a way to represent the quaternion multiplication 

operation in a linear algebra format.  Again, take Bassompiere’s equation 26: 

𝑞ሶ ൌ  
1
2

 ቮ

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

 ⦻ ተ

0
ω௫
ω௬
ω௭

   

let 𝑞 ൌ ൮

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

൲ (which can be written as 𝑞଴ ൅ 𝑞ଵ𝑖 ൅ 𝑞ଶ𝑗 ൅ 𝑞ଷ𝑘) and  

𝜔௣ ൌ ൮

0
𝜔௫
𝜔௬
𝜔௭

൲ (which can be written as 0 ൅ 𝜔௫𝑖 ൅ 𝜔௬𝑗 ൅ 𝜔௭𝑘).  

70. As known by any person of ordinary skill in the art familiar with 

quaternion mathematics, the quaternion multiplication 𝑝 ⊗ 𝑟 for two quaternions 

𝑝 ൌ ሺ𝑝଴,𝑝ଵ,𝑝ଶ,𝑝ଷሻ and 𝑟 ൌ ሺ𝑟଴, 𝑟ଵ, 𝑟ଶ, 𝑟ଷሻ is defined as follows for its components: 

Resulting scalar part (0௧௛ component): 𝑝଴𝑟଴ െ 𝑝ଵ𝑟ଵ െ 𝑝ଶ𝑟ଶ െ 𝑝ଷ𝑟ଷ  

Resulting 𝑖 part (1௦௧ component): 𝑝଴𝑟ଵ ൅ 𝑝ଵ𝑟଴ ൅ 𝑝ଶ𝑟ଷ െ 𝑝ଷ𝑟ଶ 

Resulting 𝑗 part (2௡ௗ component): 𝑝଴𝑟ଶ െ 𝑝ଵ𝑟ଷ ൅ 𝑝ଶ𝑟଴ ൅ 𝑝ଷ𝑟ଵ 

Resulting 𝑘 part (3௥ௗ component): 𝑝଴𝑟ଷ ൅ 𝑝ଵ𝑟ଶ െ 𝑝ଶ𝑟ଵ ൅ 𝑝ଷ𝑟଴ 

Applying these rules to 𝑞 ⊗𝜔௣, where 𝑝 is 𝑞 and 𝑟 is 𝜔௣,  
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we get 𝑝଴ ൌ 𝑞଴, 𝑝ଵ ൌ 𝑞ଵ, 𝑝ଶ ൌ 𝑞ଶ,𝑝ଷ ൌ 𝑞ଷ and 𝑟଴ ൌ 0, 𝑟ଵ ൌ 𝜔௫, 𝑟ଶ ൌ 𝜔௬, 𝑟ଷ ൌ 𝜔௭. 

We now calculate each component of 𝑞 ⊗𝜔௣: 

0௧௛ component (scalar part of the result): 

 𝑞଴ሺ0ሻ െ 𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ ൌ െ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ 

1௦௧ component (i-part of the result): 

 𝑞଴𝜔௫ ൅ 𝑞ଵሺ0ሻ ൅ 𝑞ଶ𝜔௭ െ 𝑞ଷ𝜔௬ ൌ 𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭ 

2௡ௗ component (j-part of the result): 

 𝑞଴𝜔௬ െ 𝑞ଵ𝜔௭ ൅ 𝑞ଶሺ0ሻ ൅ 𝑞ଷ𝜔௫ ൌ 𝑞଴𝜔௬ ൅ 𝑞ଷ𝜔௫ െ 𝑞ଵ𝜔௭ 

3௥ௗ component (k-part of the result): 

 𝑞଴𝜔௭ ൅ 𝑞ଵ𝜔௬ െ 𝑞ଶ𝜔௫ ൅ 𝑞ଷሺ0ሻ ൌ 𝑞଴𝜔௭ െ 𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬ 

The right-hand side (excluding the 
ଵ

ଶ
) is the vector: 

𝑞 ⊗𝜔௣ ൌ ൮

െ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭
𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭
𝑞଴𝜔௬ ൅ 𝑞ଷ𝜔௫ െ 𝑞ଵ𝜔௭
𝑞଴𝜔௭ െ 𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬

൲ 

Now consider the right-hand side of the matrix-vector equation provided above 

(again, excluding the 
ଵ

ଶ
): ൦

𝑞଴ െ𝑞ଵ െ𝑞ଶ െ𝑞ଷ
𝑞ଵ 𝑞଴ െ𝑞ଷ 𝑞ଶ
𝑞ଶ 𝑞ଷ 𝑞଴ െ𝑞ଵ
𝑞ଷ െ𝑞ଶ 𝑞ଵ 𝑞଴

൪൮

0
𝜔௫
𝜔௬
𝜔௭

൲ 

Perform this matrix-vector multiplication as follows: 

Row 1 times the column vector: 
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ሺ𝑞଴ ⋅ 0ሻ ൅ ሺെ𝑞ଵ ⋅ 𝜔௫ሻ ൅ ሺെ𝑞ଶ ⋅ 𝜔௬ሻ ൅ ሺെ𝑞ଷ ⋅ 𝜔௭ሻ ൌ െ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ 

Row 2 times the column vector: 

ሺ𝑞ଵ ⋅ 0ሻ ൅ ሺ𝑞଴ ⋅ 𝜔௫ሻ ൅ ሺെ𝑞ଷ ⋅ 𝜔௬ሻ ൅ ሺ𝑞ଶ ⋅ 𝜔௭ሻ ൌ 𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭ 

Row 3 times the column vector: 

ሺ𝑞ଶ ⋅ 0ሻ ൅ ሺ𝑞ଷ ⋅ 𝜔௫ሻ ൅ ሺ𝑞଴ ⋅ 𝜔௬ሻ ൅ ሺെ𝑞ଵ ⋅ 𝜔௭ሻ ൌ 𝑞ଷ𝜔௫ ൅ 𝑞଴𝜔௬ െ 𝑞ଵ𝜔௭ 

Row 4 times the column vector: 

ሺ𝑞ଷ ⋅ 0ሻ ൅ ሺെ𝑞ଶ ⋅ 𝜔௫ሻ ൅ ሺ𝑞ଵ ⋅ 𝜔௬ሻ ൅ ሺ𝑞଴ ⋅ 𝜔௭ሻ ൌ െ𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬ ൅ 𝑞଴𝜔௭ 

Comparing the results from both methods: 

Component 0: 

െ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭ matches െ𝑞ଵ𝜔௫ െ 𝑞ଶ𝜔௬ െ 𝑞ଷ𝜔௭. 

Component 1: 

𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭ matches 𝑞଴𝜔௫ െ 𝑞ଷ𝜔௬ ൅ 𝑞ଶ𝜔௭. 

Component 2: 

𝑞଴𝜔௬ ൅ 𝑞ଷ𝜔௫ െ 𝑞ଵ𝜔௭ matches 𝑞ଷ𝜔௫ ൅ 𝑞଴𝜔௬ െ 𝑞ଵ𝜔௭ 

(terms are just reordered). 

Component 3: 

𝑞଴𝜔௭ െ 𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬ matches െ𝑞ଶ𝜔௫ ൅ 𝑞ଵ𝜔௬ ൅ 𝑞଴𝜔௭ 

(terms are just reordered). 
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71. As one can see, the components derived from the direct quaternion 

multiplication 𝑞 ⊗𝜔௣ are identical to the components derived from the matrix-

vector product.  The matrix  

൦

𝑞଴ െ𝑞ଵ െ𝑞ଶ െ𝑞ଷ
𝑞ଵ 𝑞଴ െ𝑞ଷ 𝑞ଶ
𝑞ଶ 𝑞ଷ 𝑞଴ െ𝑞ଵ
𝑞ଷ െ𝑞ଶ 𝑞ଵ 𝑞଴

൪ 

is thus simply a matrix representation of the left quaternion 𝑞 when performing a 

quaternion multiplication 𝑞 ⊗𝜔௣ where 𝜔௣ is treated as a column vector.  This is 

a standard way to express quaternion multiplication in linear algebra.  Thus, the 

right-hand side of Bassompiere’s equation 26 can be considered equivalent to the 

right-hand side of the matrix-vector multiplication equation above because the 

matrix formulation is a direct algebraic expansion of the quaternion multiplication 

rule. 

72. Turning now to Equation 22 of Bassompiere, ቮ
െsin θƹ ௞

ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cosθƹ ௞
ି

. cosѰƹ௞
ି

,  

a person of ordinary skill in the art would know how to derive the predicted 

acceleration of Bassompiere from quaternion form, i.e., from 𝑥̂௞
ି in quaternion 

form.  Bassompiere explains that Equation 22 is derived by multiplying a known 

rotation matrix for pitch and roll, R(θ, ψ), shown in Equation 17, by the gravity 

vector G0=[0 0 1] (i.e., y=measurementaccelero = R(θ, ψ).G0). (Ex. 1006, 18:6-11 
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(equation 17).)  The result of this calculation is that the rotation matrix reduces to 

its last column 

𝑅ሺ𝜃,𝛹ሻ ൌ ൥
𝑐𝑜𝑠 𝜃 0 െ𝑠𝑖𝑛 𝜃

𝑠𝑖𝑛 𝜃 . 𝑠𝑖𝑛 𝜓 𝑐𝑜𝑠 𝛹 𝑐𝑜𝑠 𝜃 . 𝑠𝑖𝑛𝛹
𝑠𝑖𝑛 𝜃 . 𝑐𝑜𝑠 𝛹 െ𝑠𝑖𝑛𝛹 𝑐𝑜𝑠 𝜃 . 𝑐𝑜𝑠 𝛹

൩ 

 

i.e., 

ቮ
െsin θƹ ௞

ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cos θƹ ௞
ି

. cosѰƹ௞
ି

, 

(Id. (emphasis added).) 

73. To determine the equivalent set of equations in quaternion form, a 

person of ordinary skill in the art would know to take a known rotation matrix in 

quaternion form and perform the same calculation: 

y=measurementaccelero = R(q).G0. 

