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U.S. Patent Nos. 6,922,632 and 7,725,253

(57) ABSTRACT

USO0692263282

«2 United States Patent (10) Patent No.: US 6,922,632 B2
Foxlin (45) Date of Patent: Jul. 26, 2005

A navigation or motion tracking system includes compo-
nents associated with particular sensors, which are
decoupled from a tracking component that takes advantage
of information in the sensor measurements. The architecture
: of this system enables development of sensor-specific com-
- L ponents independently of the tracking component, and
e enables sensors and their associated components to be added

or removed without having to re-implement the tracking
component. In a software implementation of the system,
sensor-specific software components may be dynamically
incorporated into the system and the tracking component is
then automatically configured to take advantage of measure-
ments from the corresponding sensors without having to
modify the tracking component.
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Welch HiBall System

High-Performance Wide-Area
Optical Tracking
The HiBall Tracking System

Abstract

Since the early 1980s, the Tracker Project at the University of North Carolina at
Chapel Hill has been working on wide-area head tracking for virtual and augmented
environments. Our long-term goal has been to achieve the high performance re-
quired for accurate visual smulation throughout our entire laboratory, beyond into
the haliways, and eventually even outdoors.

In this article, we present results and a complete description of our most recent
electro-optical system, the HiBall Tracking System. In particular, we discuss motiva-
tion for the geometric configuration and describe the novel optical, mechanical
electronic, and algorithmic aspects that enable unprecedented speed, resohution,
accuracy. robustness. and flexbilty.

1 Introduction

Systems for head tracking for interactive computer graphics have been
explored for more than thirty years (Sutherland, 1968).
figure 1, the authors have been working on the problem for more than twenty
years (Azuma, 1993, 1995; Azuma & Bishop, 19942, 1994b; Azuma & Ward,
1991; Bishop, 1984; Gotschalk & Hughes, 1993; UNC Tracker Project,
2000; Wang, 1990; Wang et al., 1990; Ward, Azuma, Bennett, Gottschalk, &
Fuchs, 1992; Welch, 1995, 1996; Welch & Bishop, 1997; Welch et al., 1999).
From the beginning, our cfforts have been targeted at wide-area applications
in particular. This focus was originally motivated by applications for which we
believed that actually walking around the environment would be superior to
virrually “flying.” For example, we wanted to interact with room-filling virtual

illustrated in

molecular modls, and to naturally explore life-sized virtual architectural mod
els. Today, we belicve that a wide-area system with high performance every-
where in our laboratory provides increased flexibility for all of our graphics,
vision, and interaction research.

1.1 Previous Work

In the carly 1960s, Ivan Sutherland implemented both mechanical and
ultrasonic (carricr phas) head-tracking systems as part of his pioncering work
in virtual environments. He describes these systems in his seminal paper “A
Head-Mounted Three Dimensional Display” (Sutherland, 1968). In the

Weicheral. |
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57 ABSTRACT

A three-dimensional position &nd orientation tracking sys
tem uses accelerometers to measure accelération of a move-
able object (c.g., a head-mounted display umit or a daa
glove). A tracking processar generates both position and
orientation information on the object relative 1o a simulation
environment as a function of the acecleration data. In one
embodiment, a simplified radar-based tracking system is
disposed relative 10 the object and periodically provides
additional tracking dala on the object 1o the tracking pro-
cessor. The tracking processor uses the additional data 1o
correct the position and orientation information using a
feedback filter process. The position and oieniation infor-
mation signals generaied can be used, for example, in a
simulation or virual reality application. Position and orien-
tation information is received by a simulation processor
relative 1o the object. The simulation processor modifies a
simulation environment as a function of the position and
orientation information received. Modified simulation envi
ronment information (e.g., video and/or audio information)
is then presented to  user

21 Claims, 9 Drawing Sheets
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“Estimation Subsystem/Module” & “Sensor Subsystem’

Patent Owner’s Construction Petitioner’s Construction
Estimation Subsystem/Module: the tracking No Construction
component of a motion tracking system, which is
separate from but connected to the sensor Subsystems need not be “entirely separate” and
subsystem may “partially overlap”

Sensor Subsystem: a component or group of
components of a motion tracking system associated
with particular sensors, which is separate from but
connected to the estimation subsystem

E.g., 1304 POR 12-18 E.g., 1304 Reply 1-5
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Estimation Subsystem / Sensor Subsystem

The sensor and estimation subsystems are distinct elements of the claims.

I RRTE TR 1 A methOd fOI' traCkng dn ObJ ect Comp rlSing:

o Unted States Paientopaene Uz coupling a sensor subsystem to an estimation subsystem,
said sensor subsystem enabling measurement related to
relative locations or orientations of sensing elements;

accepting configuration data from the sensor subsystem;

configuring the estimation system according to the
accepted configuration data;

repeatedly updating a state estimate, including
accepting measurement_information from the sensor
subsystem, and
updating the state estimate according to the accepted
configuration data and the accepted measurement
data.

Ex. 1001, ¢l.1; e.g., 1304 POR 6, 14-15

META V. THALES
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SUMMARY

In a general aspect, the invention features a navigation or
motion tracking system in which components associated
with particular sensors are decoupled from a tracking com-
ponent that takes advantage of information in the sensor
measurements. The architecture of this system enables
development of sensor-specific components independently
of the tracking component, and enables sensors and their
associated components to be added or removed without
having to re-implement the tracking component.

Ex. 1001, 2:20-28; e.g., 1304 POR 16-17

Estimation Subsystem / Sensor Subsystem

3.1.2 Plug and Track Feature

Akey feature of the navigation system 90 is the separation
of modules specific to PSEs and modules specific to updat-
ing the states and maps. A separation between the PSEs and
the update filters is desirable because there are different
kinds of PSEs, each having different measurement charac-
teristics. The measurement characteristics affect how the
measurements are used in the update process. Due to the
separation, PSEs can be designed without knowledge of the
updating process. The modules specific for updating can be
designed without knowledge of the PSE characteristics. A
new PSE can be “plugged” into the navigation system and
the navigation system will be able to recognize and use the
new PSE.

Ex. 1001, 22:37-50; e.g., 1304 POR 5-6, 17

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Estimation Subsystem / Sensor Subsystem

The meaning of the claim terms cannot be divorced from the patent’s context.

By using the meta-driver 122, even though the existence
of available PSE device 105 are relied upon in the calcula-
tion of inputs to update filter 306, the implementation of the
sensor fusion core 200 is separated from the implementation
of the devices 105, and thus it is possible to replace one type
of sensor 105 with another without the need to redesign any
components of the sensor fusion core 200. When the PSEs

Ex. 1001, 19:14-20; e.g., 1304 POR 16-17

In the data processing unit 190, sensor-specific modeling
1s separated from the generic sensor fusion algorithms used
to update system states. Specifically, sensor specific com-
putations are isolated in PSE drivers 120. A meta-driver 122
provides an interface between the PSE drivers 120 and a
sensor fusion core 200, which does not need to include
sensor-specific aspects.

Data processing unit 190 includes a meta-driver 122 that
1s used as a bridge between PSE drivers 120 and SFC 200.
By dividing data processing unit 190 into portions specific
to PSE devices 105 and a portion specific to updating the
states of the navigation system 90, the navigation system can
be easily reconfigured depending on the latest versions of
device drivers and/