Rotation matrices in quaternion form were known to persons of ordinary skill in 

the art.  Kim shows such a rotation matrix in quaternion form 

𝐶௢௕ ൌ ቎
2𝑞଴

ଶ െ 1 ൅ 2𝑞௝
ଶ 2𝑞௝𝑞ଶ ൅ 2𝑞଴𝑞ଷ 2𝑞ଵ𝑞ଷ െ 2𝑞଴𝑞ଶ

2𝑞ଵ𝑞ଶ െ 2𝑞଴𝑞ଷ 2𝑞଴
ଶ െ 1 ൅ 2𝑞ଶ

ଶ 2𝑞ଷ𝑞ଶ ൅ 2𝑞଴𝑞ଵ
2𝑞ଵ𝑞ଷ ൅ 2𝑞଴𝑞ଶ 2𝑞ଷ𝑞ଶ െ 2𝑞଴𝑞ଵ 2𝑞଴

ଶ െ 1 ൅ 2𝑞ଷ
ଶ

቏ 

 
(Ex. 1007, 270 (equation 7) (emphasis added).)  Performing the operation 

y=measurementaccelero = R(q).G0 described in Bassompiere on the quaternion form 

rotation matrix yields 
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ൌ ቎
2𝑞଴

ଶ െ 1 ൅ 2𝑞௝
ଶ 2𝑞௝𝑞ଶ ൅ 2𝑞଴𝑞ଷ 2𝑞ଵ𝑞ଷ െ 2𝑞଴𝑞ଶ

2𝑞ଵ𝑞ଶ െ 2𝑞଴𝑞ଷ 2𝑞଴
ଶ െ 1 ൅ 2𝑞ଶ

ଶ 2𝑞ଷ𝑞ଶ ൅ 2𝑞଴𝑞ଵ
2𝑞ଵ𝑞ଷ ൅ 2𝑞଴𝑞ଶ 2𝑞ଷ𝑞ଶ െ 2𝑞଴𝑞ଵ 2𝑞଴

ଶ െ 1 ൅ 2𝑞ଷ
ଶ

቏ ∗  ൥
0
0
1
൩ 

= ቎
2𝑞ଵ𝑞ଷ െ 2𝑞଴𝑞ଶ
2𝑞ଷ𝑞ଶ ൅ 2𝑞଴𝑞ଵ
2𝑞଴

ଶ െ 1 ൅ 𝑞ଷ
ଶ
቏ 

which is equivalent to 

ൌ  ቎
2ሺ𝑞ଵ𝑞ଷ െ 𝑞଴𝑞ଶሻ
2ሺ𝑞ଶ𝑞ଷ ൅ 𝑞଴𝑞ଵሻ
𝑞଴
ଶ െ 𝑞ଵ

ଶ െ 𝑞ଶ
ଶ ൅ 𝑞ଷ

ଶ
቏ 

As with the Euler angle form of the calculation, the result is that the predicted 

acceleration reduces to the last column of the rotation matrix. 

74. The equations for predicted acceleration are the same set of known 

equations for predicted acceleration presented in Equations 2 through 4 of the 

challenged ’687 patent. (Ex. 1001, 17:20-26, Equations 2-4.)  Patentee’s expert has 

admitted that these equations were known:  

Q. So Equation 2 is a calculation of a predicted acceleration 

along the x-axis?   

A. Yes.   

Q. And then Equation 3 is the predicted calculation acceleration 

along the y-axis?   

A. Uh-huh.   
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Q. And then Equation 4 is a prediction of -- predicted 

acceleration along the 11 z-axis?   

A. Yes.   

Q. Is what we’ve been talking about, are those well-known 

concepts, or were they well-known concepts at the time of the 

invention of the ’438 patent?  MR. RAFILSON: Objection.  

Form. 

A. The standard equations for -- the differential equation for the 

quaternion and the equations for computing these predicting 

accelerations are fairly well-known in the field. 

(Ex. 1015, 58:3–22; see generally id., 55:4–60:7 (testifying as to the related ’438 

patent).) 

75. As further confirmation, the Kim paper itself determined the predicted 

acceleration from quaternions as part of the measurement model (predicted 

acceleration) of the EFK.  (Ex. 1007, 270, Section III.B.)  The predicted 

acceleration is found as part of the measurement vector fIMU, which uses the 

“familiar direction cosine matrix” to secure the rotation matrix (Cb
o) from frame o 

to frame b, applied to gravity (g). (Id.)  The accelerometer measurements are 

modeled to account only the gravitational force as well as a stochastic error vector 

∇: 

𝑓ூெ௎ ≅ 𝐶௢௕  ൥
0
0

െ||g||ଶ
൩ ൅  ∇ 
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ൌ ||g||ଶ  ቎
െ2𝑞ଵ𝑞ଷ ൅ 2𝑞଴𝑞ଶ
െ2𝑞଴𝑞ଵ െ 2𝑞ଶ𝑞ଷ

െ 𝑞଴ଶ ൅  𝑞ଵଶ ൅ 𝑞ଶଶ െ 𝑞ଷଶ
቏ ൅ ∇   (13) 

Where ||g||2 is the magnitude of gravity 
 

(Ex. 1007, 270, equation 13 (emphasis added).)  Kim’s equation for the predicted 

acceleration from orientation in quaternion form is the same as the ’687 patent’s 

Equations 2 through 4 for predicted acceleration (Ax’, Ay’, Az’) when removing the 

negative, which Kim accords for gravity facing upward: 

2ሺ𝑞ଵ𝑞ଷ െ 𝑞଴𝑞ଶሻ ൌ  𝐴𝑥ᇱ 
2ሺ𝑞ଶ𝑞ଷ െ 𝑞଴𝑞ଵሻ ൌ  𝐴𝑦ᇱ 

𝑞଴ଶ െ 𝑞ଵଶ െ 𝑞ଶଶ ൅ 𝑞ଷଶ ൌ  𝐴𝑧ᇱ 
 
(Ex. 1001, 17:28-35, Equations 2-4.) 

െ2𝑞ଵ𝑞ଷ ൅ 2𝑞଴𝑞ଶ
െ2𝑞଴𝑞ଵ െ 2𝑞ଶ𝑞ଷ

െ 𝑞଴ଶ ൅  𝑞ଵଶ ൅ 𝑞ଶଶ െ 𝑞ଷଶ
 

(Ex. 1007 (Kim), 270, Equation 13.) 

 

76. We now arrive at Equation 23 of Bassompiere  

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱ 

This equation provides an updated state vector of pitch and roll angles 𝑥௞̂ as the a 

priori estimate of the state vector of the pitch and roll angles 𝑥̂௞
ି added to a 

correction 𝐾௞  ൭൥
𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱.  The correction is provided by multiplying the gain 

𝐾௞ by the difference (comparison) in measured and predicted acceleration.   
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77. A person of ordinary skill in the art would understand that the above 

EKF equation for 𝑥௞̂ would be presented in quaternion form as: 

qොk ൌ  qොk ̅  ⊗ ሺK௞൫z௞ െ ℎሺqොkሻ̅൯ 

Here, qොk is the upated quaternion. qොk ̅is the current quaternion, which we described 

above as being the solution to the differential equation  

𝑞ሶ ൌ  
1

2
 ተ

𝑞0
𝑞1
𝑞2
𝑞3

 ⦻ ተ

0
ω𝑥

ω𝑦
ω𝑧

  . 

Both qොk  and qොk ̅ are four-dimensional quaternion representing orientation.  The 

difference z௞ െ ℎሺqොkሻ̅ is the comparison between measured acceleration z௞(൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ ) 

and predicted acceleration in quaternion form (i.e., ℎሺqොkሻ̅ሻ, which, as described 

above, is ቎
2ሺ𝑞ଵ𝑞ଷ ൅ 𝑞଴𝑞ଶሻ
2ሺ𝑞ଶ𝑞ଷ െ 𝑞଴𝑞ଵሻ
𝑞଴
ଶ െ 𝑞ଵ

ଶ െ 𝑞ଶ
ଶ ൅ 𝑞ଷ

ଶ
቏ in quaternion form. 

78. The quaternion form EKF equation, like the Euler angle form 

Equation 23 of Bassompiere, determines the current quaternion by calculating a 

current orientation based on gyroscope readings (qොk ̅), which, as explained above, is 

the solution to the differential equation 

𝑞ሶ ൌ  
1

2
 ተ

𝑞0
𝑞1
𝑞2
𝑞3

 ⦻ ተ

0
ω𝑥

ω𝑦
ω𝑧

  ; 
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(Ex. 1006, 20:21 (equation 26); see also id., 6:3-7.)  Then, like in Equation 23 of 

Bassompiere, the current quaternion is rotated based on the correction provided by 

the Kk gain multiplied by the difference between measured and predicted 

acceleration (z௞ െ ℎሺqොkሻ̅ሻ.  As one of ordinary skill in the art would readily 

appreciate, the addition of a rotation in quaternion space is a quaternion 

multiplication (⊗) of current quaternion qොk ̅with the correction ൫z௞ െ ℎሺqොkሻ̅൯, 

whereas in Euler angle form as in Equation 21 of Bassompiere, the rotation was an 

addition of 𝑥௞̂
ି to the correction factor 𝐾௞  ൭൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱. 

79. Any person of skill in the art would appreciate and understand that for 

the dimensions of qොk ̅and z௞ െ ℎሺqොkሻ̅ to match in the quaternion EKF equation  

qොk ൌ  qොk ̅  ⊗ ሺK௞൫z௞ െ ℎሺqොkሻ̅൯ 

the Kalman gain Kk must be a 4×3 matrix.  In that way, the three-dimensional 

comparison of measured to predicted acceleration can be mapped to the four-

dimensional current quaternion qොk.̅  To this end, Bassompiere provides that the 

Kalman gain is multidimensional.  (Ex. 1006, 16:13-15 (equations 5-10), referring 

to the Kalman gain as “G”.)  Consequently, K௞൫z௞ െ ℎሺqොkሻ̅൯ results in a four-

dimensional vector that effectively represents a small rotation in quaternion space, 

just as 𝐾௞  ൭൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱  represents a correction in Euler angle form. The 
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quaternion multiplication ⊗ of that error and the current quaternion qොk,̅ results 

in the updated quaternion qොk. 

5. Converting Quaternions Back to Euler Angles 

80. As discussed above, a person of ordinary skill in the art would have 

been motivated to and would have been capable of using quaternions in equations 

21-23 of Bassompiere.  But equation 24, which I discuss in Section VIII.A.3 

above, utilizes the pitch and roll angles from Equation 23 in Euler angle format to 

derive the components ωv and ωw.   

81. Thus, a person of ordinary skill has two choices.  They can either 

convert equation 24 to use quaternions or they can convert the quaternion output of 

equation 23 into Euler angles, and use the Euler angles in equation 24.  A person of 

ordinary skill in the art would have been capable of computing ωv and ωw under 

either choice.   

82. A person of ordinary skill in the art would know how to convert the 

updated quaternion 𝑥௞̂ of equation 23, when in quaternion form, to Euler angle 

form.  As I noted earlier in my declaration at ¶26, patentee’s expert has admitted as 

much.  (Ex. 1016, 32:3-25.)  A person of ordinary skill in the art would have been 

motivated to convert the quaternion output of equation 23 to Euler angles because 

Euler angles are more intuitive, i.e., it is easier to understand and perceive the 

effect of an orientation change of an object in terms of Euler angles than 

Page 51 of 89



Declaration of Dr. Majid Sarrafzadeh 
U.S. Patent No. 11,698,687 

50 
 

quaternions.  (Ex. 1007, 271 (“The quaternion states were also decomposed into 

the more intuitive representation of roll, pitch, and yaw in Fig. 5”).) 

83. A person of ordinary skill in the art would know that rotation matrices 

could be used to perform the conversion from quaternion to Euler angles.  A 

rotation matrix is a well-known mathematical tool for representing and performing 

rotations in space, e.g., Euler angle or quaternion space.  A rotation matrix 

describes how to rotate an object to a new orientation from a starting orientation.  

In the case of quaternions, the rotation matrix defines how to rotate some given 

vector (e.g., described as a unit quaternion) to a new orientation.  In the case of 

Euler angles, the rotation matrix defines how to rotate some give given orientation 

described in pitch, roll and/or yaw to a new orientation. 

84. To convert a quaternion to a Euler angle form, a person of skill in the 

art would know to first convert the quaternion into a rotation matrix using some 

known quaternion-based rotation matrix.  Kim, as noted earlier, presents one such 

quaternion “rotation matrix transforming from frame o to frame b”, i.e., rotation of 

a unit quaternion from orientation o to b, as follows: 

𝐶௢௕ ൌ ቎
2𝑞଴

ଶ െ 1 ൅ 2𝑞௝
ଶ 2𝑞௝𝑞ଶ ൅ 2𝑞଴𝑞ଷ 2𝑞ଵ𝑞ଷ െ 2𝑞଴𝑞ଶ

2𝑞ଵ𝑞ଶ െ 2𝑞଴𝑞ଷ 2𝑞଴
ଶ െ 1 ൅ 2𝑞ଶ

ଶ 2𝑞ଷ𝑞ଶ ൅ 2𝑞଴𝑞ଵ
2𝑞ଵ𝑞ଷ ൅ 2𝑞଴𝑞ଶ 2𝑞ଷ𝑞ଶ െ 2𝑞଴𝑞ଵ 2𝑞଴

ଶ െ 1 ൅ 2𝑞ଷ
ଶ

቏ 
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(Ex. 1007, 270 (equation 7)).  One would substitute the values of the quaternion 

ሾ𝑞଴, 𝑞ଵ, 𝑞ଶ, 𝑞ଷሿ into the above to arrive at the quaternion form rotation matrix for the 

specified quaternion. 

85. Now the Euler angle (θ, ψ) must be extracted from the quaternion-

defined rotation matrix.  This is done by utilizing an Euler angle rotation matrix.  

Bassompiere presents a known rotation matrix for pitch and roll Euler angles, 

where the rotation matrix is defined as R(θ , ψ) meaning that the order of rotation 

is first pitch θ and then roll ψ:  

𝑅ሺ𝜃,𝛹ሻ ൌ ൥
𝑐𝑜𝑠 𝜃 0 െ𝑠𝑖𝑛 𝜃

𝑠𝑖𝑛 𝜃 . 𝑠𝑖𝑛 𝜓 𝑐𝑜𝑠 𝛹 𝑐𝑜𝑠 𝜃 . 𝑠𝑖𝑛𝛹
𝑠𝑖𝑛 𝜃 . 𝑐𝑜𝑠 𝛹 െ𝑠𝑖𝑛𝛹 𝑐𝑜𝑠 𝜃 . 𝑐𝑜𝑠 𝛹

൩ 

(Ex. 1006, 18:9).  By comparing the elements of the quaternion rotation matrix with 

the elements of the Euler angle rotation matrix R (θ,ψ), one can solve for the Euler 

angles.  Take a simple example where a person of skill in the art would need to focus 

only on the (1,1) position of each matrix, i.e., 𝑞଴
ଶ -1 + 𝑞ଵ

ଶ and cos θ.  Assume q0=1/2 

and q1=0.  Plugging those values into 𝑞଴
ଶ -1 + 𝑞ଵ

ଶ of the quaternion rotation matrix 

and comparing that to cos θ yields: 

2(1/4) – 1+0 = ½, or 

cos (θ) = ½.  

Because cos (π/3) = ½, θ is 60 degrees or π/3. 
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IX. THE PROVISIONAL ’558 APPLICATION  
 

86. The provisional ’558 application does not provide written support for 

several claim elements of the ’687 patent.   

87. The provisional ’558 application makes no mention of, and presents 

no equations using, quaternions.  All disclosure in the provisional ’558 application 

is described with respect to only Euler angles.  For example, the provisional ’558 

application discloses a “three-dimensional (3D) pointing device may refer to an 

input device applicable to be moved by a user in three or more dimensions in the 

space (e.g., air) in front of a screen (or monitor) to control a corresponding user 

interface by translating those motions done by the user with the 3D pointing device 

directly into commands acceptable by the user interface, for example, movement of 

a cursor on the screen.”  (Ex. 1014, ¶0002.)  To accomplish the translation of 

pointer movement to movement of a cursor on the screen, the provisional ’558 

application describes  the 3D point device as including “an accelerometer (g-

sensor) and a gyroscope, wherein the accelerometer is used to detect/measure the 

acceleration of the 3D pointing device in a specific direction(s) (e.g., the three axis 

directions), and the gyroscope is used to measure the rotation (e.g., the rotation 

rate) of the 3D pointing device.” (Id., ¶0003.)  The provisional ’558 describes the 

rotations of the gyroscope as “tilt angles.” (Id., ¶¶0010, 0011, 0028, 0029.)  The 

provisional ’558 application also refers to tilt angels as “rotation angles.”  (Id., 
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¶0029 (“Referring to FIG. 2A, rotation (tilt) angles θx and θy may be calculated by 

Ax and Ay signals”).)  With respect to accelerometer data, the ’558 provisional 

application similarly describes “tilt angles calculated from measuring results of an 

accelerometer.” (Id., ¶30.)  The ’558 provision application never converts, or 

suggests conversion or use of, quaternions to represent the orientation of the 

pointer. 

88. Further, the ’558 provisional application does not describe or suggest 

the use of quaternions for the sensor fusion algorithms that combine the sensor 

measurements.  For example, the sensor fusion algorithm, described in Figures 5A 

and 5B performs its calculations (represented in the boxes shown below) using 

Euler angles, not quaternions:   
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(Id., FIGS.5A, 5B, ¶0040.)   

89. Further, the provisional ’558 application does not describe a 

comparison of a predicted axial accelerations and measured axial accelerations.  

For example, the ’558 provision application describes the algorithms of Figures 5A 

and 5B in only the most general terms as using “tilt measured by the accelerometer 

to compensate x-gyro drift and monitor cursor vertical range.”  (Id., FIGS.5A, 5B, 

¶0040.)  Nowhere in the specification or drawings does the ’558 provisional 

application describe the details of that algorithm, let alone to the level that would 

indicate that predicted axial accelerations and measured axial accelerations should 

be compared.   
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X. CONCLUSION   

90. I declare that all statements made herein of my knowledge are true, 

and that all statements made on information and belief are believed to be true, and 

that these statements were made with the knowledge that willful false statements 

and the like so made are punishable by fine or imprisonment, or both, under 

Section 1001 of Title 18 of the United States Code. 

 

 

Dated:  May 30, 2025     By: ________________________ 
 

               Majid Sarrafzadeh 
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APPENDIX 

’687 Patent 
Claim Element 

Prior Art Analysis 

Claim 1 
[1.pre] “1. An 
electronic device 
subject to 
movements and 
rotations in a 
spatial reference 
frame, 
comprising:” 

 Bassompiere discloses this limitation.  Bassompiere 
describes “a [pointer] device for pointing by a user at a mobile 
element in a plane surface.”  (Ex. 1006, 4:1–12, 8:24-25, 
FIGS. 1, 2.)  As shown in Figure 1, the pointer “has the shape 
and appearance of a television remote control, i.e., it is of 
elongate form, able to be held in the user’s hand.”  (Id., 8:25–
27, FIG. 1.)  The pointer includes a gyroscope (20) and 
accelerometer (30).  (Id., FIG. 1.)  The pointer is an 
“electronic device.”4  
 

 
 

(Id., FIG, 2.)   
 
 The pointer is subject to “movements and the 
rotations in a spatial reference frame,” i.e., the reference 
frame XYZ of the pointer 10.  (Id., 10:21–22 (“the MEMS 
module will be situated near the center of gravity of the 
pointing device.”); see also id., 12:14–15 (“The 
accelerometric and gyrometric sensors respectively return 

 
4  Claim language is bolded and underlined in the analysis of the prior art.   
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measurements noted (aX,aY,aZ) and (ω௫ .ω௬
⬚) in the frame 

of reference (XYZ) of the pointing device.”) (emphasis 
added).  Bassompiere further describes the accelerometer 30 
as:  

at least one second sensor (30) for 
measuring the linear movements of 
said device along said two axes (Y, 
Z) and a third orthogonal axis (X), a 
module (40) for calculating the 
displacements (y, z) to be imparted 
to the mobile element in the plane 
surface as a function of the 
displacements (X, Y, Z) of the 
pointer in space 

(Id., 27:4-8 (emphases added).) 
 
 As discussed above in Section VII, “spatial reference 
frame” means “a reference frame associated with a 3D 
pointing device, which always has its origin at the same 
point in the device and in which the axes are always fixed 
with respect to the device.”  As shown in Figure 2 of 
Bassompiere, the reference frame XYZ of the pointing 
device has a fixed point of origin where the X, Y, and Z axes 
meet.  Indeed, the XYZ frame is the “reference frame of the 
[pointer]” and thus, would be expected to be fixed with 
respect to the pointer device.  (Id., 10:32-11:1.)   
 

Further, Bassompiere states that the accelerometer 
and gyroscopes respectively return “measurements noted 
(aX,aY,aZ) and (ω௫ .ω௬

⬚) in the frame of reference (XYZ) of 
the pointing device.”  (Id., 12:14–15.)  The “movements and 
the rotations” of the electronic device are therefore “in a 
spatial reference frame.” 
 

[1.a] “a motion 
sensor module 
having sensor 
circuitry 

 Bassompiere discloses this limitation.  Bassompiere 
discloses that the pointer has an angular velocity sensor 20 
(“rotation sensor”) and a linear acceleration sensor 30 
(“accelerometer”).  (Ex. 1006 at 9:24–25, 10:17–21, FIG. 1.)  
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configured to 
generate 
measured angular 
velocities and 
measured axial 
accelerations; 
and” 

   
(Id., FIG. 1.) 
 
 Bassompiere explains that the angular velocity sensor 
20 (also referred to as a “gyrometer”) (id., 9:25–29) has 
“sensor circuitry configured to generate measured 
angular velocities”:   

angular velocity sensors 20 have the 
function of measuring the rotations 
of the pointer in relation to two or 
three axes.  These sensors will 
preferably be gyrometers.  It may be 
a two-axis gyrometer or a three-axis 
gyrometer.  . . .  It is, for example, 
possible to use the gyrometers 
provided by Analog Devices with 
the reference ADXRS300.  But any 
sensor capable of measuring 
angular rates or velocities is usable. 

(Id., 9:23–30.)  Linear acceleration sensor 30 has “circuitry 
configured to generate measured axial accelerations.” (Id., 
10:14–17 (“The compensation sub-module recovers as input 
the outputs from a second sensor 30 which measures the linear 
accelerations of the pointer ax, ay, az. Preferably, the sensor 
30 is a three-axis accelerometer.”).)   
 
 The gyroscope and accelerometer are part of the same 
“motion sensor module.”  (Id., 10:17–21 (“the sensors 20 
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and 30 are both produced by MEMS (Micro Electro 
Mechanical Systems) technology, optionally within one 
and the same circuit (for example, reference accelerometer 
ADXL103 from Analog Devices, LIS302DL from Thomson, 
reference gyrometer MLX90609 from Melixis, ADXRS300 
from Analog Devices).”) (emphasis added).)   
 

[1.b] “a 
computing 
processor having 
processor 
circuitry 
configured to 
calculate a 
resulting 
deviation 
associated with 
the movements 
and the rotations 
of the electronic 
device in the 
spatial reference 
frame by 
performing the 
following in 
sequence:” 

Bassompiere discloses this limitation.  As shown in 
FIG. 1, pointer 10 includes a compensation sub-module 50, 
which is a microprocessor that is programmed to determine 
how the pointer orientation has changed, and is therefore a 
“computing processor.”  Specifically, compensation sub-
module 50 comprises a “microprocessor” that 
“compensate[es] for the torsion imparted to the pointer by 
the user.”  (Ex. 1006, 9:15–20 (emphases added).)  The “the 
torsion compensation operation is performed in two steps, a 
step 1 of estimating the angles θ and ψ of pitch and of roll by 
an EKF . . . .”  (Id., 15:3–7; see also id., 4:11–21.)  Thus, the 
compensation sub-module 50 calculates angles θ and ψ of 
pitch and of roll, respectively.   

 
The angles θ and ψ, which are calculated by the 

“computing processor,” are “resulting deviation associated 
with the movements and the rotations of the electronic 
device in the spatial reference frame” because they 
represent the deviation in angular terms of the pointing 
device’s reference frame (XYZ) from a reference frame (uvw) 
of the user’s limb, as the user moves and rotates the pointing 
device.  (Id., FIG. 2, FIG. 3, 10:30–11:6, 11:31–12:9.)  For 
example, when the two reference frames are aligned, “the 
pitch and roll angles are zero.”  (Id., 11:21–24.)  A non-zero 
“roll and/or pitch angle[]” indicates that the “reference frames 
(uvw) and (XYZ) are not aligned.”  (Id., 11:31–12:9.)  
Calculating roll and pitch angles thus allows correlating 
angular velocities determined in the XYZ reference frame to 
the uvw reference frame, which allows calculating “the 
displacement of the mobile element on the screen (dy and dz).”  
(Id., 11:25–12:9.) 
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The process of Bassompiere that maps to elements 
[1.c] through [1.g] are performed “in sequence” as described 
below and earlier in my report. 

 
[1.c] “providing a 
previous 
quaternion 
corresponding to 
time T−1 based 
on the measured 
axial 
accelerations 
corresponding to 
time T−1 and the 
measured angular 
velocities 
corresponding to 
time T−1, 
without using the 
measured angular 
velocities 
corresponding to 
time T;” 

Bassompiere discloses or suggests this limitation. 
Claim elements [1.c] through [1.g] describe the calculations 
performed for one loop, i.e., the present loop at time T, of the 
EKF algorithm described in the ’687 patent.  (See above 
Section IX.A.1.iv-viii.)  The output of the loop is a quaternion, 
and related angular deviations, that describe how the 
electronic device is oriented in three-dimensional space.  The 
output of any given loop at time T-1 becomes the input of the 
next loop, i.e., the present loop, at time T, as the previous 
quaternion. 

 
Claim element [1.c] is the first step in the loop (at 

present time T), and begins by referencing the “previous 
quaternion,” i.e., the output of the previous loop’s operation 
(at time T-1), which provides the orientation of the electronic 
device at time T-1. 

 
Bassompiere discloses limitation [1.c] as follows.  To 

estimate the pitch angle θ and roll angle ψ by an EKF, 
Bassompiere defines the angles θ and ψ as a state vector.  (Ex. 
1006, 17:5–6 (“the state vector chosen to solve the problem is: 
x=[θ ψ].  Where θ and ψ are respectively the pitch and roll 
angles.”); see also id., 28:3–5.)  In particular, Bassompiere 
discloses using the state vector 𝑥௞̂ିଵ

ି  from the previous 
iteration k-15 (represented by the pitch and roll angles from 

 
5 Bassompiere describes operations in the present loop with the time index “k,” 

rather than the time index of “T” or “t”, and describes operation in the preceding 

past loop as “k-1” instead of “T-1” or “t-1”.  A person having ordinary skill in the 
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the previous iteration ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ) (“providing a previous 

quaternion corresponding to time T-1”) to calculate an 
estimate of the state vector in the current loop at time k, as 
seen in equation 21 (reproduced below).  (Id., 19:1–3; see also 
id., 4:20–26, 28:9–13.) 

𝑥̂௞
ି ൌ  ቆ

Ѳƹ ௞
ି

Ѱƹ௞
ିቇ ൌ  ቆ

Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘  ቆ
𝛼ඥω௬

ଶ ൅  ω௭
ଶ

ω௫
ቇ  

(Id., 19:1-3 (equation 21) (emphasis added).) 
 

As shown in equation 21 above, the state vectors 𝑥௞̂
ି and 

𝑥̂௞ିଵ
ି  include the pitch and roll angles in Euler angle form.  But 

Bassompiere explains that the state vector can instead be a 
quaternion:   

A first variant embodiment consists 
in replacing the angles of torsion θ 
and ψ by a quaternion formulation 
of the same torsion.  This variant 
exhibits the advantage of avoiding 
the computations of the sines and 
cosines of the pitch and roll angles 
that are greedy in terms of 
computational power. 

(Id., 20:10–19; see also id., 27:13–14 (claim 1) (“its state 
vector comprises at least one torsion representation chosen 
from the group Euler angles, quaternions”).)  The benefits of 
using quaternions over Euler angles was well-known.  (See 
Ex. 1007, 269-270 (“For modeling the rotational motion, 
quaternions are used rather than direction cosines and Euler 
angles because the quaternion representation does not have a 
problem with singularities; handles normalization better; and 
exchanges the bulky trigonometry of Euler angles with 
multiplication and addition  . . . .”).)   

 
art would understand k and T or t to be equivalent for purposes of the present 

analysis. 
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A person of ordinary skill in the art would have been 
motivated to modify equation 21 to include quaternions 
instead of Euler angles.   In such a modification, the state 
vectors the state vectors 𝑥̂௞

ି and 𝑥̂௞ିଵ
ି  would have been 

represented using quaternions.  A person of ordinary skill in 
the art would have a reasonable expectation of success in 
using quaternions (as opposed to Euler angles) because 
quaternions had been successfully used by persons of skill in 
the art with sensor fusion algorithms, such as extended 
Kalman filters, to achieve computations efficiencies in real 
time applications with gyroscope and accelerometers.  (See, 
e.g., Ex. 1007, p. 1-3.)  Also, Patent Owner’s expert in IPR 
proceedings for the related ’438 patent and ’978 patent 
admitted that quaternions “would be known to someone of 
ordinary skill in the art.”  (Ex. 1013, p. 44.)  The PTAB 
consequently found that “knowledge of quaternion 
mathematics [was] within the level of ordinary skill.”  (Id., pp. 
44–45.)   

Notably, Bassompiere uses a quaternion formulation to 
obtain a current quaternion based on a previous quaternion 
and the current angular velocities.  Specifically, Bassompiere 
discloses utilizing a previous quaternion (qo, q1, q2, q3) in 
conjunction with the angular velocities from the current time 
to estimate a state vector at the current time, i.e., 𝑞ሶ  (“current 
quaternion”).  (Ex. 1006, 20:10-25 (equation 26); see also 
id., 6:3-8, 30:1-5.)   

𝑞ሶ ൌ  
1

2
 ተ

𝑞0
𝑞1
𝑞2
𝑞3

 ⦻ ተ

0
ω𝑥

ω𝑦
ω𝑧

  ; 

 
(Id., 20:10–25 (equation 26).)  A person of ordinary skill in 
the art would have understood that equation 26 is a quaternion 
form representation of equation 21.  This is explained further 
below with reference to claim element [1.d].  I also explain 
this in detail earlier in my declaration at VIII.A.4. 
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The previous quaternion of Bassompiere is provided 
“without using the measured angular velocities 
corresponding to time T.”  Though angular velocities 
corresponding to time T (ωX, ωY and ωZ) are later used to 
secure the current quaternion, the previous quaternion is 
provided from the prior loop (T-1) without any reference to 
the current angular velocity readings. Because each loop of 
the EKF uses measured acceleration at time T (element [1.f] 
and [1.g] below) and measured angular velocities at time T 
(element [1.d] below), the previous quaternion is “based on 
the measured axial accelerations corresponding to time 
T−1 and the measured angular velocities corresponding 
to time T−1”.  
 

[1.d] “converting 
measured angular 
velocities 
corresponding to 
time T, based on 
the previous 
quaternion, into a 
current 
quaternion 
corresponding to 
time T, without 
using measured 
axial 
accelerations 
corresponding to 
time T;” 

Bassompiere discloses or suggests this limitation.  The 
a priori estimate of the state vector, 𝑥̂௞

ି  (“current 
quaternion”), is calculated by adding the pitch and roll angles 

from the previous iteration k-1, i.e., ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ (“based on the 

previous quaternion”), to the gyroscope readings (ωX, ωY and 
ωZ) (“converting measured angular velocities 
corresponding to time T”) multiplied by a sampling period 
Te as follows: 

𝑥௞̂
ି ൌ  ቆ

Ѳƹ ௞
ି

Ѱƹ௞
ିቇ ൌ  ቆ

Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘  ቆ
𝛼ඥω௬

ଶ ൅  ω௭
ଶ

ω௫
ቇ 

(Ex. 1006, 19:3 (equation 21); see also id., 4:23-26, 28:13.)  
As evident from the equation above, this conversion of 
measured angular velocities to a current quaternion does not 
require the use of measured acceleration at time k (“without 
using the measured axial accelerations corresponding to 
time T”).   
 

While equation 21 above utilizes Euler angles to 
represent the state vector, a person of ordinary skill would 
have been motivated to use quaternions in place of Euler 
angles, as discussed above for element [1.c] and as I discuss 
earlier in my declaration at VIII.A.4.  One way of utilizing the 
current angular velocities and a previous quaternion (i.e., 
quaternion from the last loop) to estimate a current quaternion 
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is set forth in Bassompiere in short-hand form in equation 26 
(reproduced below).   

 

𝑞ሶ ൌ  
1

2
 ተ

𝑞0
𝑞1
𝑞2
𝑞3

 ⦻ ተ

0
ω𝑥

ω𝑦
ω𝑧

  ; 

 
(Id., 20:20-23 (equation 26); see also id., 6:3–7, 30:1-5.)  In 
the above equation, ωX, ωY and ωZ are the current angular 
angular velocities in three dimensions (X, Y, Z) in the sensor 
frame in the present loop of the EKF (“measured angular 
velocities corresponding to time T”).6  The “previous 
quaternion” is represented by the vector q = (q0, q1, q2, q3).  
The solution to the differential equation is “converting 
measured angular velocities corresponding to time T, 
based on the previous quaternion, into a current 
quaternion corresponding to time T.”  The solution thus 
yields the “current quaternion.”  As I explain in full above 
in Section VII.A.4, Equation 1 of the challenged ’687 patent 
is written in expanded form, but otherwise presents a similar 
equation for deriving the current quaternion from the previous 
quaternion using the measured angular velocities at time T: 

⎣
⎢
⎢
⎢
⎡
𝑞ሶ଴
𝑞ሶଵ
𝑞ሶଶ
𝑞ሶଷ⎦
⎥
⎥
⎥
⎤
ൌ  

1
2

 ൦

0
ω௫
ω௬
ω௭

 

–ω௫
0

–ω௭
    ω௬

 

–ω௬
  ω௭

0
–ω௫

 

–ω௭
–ω௬
ω௫
0

൪  ቎

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

቏ 

 
(Ex. 1001, equation 1, 16:57-63.)  

[1.e] “converting 
variables of the 
current 
quaternion into 

Bassompiere discloses or suggests this limitation.  
Bassompiere determines an “a priori estimation of the 
[acceleration] measurement” (“predicted axial accelerations 
corresponding to time T”) based on the a priori estimation 

 
6 Bassompiere also teaches the conversion of the gyroscope readings taken in only 

two directions (i.e., without ωX).  (Id., 20:21–21:1.) 
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predicted axial 
accelerations 
corresponding to 
time T, which is 
associated with 
the pitch and roll 
angles of the 
electronic device 
and without being 
associated with 
the yaw angle of 
the electronic 
device;” 

of the state vector (“variables of the current quaternion”).  
(Ex. 1006, 19:4–5; see also id., 28:15–17.)  This a priori 
estimation of the [acceleration] measurement is determined in 
time step k and calculated as follows using the pitch and roll 

angles of the current quaternion (Ѳƹ ೖ
ష

Ѱƹೖ
ష) (“associated with the 

pitch and roll angles of the electronic device”): 

ŷ௞
ି ൌ  ቮ

െsin θƹ ௞
ି

cos θƹ ௞
ି

. sinѰƹ௞
ି

cos θƹ ௞
ି

. cosѰƹ௞
ି

 

 
(Id., 19:4–5 (equation 22); see also id., 4:27-5:1, 28:15–17 

(claim 8).)  In the above equation, the (Ѳƹ ೖ
ష

Ѱƹೖ
ష) variables of 𝑥̂௞

ି 

(“variables of the current quaternion”), which as explained 
above were determined using measured angular velocities 
corresponding to time T based on the previous quaternion, are 
used to determine the predicted axial accelerations 𝑦̂௞

ି.  This 
process uses pitch and roll angles only, but does not use yaw 
angles (“without being associated with the yaw angle of the 
electronic device”).  
 

Further, as noted above, Bassompiere teaches a person 
of ordinary skill in the art to substitute quaternions for Euler 
angles, such that the a priori estimation of the [acceleration] 
measurement 𝑦̂௞

ି (“predicted axial accelerations”) can be 
rendered from the 𝑥̂௞

ି in quaternion form (“variables of the 
current quaternion corresponding to time T”) as described 
by Bassompiere:   

 
A first variant embodiment consists 
in replacing the angles of torsion 
θ and ψ by a quaternion 
formulation of the same torsion.  
This variant exhibits the advantage 
of avoiding the computations of the 
sines and cosines of the pitch and 
roll angles that are greedy in terms 
of computational power. 
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(Id., 20:10–19 (emphasis added).) 
 

To confirm that Bassompiere discloses the 
determination of predicted acceleration from quaternion form 
to a person of ordinary skill in the art, and that such a 
determination was well within the grasp of a person of 
ordinary skill in the art, Patent Owner admitted that the 
Equations 2 through 4 of the ’687 patent, which show explicit 
quaternion-form calculations for determining predicted 
acceleration, were known in the art:  

Q. So Equation 2 is a calculation of 
a predicted acceleration along the x-
axis?   

A. Yes.   

Q. And then Equation 3 is the 
predicted calculation acceleration 
along the y-axis?   

A. Uh-huh.   

Q. And then Equation 4 is a 
prediction of -- predicted 
acceleration along the 11 z-axis?   

A. Yes.   

Q. Is what we’ve been talking 
about, are those well-known 
concepts, or were they well-known 
concepts at the time of the invention 
of the ’438 patent?  MR. 
RAFILSON: Objection.  Form.   

A. The standard equations for – the 
differential equation for the 
quaternion and the equations for 
computing these predicting 
accelerations are fairly well-known 
in the field. 

(Ex. 1015, 58:3–22; see generally id., 55:4–60:7 (testifying as 
to the related ’438 patent).)  
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A person of ordinary skill in the art would know how to 
derive the predicted acceleration of Bassompiere in 
quaternion form using 𝑥̂௞

ି in quaternion form, as the input.  As 
I explained in detail earlier in my declaration (Section 
VIII.A.4), the formulas for doing so were already known in 
the art (e.g., in Ex. 1007, 270 (equation 13)) and could be 
readily derived using quaternion rotation, a basic 
mathematical operation used with quaternions.  That 
operation would yield the exact same formulas as Equations 2 
through 4 in the challenged ’687 patent: 

቎
2ሺ𝑞ଵ𝑞ଷ ൅ 𝑞଴𝑞ଶሻ
2ሺ𝑞ଶ𝑞ଷ െ 𝑞଴𝑞ଵሻ
𝑞଴
ଶ െ 𝑞ଵ

ଶ െ 𝑞ଶ
ଶ ൅ 𝑞ଷ

ଶ
቏ 

(See Ex. 1001, 17:30-34 (equations 2-4).)  As I further 
explained earlier in my declaration at Section VIII.A.4, this 
derivation of the predicted axial acceleration in quaternion 
form is done using known quaternion relations with a gravity 
frame of reference and known quaternion mathematics.  In the 
above formula, qo, q1, q2, and q3 correspond to the quaternion 
equivalent of 𝑥̂௞

ି. 
[1.f] “comparing 
the predicted 
axial 
accelerations 
with the 
measured axial 
accelerations 
corresponding to 
time T to obtain a 
first comparison 
result;” 

Bassompiere discloses or suggests this limitation. 
Bassompiere teaches the subtraction of 𝑦̂௞

ି (“predicted axial 

accelerations”) from ൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ at time k (“measured axial 

accelerations corresponding to time T”), where the 
subtraction constitutes a “comparison” of predicted axial 
acceleration and measured axial accelerations at time T as part 
of the EKF process equation: 

𝑥௞̂ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱ 

 
(Ex. 1006, 19:8–9 (equation 23) (emphasis added); see also 
id., 5:4–6, 29:10–14 (claim 10).)  Bassompiere describes the 
comparing process as “the correction of the state estimated a 
priori at sampling step k.” (Id., 5:4–61; see also id., 9:8–9.)  
In Bassompiere, the difference between the predicted axial 
accelerations and measured axials accelerations (“first 
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comparison result”) is multiplied by a gain (Kk), which is 
determined using equation 5 through 9 of Bassompiere.  (Id., 
19:6–9, 16:10–17:4.)  The gain acts as a correction that 
accounts for covariances of the modeling and measurement 
noise to determine which of the predicted axial accelerations 
(which are derived from the measured angular velocities taken 
from the gyroscope reading) or the measured axials 
accelerations (which are read from the accelerometer) should 
be more trusted and to what degree.  (Id., 5:2–6, 13:20–32, 
20:2–6, 28:18–29:9.)  This process of “comparison” is what 
the specification of the ’867 patent describes as “utilizing 
signals generated by motion sensors while reducing or 
eliminating noises associated with said motion sensors.”  (Ex. 
1001, 2:43-49.) 
 
 The patentee has admitted (and I agree) that the EKF 
equations, like that disclosed in Bassompiere (e.g., Ex. 1006, 
16:10–17:4) and those discussed in the ’687 patent (Ex. 1001, 
17:61–18:38, equations 5–11) were “basic” and “standard”:  

[Q.] So Equations 1 through 4 are 
sort of my process for getting 
current state and predicted 
accelerations, and then Equations 5 
through 11 are the Kalman filter? 

[A.] those -- that piece right there 
will give you data that is necessary 
to put into Equations 5 through 11, 
which are the basic equations of the 
extended Kalman filter.  . . .  So 
those pieces, then, can be put into 
the, quote/unquote, main equations 
of the extended Kalman filter to get 
the comparison and to calculate the 
third quaternion, which essentially 
fuses all of these information 
together.   
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Q. And that main equation is 5 
through 11?   

A. Yeah.  Standard --   

Q. And that’s just a framework?  

A. Yes. 

(Ex. 1015, 62:2–63:9 (testifying as to the same equations in 
the related ’438 patent (Ex. 1009, 13:44–14:23)).) 

 While Bassompiere’s equation 23 involves Euler 
angles, a person of ordinary skill in the art would have been 
motivated to utilize quaternions in place of Euler angles.  
This is explained further below in my analysis for claim 
element [1.g] and in more detail earlier in my declaration at 
Section VIII.A.4. 

[1.g] “obtaining 
an updated 
quaternion 
associated with 
time T based on 
the current 
quaternion and 
the first 
comparison 
result;” 

Bassompiere discloses or suggests this limitation.  
Returning to equation 23, 𝑥௞̂ is the “updated quaternion” in 
Euler angle form: 

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱ 

(Ex. 1006, 19:8–9 (equation 23) (emphasis added); see also 
id., 5:5-6, 28:9–13.)  Bassompiere describes 𝑥௞̂ (“updated 
quaternion”) as the “correction of the a priori estimated 
state” (Id., 19:8–9), which is calculated at time k as indicated 
by the subscript k (“associated with time T”).  (Id., 29:2–5 
(“correction of the state estimated a priori in the sampling 
step k of the Kalman filter.”) (emphasis added).)  Thus, 
solving the above equation gives the “updated quaternion 
associated with time T.”  
 

𝑥̂௞ (“updated quaternion”) is “based on the current 
quaternion,” 𝑥̂௞

ି, at least for the reason that the 𝑥௞̂
ି (“current 

quaternion”) is an explicit part of the equation for calculating 
𝑥̂௞ (“current quaternion”):  

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱ 
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(Id. 19:8–9 (equation 23) (emphasis added); see also id., 29:2–
5.) 
 

𝑥̂௞ (the “updated quaternion”) is also “based on . . . 
the first comparison result,” (i.e., the difference between the 

measured axial acceleration ൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ and the predicted 

acceleration 𝑦̂௞
ି) described in claim element [1.f] and shown 

in the EKF equations as highlighted below: 

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱ 

 
(Id. 19:8–9 (equation 23) (emphasis added); see also id., 5:5-
6, 29:2–5; see also element [1.f] above.) 

 A person of ordinary skill in the art would have been 
motivated to perform the calculations of equation 23 using 
quaternions instead of Euler angles.  The ’687 patent does not 
explain how quaternions would have been used to obtain an 
“updated quaternion.”  But Patent Owner’s expert has testified 
that equations 5-11 in the ’687 patent correspond to step 735 
(which is the step that obtains the “updated” quaternion) and 
were “known in the art.”  (Ex. 1012 at 11-12.)   

As I explained earlier in my declaration at Section 
VIII.A.4, following Bassompiere’s instruction to utilize 
quaternions instead of Euler angles, a person of ordinary skill 
in the art would have known that the above EKF equation for 
𝑥௞̂ (Ex. 1006, 19:9 (equation 23)) could be presented in 
quaternion form as: 

qොk ൌ  qොk ̅  ⊗ ሺK௞ሺz௞ െ ℎሺqොkሻ̅ሻሻ 
where qොk is the updated quaternion, qොk ̅ is the current 
quaternion, and z௞ െ ℎሺqොkሻ̅ represents the difference or 

comparison between measured acceleration z௞( ൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ ) and 

predicted acceleration in quaternion form 
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቎
2ሺ𝑞ଵ𝑞ଷ ൅ 𝑞଴𝑞ଶሻ
2ሺ𝑞ଶ𝑞ଷ െ 𝑞଴𝑞ଵሻ
𝑞଴
ଶ െ 𝑞ଵ

ଶ െ 𝑞ଶ
ଶ ൅ 𝑞ଷ

ଶ
቏.  (See also element [1.e] above 

regarding predicted acceleration in quaternion form).)  I 
explained that this is the same equation performing the same 
operation as Equation 23 of Bassompiere, except that it 
utilizes quaternions instead of Euler angles in the manner 
known by a person of ordinary skill in the art, just as 
Bassompiere recommends.   

 Any person of skill in the art would appreciate and 
understand that for the dimensions of qොk ̅ and z௞ െ ℎሺqොkሻ̅ to 
match, the Kalman gain Kk must be a 4×3 matrix. In that way, 
the three-dimensional comparison of measured to predicted 
acceleration can be mapped to the four-dimensional current 
quaternion qොk.̅  To this end, Bassompiere provides that the 
Kalman gain is multidimensional.  (Id., 16:13–15 (equations 
5–10 (referring to the Kalman gain as “G”).)  Consequently, 
K௞൫z௞ െ ℎሺqොkሻ̅൯ results in a four-dimensional vector that 
effectively represents a small rotation in quaternion space, just 

as 𝐾௞  ൭൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱  represented a correction in Euler angle 

form.  The quaternion multiplication ⊗ of that error and the 
current quaternion qොk,̅ results in the updated quaternion qොk.  

[1.h] using the 
updated 
quaternion as a 
next occurrence 
of the previous 
quaternion; and 

𝑥̂௞ (“updated quaternion”) becomes the “previous 

quaternion,” i.e., 

𝑞଴
𝑞ଵ
𝑞ଶ
𝑞ଷ

 or Ѳƹ ೖషభ
Ѱƹೖషభ

, in the “next occurrence” (next 

loop k) in the equations for determining the current 
quaternion: 

𝑞ሶ ൌ  
1

2
 ተ

𝑞0
𝑞1
𝑞2
𝑞3

 ⦻ ተ

0
ω𝑥

ω𝑦
ω𝑧

   

(Ex. 1006, 20:21 (equation 
26) (emphasis added).)   

𝑥̂௞
ି ൌ  ቆ

Ѳƹ ௞
ି

Ѱƹ௞
ିቇ ൌ  ቆ

Ѳƹ ௞ିଵ
Ѱƹ௞ିଵ

ቇ ൅  𝑇௘

 
(Id., 19:3 (equation 21) (emphas
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[1.i] providing 
the resulting 
deviation based 
on the updated 
quaternion; 

 Bassompiere discloses or suggests this limitation.  
Bassompiere teaches that after “step 1 of estimating the angles 
θ and ψ of pitch and of roll by an EKF . . . a step 2 of 
computing the angular rate components ωv, ωw, related to the 
displacement of the mobile element with respect to the 
frame of reference of the user” is performed.  (Ex. 1006, 
15:3–7 (emphasis added).)  “Step two” is performed by using 
the pitch and roll angles of ሺ𝜃,Ѱሻ from equation 23 to derive 
ωv and ωw as follows: 

ቊ
𝜔௩ ൌ 𝑐𝑜𝑠𝜓෠.𝜔ఊ െ 𝑠𝑖𝑛𝜓෠.𝜔௭                                                

𝜔௪ ൌ െ𝑠𝑖𝑛𝜃෠.𝜔௫ ൅ 𝑐𝑜𝑠𝜃෠. 𝑠𝑖𝑛𝜓෠.𝜔௬ ൅ 𝑐𝑜𝑠𝜃෠. 𝑐𝑜𝑠𝜓෠.𝜔௭
  

 
(Ex. 1006, 19:10–11 (equation 24); see also id., 5:7-10, 29:6–
9 (claim 11).)  This is further illustrated in FIG. 6, where 
Bassompiere shows ωv and ωw as the output of a “step 2” 
process, where the input to the step 2 process includes the 
pitch and roll angles (θ ψ) and the output of the step 2 process 
is ωv and ωw calculated using Equation 24 above (using Euler 
angles). 

 
Thus, a person of ordinary skill in the art would 

understand that if the output of Bassompiere’s equation 23 is 
a quaternion representing the pitch and roll angles, such a 
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quaternion would then be translated into pitch and roll angles 
in Euler angle format for use in equation 24, as I explained 
above in Section VIII.A.5.  For example, 𝑥̂௞ (“updated 
quaternion”) would be transformed to provide the pitch and 
roll angles (“resulting deviation”) in Euler angle form.7  
Indeed, 𝑥̂௞is merely a state vector in terms of pitch and roll 
angles.  (Ex. 1006, 19:1-3, 19:8-9; see also id., FIG. 6 (output 
of step 1), 17:5–6 (“In a first embodiment, the state vector 
chosen to solve the problem is: x=[θ ψ].  Where θ and ψ are 
respectively the pitch and roll angles.”) (emphasis added).)  
Thus, the providing of the pitch and roll angles as the output 
of the EKF is a “providing [of] the resulting deviation based 
on the updated quaternion.” 

The Board has previously determined in the 
proceedings for the related ’438 patent, that it would have 
been obvious to a person of ordinary skill in the art to convert 
a quaternion into yaw, pitch and roll resultant Euler angles in 
the spatial reference frame because the equations for such a 
transformation were widely known in the art.    I explained the 
explains the straight-forward known way of using quaternion 
and Euler angle rotation matrices to render the conversion 
formulas to move from quaternion to Euler angles above in 
Section VIII.A.4.  Thus, to the extent the calculations for the 
Kalman filter process of Bassompiere is performed using 
quaternions, as opposed to Euler angles, it would have been 
straightforward for a person of ordinary skill in the art to 
convert quaternion output 𝑥௞̂ (“updated quaternion”) into 
pitch and roll angles in Euler angle format, which provides 
“the resulting deviation based on the updated quaternion.” 

 
 A person of ordinary skill in the art would have been 
motivated to convert equation 23’s quaternion output into 
Euler angles because Euler angles are more intuitive, i.e., it 
is easier to understand and perceive the effect of an 

 
7  As explained above with reference to limitation [1.c], the pitch and roll angles 

disclose the “resulting deviation.”   
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orientation change of an object in terms of Euler angles than 
quaternions.  (Ex. 1007, 271 (“The quaternion states were 
also decomposed into the more intuitive representation of 
roll, pitch, and yaw in Fig. 5”).)  Furthermore, converting the 
quaternion output of equation 23 into Euler angles would 
have been one of two available choices for a person of 
ordinary skill in the art.  A person of ordinary skill in the art 
can either convert equation 24 to use quaternions or they can 
convert the quaternion output of equation 23 into Euler 
angles, and use the Euler angles in equation 24.  A person of 
ordinary skill in the art would have been capable of 
computing ωv and ωw under either choice.  
 

[1.j] “wherein the 
processor 
circuitry is 
further 
configured to 
provide content 
based on the 
resulting 
deviation in the 
spatial reference 
frame.” 

 Bassompiere discloses or suggests this limitation.  The 
“processor circuitry” of Bassompiere (see element [1.b] 
above) is configured to translate the pitch and roll angles (θ 
ψ) (“resultant deviation in the spatial reference frame”), 
which are output as the updated quaternion, 𝑥௞̂, into a 
resultant deviation in the two-dimensional reference frame of 
the screen through use of the user reference frame (u, v, w).  
For example, the pitch and roll angles allow correlating 
angular velocities determined in the XYZ reference frame to 
the uvw reference frame, which allows calculating “the 
displacement of the mobile element on the screen (dy and 
dz)” (“provide content based on the resulting deviation in 
the spatial reference frame”).  (Ex. 1006, 11:25–12:9.)  
Specifically, “ωv and ωw . . . give direct information on the 
horizontal displacements (rotation about the axis ω 
represented by ωw) and vertical displacements (rotation about 
the axis v represented by ωv) and therefore the displacement 
of the mobile element on the screen (dy and dz).”  (Id.)  
Equation 24 discloses the calculation of ωw and ωv using the 
roll and pitch angles of the updated quaternion:  

ቊ
𝜔௩ ൌ 𝑐𝑜𝑠𝜓෠.𝜔ఊ െ 𝑠𝑖𝑛𝜓෠.𝜔௭                                                

𝜔௪ ൌ െ𝑠𝑖𝑛𝜃෠.𝜔௫ ൅ 𝑐𝑜𝑠𝜃෠. 𝑠𝑖𝑛𝜓෠.𝜔௬ ൅ 𝑐𝑜𝑠𝜃෠. 𝑐𝑜𝑠𝜓෠.𝜔௭
  

 
(Id., 19:10–11 (equation 24).) 
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As discussed at for element [1.i], a POSA would have 
understood that if the output of Bassompiere’s equation 23 is 
a quaternion representing the pitch and roll angles (see 
analysis for [1.g]) such a quaternion would then be translated 
into pitch and roll angles in Euler angle format for purposes 
of equation 24 to allow for “provid[ing] content” on the 
screen “based on the resulting deviation.” Also, for the 
reasons discussed for element [1.i] it would have been 
straightforward to a person of ordinary skill in the art to 
convert a quaternion into yaw, pitch and roll resultant Euler 
angles “in the spatial reference frame”.  (Ex. 1011, p. 49.) 

 
Claim 2 
[2.a] “The 
electronic device 
of claim 1, 
wherein: the 
motion sensor 
module further 
comprises a 
rotation sensor 
and an 
accelerometer;” 

Bassompiere discloses this limitation.  Bassompiere 
discloses that the “motion sensor module” of the pointer (see 
element [1.a] above) has an angular velocity sensor 20 
(“rotation sensor”) and a linear acceleration sensor 30 
(“accelerometer”).  (Ex. 1006 at 9:24–25, 10:17–21, FIG. 1.)  

 

(Id., FIG. 1.) 
[2.b] “the rotation 
sensor has sensor 

Bassompiere discloses this limitation.  Bassompiere 
explains that the angular velocity sensor 20 (also referred to 
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circuitry 
configured to 
generate the 
measured angular 
velocities;” 

as a “gyrometer”) (Ex. 1006, 9:25–29.) (“rotation sensor”) 
has “sensor circuitry configured to generate measured 
angular velocities”:   

 
angular velocity sensors 20 have the 
function of measuring the 
rotations of the pointer in relation 
to two or three axes.  These sensors 
will preferably be gyrometers.  It 
may be a two-axis gyrometer or a 
three-axis gyrometer.  . . .  It is, for 
example, possible to use the 
gyrometers provided by Analog 
Devices with the reference 
ADXRS300.  But any sensor 
capable of measuring angular 
rates or velocities is usable. 

(Id., 9:23–30 (emphases added).) 
[2.c] “the 
accelerometer has 
circuitry 
configured to 
generate the 
measured axial 
accelerations; 
and”  

 Bassompiere discloses this limitation.  Linear 
acceleration sensor 30 has “circuitry configured to 
generate measured axial accelerations.” (Ex. 1006, 10:14–
17 (“The compensation sub-module recovers as input the 
outputs from a second sensor 30 which measures the linear 
accelerations of the pointer ax, ay, az. Preferably, the sensor 
30 is a three-axis accelerometer.”) (emphasis added).) 

[2.d] “both the 
rotation sensor 
and the 
accelerometer are 
associated with 
the movements 
and the rotations 
of the electronic 
device in a spatial 
reference frame.” 

Bassompiere discloses this limitation.  Bassompiere’s 
gyroscope (“rotation sensor”) and accelerometer are part of 
the same motion sensor module.  (Ex. 1006, 10:17–21 (“the 
sensors 20 and 30 are both produced by MEMS (Micro Electro 
Mechanical Systems) technology, optionally within one and 
the same circuit (for example, reference accelerometer 
ADXL103 from Analog Devices, LIS302DL from Thomson, 
reference gyrometer MLX90609 from Melixis, ADXRS300 
from Analog Devices).”) (emphasis added).)   

The rotation sensor 20 and the accelerometer 30 are 
associated with the “movements and the rotations of the 
electronic device in a spatial reference frame,” i.e., the 
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reference frame XYZ of the pointer 10.  (Id., 10:21–22 (“the 
MEMS module will be situated near the center of gravity of 
the pointing device.”); see also id., 12:14–15 (“The 
accelerometric and gyrometric sensors respectively return 
measurements noted (aX,aY,aZ) and (ω௫ .ω௬

⬚) in the frame 
of reference (XYZ) of the pointing device.”) (emphasis 
added).  Bassompiere further describes the accelerometer 30:  

at least one second sensor (30) for 
measuring the linear movements of 
said device along said two axes (Y, 
Z) and a third orthogonal axis (X), a 
module (40) for calculating the 
displacements (y, z) to be imparted 
to the mobile element in the plane 
surface as a function of the 
displacements (X, Y, Z) of the 
pointer in space 

(Id., 27:4-8 (emphases added).) 

 As discussed above in my declaration in Section VII, 
“spatial reference frame” means “a reference frame 
associated with a 3D pointing device, which always has its 
origin at the same point in the device and in which the axes 
are always fixed with respect to the device.”  As shown in 
Figure 2 of Bassompiere, the reference frame XYZ of the 
pointing device has a fixed point of origin where the X, Y, 
and Z axes meet.  Moreover, the X, Y, and Z axes are fixed 
with respect to the pointer device, as evident from Figure 2.  
Indeed, the XYZ frame is the “reference frame of the 
[pointer]” and thus, would be expected to be fixed with 
respect to the pointer device.  (Id., 10:32-11:1.)  Further, 
Bassompiere states that the accelerometer and gyroscopes 
respectively return “measurements noted (aX,aY,aZ) and 
(ω௫ .ω௬

⬚) in the frame of reference (XYZ) of the pointing 
device.”  (Id., 12:14–15.)  The “movements and the 
rotations of the electronic device” are therefore “in a 
spatial reference frame.” 

Claim 3 
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[3] “The 
electronic device 
of claim 1, 
wherein the 
converting the 
measured angular 
velocities 
corresponding to 
time T based on 
the previous 
quaternion is 
performed 
without using the 
measured axial 
accelerations 
corresponding to 
time T.” 

Bassompiere discloses this limitation.  As described 
above for claim element 1.[d], Bassompiere performs the step 
of “converting the measured angular velocities corresponding 
to time T based on the previous quaternion.”  As evident from 
the equations 21 and 26 of Bassompiere for converting the 
angular velocities based on the previous quaternion, this 
conversion of measured angular velocities to a current 
quaternion does not require the use of measured acceleration 
at time k (“without using the measured axial accelerations 
corresponding to time T”).  (See Ex. 1006, 19:3 (equation 
21); see also id., 4:23-26, 28:13; 20:20-23 (equation 26); see 
also id., 6:3–7, 30:1-5.) 

 

Claim 4 
[4] “The 
electronic device 
of claim 1, 
wherein the 
predicted axial 
accelerations are 
based on the 
measured axial 
accelerations 
corresponding to 
time T−1 and the 
measured angular 
velocities 
corresponding to 
time T.” 

Bassompiere discloses this limitation.  Bassompiere 
discloses that 𝑦̂௞

ି (“predicted axial accelerations”) is 

calculated using pitch and roll angles ቀѲƹ ೖ
ష

Ѱƹೖ
షቁ, which are 

derived using the previous quaternion ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ and the 

“measured angular velocities corresponding to time T.”  
(Ex. 1006, equations 21-22; see [1.d] and [1.e] above.) But 

pitch and roll angles ቀѲƹ ೖషభ
ష

Ѱƹೖషభ
ష ቁ is the output of the prior loop (k-

1).  (See [1.c] above (“providing a previous quaternion 
corresponding to time T−1 based on the measured axial 
accelerations corresponding to time T−1”).)  And the output 
of the previous loop, i.e., the output pitch and role angles at 
time T-1, is calculated “based on the measured axial 
accelerations corresponding to time T−1.”  (See [1.f] and 
[1.g] above (explaining that equation 23 provides the output 
pitch and roll angles based on the measured accelerations 
during that loop).) 

Claim 5 
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[5] “The 
electronic device 
of claim 1, 
wherein the first 
comparison result 
is based on the 
measured axial 
accelerations 
corresponding to 
time T−1, 
measured axial 
accelerations 
corresponding to 
time T, and 
angular velocities 
corresponding to 
time T.” 

Bassompiere discloses this limitation.  As described 
above for element [1.f], the “first comparison result” is the 
difference between “measured axial accelerations 

corresponding to time T” (൥
𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩) and predicted axial 

accelerations (𝑦̂௞
ିሻ 

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝑎௫,௞
𝑎௬,௞
𝑎௭,௞

൩ െ  𝑦̂௞
ି൱ 

(Ex. 1006, 19:8–9 (equation 23) (emphasis added).) 
Bassompiere discloses that the predicted axial accelerations 

𝑦̂௞
ି is calculated using pitch and roll angles ቀѲƹ ೖ

ష

Ѱƹೖ
షቁ, which are 

derived using the previous quaternion ቀѲƹ ೖషభ
Ѱƹೖషభ

ቁ and the 

“measured angular velocities corresponding to time T.”  
(Ex. 1006, equations 21-22; see also element [1.e] above.)  But 

pitch and roll angles ቀѲƹ ೖషభ
ష

Ѱƹೖషభ
ష ቁ is the output of the prior loop (k-

1).  (See element [1.c] above (“providing a previous 
quaternion corresponding to time T−1 based on the measured 
axial accelerations corresponding to time T−1”).)  And the 
output of the previous loop, i.e., the output pitch and role 
angles at time T-1, is calculated “based on the measured 
axial accelerations corresponding to time T−1.”  (See 
element [1.g] above (explaining that equation 23 provides the 
output pitch and roll angles based on the measured 
accelerations during that loop).) 

Claim 6 
[6] “The 
electronic device 
of claim 1, 
wherein the 
content is visual 
content.” 

Bassompiere discloses this limitation.  As already 
described, Bassompiere teaches providing content based on 
the resulting deviation in the spatial reference frame. (See 
claim element [1.j] above.)  Bassompiere further discloses 
that the content includes “visual content” such as “the 
displacement of the mobile element on the screen (dy and 
dz).”  (Ex. 1006, 11:25–12:9, FIG. 2.)  Calculating the 
displacement of the mobile element enables the pointer to be 
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used for “games applications,” and other applications: 
 

remote control of an audiovisual 
apparatus (television, 
reader/recorder of disks, hi-fi 
system), where the point is a 
program or a function to be chosen 
from a menu; . . electronic games 
interface where, depending on the 
game, the pointer may be an object 
manipulated by the user (golf 
club, tennis racket, bowling ball, 
hand- gun, hip gun or rifle, etc.); 
assistance for the man-machine 
interface or remote control for 
people with reduced mobility (for 
example, fixing a pointer to the 
head, spectacles, an earpiece, or 
any other part tied to the 
displacements of the head, so as to 
aid persons with motion deficiency 
or who are unable to use a 
conventional hand-held mouse to 
direct a pointer at the screen). . . 
. . The pointer is associated with a 
mobile element able to move in a 
plane surface, for example, a 
screen or a writing surface. The 
displacements of this mobile 
element are controlled by the 
displacements of the pointer. 

(Id., 1:7-18, 9:1-4 (emphases added); see also id., FIG. 2.) 

Claim 7 
[7] “The 
electronic device 
of claim 6, 
wherein the 
processor 

Bassompiere discloses or suggest this limitation.  As 
discussed above, “processor circuitry” of Bassompiere (see 
above element [1.b]) is configured to translate the pitch and 
roll angles (θ ψ) (“resultant deviation in the spatial 
reference frame”) into a movement pattern on a display, 
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circuitry is 
further 
configured to 
translate the 
resulting 
deviation in the 
spatial reference 
frame into a real-
time movement 
pattern in a 
display reference 
frame.” 

which has its own reference frame (“display reference 
frame”).  (See above element [1.j].) For example, the pointer 
of Bassompiere includes a processor that provides for 
“transmitted signals [that] are the commands corresponding . 
. . to the sensing of the displacement of the pointer.”  (Ex. 
1006, 9:10-16.)  The transmitted commands “control the 
displacements of a cursor on the control screen of the object 
to be controlled” (“real-time movement patterns in a 
display reference frame”).  (Id.)  To perform this function, 
the processor calculates “ωv and ωw” that indicate “the 
displacement of the mobile element on the screen (dy and dz).”  
(Id., 11:25–12:9.)   

The screen, i.e., the display has its own reference frame.  
This can be seen from Figure 2 (reproduced below), which 
shows a screen which the three-dimensional movements of the 
pointer are displayed in two dimensions (y, z) (“display 
reference frame”) on a screen.   

 

(Id., FIG. 2; see also id., 8:14–16.) 
Claim 12 
[12.a] “The 
electronic device 
of claim 1, 
wherein, in 
calculating the 

Bassompiere discloses or suggests the limitations 
therein.  As described in [1.f] above, as part of the process of 
“calculating resulting deviation” the EKF of Bassompiere 
includes “a first data association model” in the form of a 
comparison by subtraction of 𝑦̂௞

ି (“predicted axial 
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resulting 
deviation, the 
computing 
processor is 
further 
configured to: 
utilize a first data 
association model 
to determine 
whether 
compensation is 
needed to obtain 
the updated 
quaternion based 
on the measured 
axial 
accelerations 
corresponding to 
time T; and” 

acceleration”) with ൥
𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ (“measured axial accelerations”) 

at time step k (“corresponding to time T”), which is then 
multiplied by the Kalman gain at time step k in the form of 
Kk: 

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱ 

 
(Ex. 1006, 19:8–9 (equation 23) (emphasis added); see also 
id., 5:4–6, 29:2–4 (claim 10).)  The value of the Kalman gain 
determines the influence of the measured axial acceleration 

reading ൥
𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ (“measured axial accelerations”) on 𝑥௞̂
ି 

(“current quaternion”).  In other words, the value of the 
compensation data association model (Kalman gain times the 
difference between the measured acceleration and predicted 
acceleration) determines that amount by which the 𝑥̂௞ 
(“current quaternion”) must be changed (compensated) to 
arrive at 𝑥̂௞ (“updated quaternion”).  That calculation is 
“based on the measured axial accelerations 
corresponding to time T” because the measured 

accelerometer values ൥
𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ taken at time k (“measured 

axial accelerations corresponding to time T”) is part of the 
EKF equation that solves for 𝑥̂௞ (“updated quaternion”).  

[12.b] “obtain the 
updated 
quaternion in 
response to 
determining that 
the compensation 
is needed.” 

Bassompiere discloses or suggests this limitation. As 
explained in the analysis of [12.a], “determining that the 
compensation is needed” is performed by the EKF equation 
based on the comparison by subtraction of 𝑦̂௞

ି (“predicted 

axial acceleration”) with ൥
𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ (“measured axial 

accelerations”) multiplied by the Kalman gain: 

𝑥̂௞ ൌ  𝑥̂௞
ି ൅  𝐾௞  ൭൥

𝛼௫,௞
𝛼௬,௞
𝛼௭,௞

൩ െ  𝑦̂௞
ି൱ 
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(Ex. 1006, 19:8–9 (equation 23) (emphasis added), see also 
id., 5:4–6 , 29:1–4 (claim 10).)  If that calculated value is 
anything other than 0, then 𝑥̂௞

ି (“current quaternion”) will 
be incremented or decremented (“compensation”) thus 
adjusting 𝑥௞̂ (“obtain the updated quaternion”).  A 
determination is thus made that “compensation is needed.” 

Claim 14 
[14.pre] “A 
method for 
determining 
movements and 
rotations in a 
spatial reference 
frame, 
comprising:” 

Bassompiere discloses this limitation for the reasons I 
discuss above with reference to limitation [1.a] and [1.b].   
 

[14.a] 
“generating, with 
a motion sensor 
module having 
sensor circuitry, 
measured angular 
velocities and 
measured axial 
accelerations;” 

Bassompiere discloses this limitation for the reasons I 
discuss above with reference to limitation [1.a].  
  

[14.b] 
“calculating, with 
a computing 
processor having 
processor 
circuitry, a 
resulting 
deviation 
associated with 
the movements 
and the rotations 
in the spatial 
reference frame 
by performing the 

Bassompiere discloses this limitation for the reasons I 
discuss above with reference to limitation [1.b]. 
 

Page 85 of 89



Declaration of Dr. Majid Sarrafzadeh 
U.S. Patent No. 11,698,687 

84 
 

following in 
sequence:” 
[14.c] “providing 
a previous 
quaternion 
corresponding to 
time T−1 based 
on the measured 
axial 
accelerations 
corresponding to 
time T−1 and the 
measured angular 
velocities 
corresponding to 
time T−1, 
without using the 
measured angular 
velocities 
corresponding to 
time T;” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.c]. 
 

[14.d] 
“converting 
measured angular 
velocities 
corresponding to 
time T, based on 
the previous 
quaternion, into a 
current 
quaternion 
corresponding to 
time T, without 
using measured 
axial 
accelerations 
corresponding to 
time T;” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.d]. 
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[14.e] 
“converting 
variables of the 
current 
quaternion into 
predicted axial 
accelerations 
corresponding to 
time T, which is 
associated with 
the pitch and roll 
angles of the 
electronic device 
and without being 
associated with 
the yaw angle of 
the electronic 
device;” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.e]. 
 

[14.f]  
“comparing the 
predicted axial 
accelerations 
with the 
measured axial 
accelerations 
corresponding to 
time T to obtain a 
first comparison 
result;” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.f]. 
 

[14.g] “obtaining 
an updated 
quaternion 
associated with 
time T based on 
the current 
quaternion and 
the first 
comparison 
result;” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.g]. 
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[14.h] “using the 
updated 
quaternion as a 
next occurrence 
of the previous 
quaternion; and” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.h]. 
. 

[14.i] “providing 
the resulting 
deviation based 
on the updated 
quaternion; and” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.i]. 

 

[14.j] “providing 
content based on 
the resulting 
deviation in the 
spatial reference 
frame.” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation [1.j]. 

 

Claim 25 
[25.a]  “The 
method of claim 
14, wherein 
calculating the 
resulting 
deviation further 
comprises: 
utilizing a first 
data association 
model to 
determine 
whether 
compensation is 
needed to obtain 
the updated 
quaternion based 
on the measured 
axial 
accelerations 
corresponding to 
time T; and” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation 
[12.a]. 
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[25.b] “obtaining 
the updated 
quaternion in 
response to 
determining that 
the compensation 
is needed.” 

Bassompiere discloses or suggests this limitation for 
the reasons I discuss above with reference to limitation 
[12.b]. 
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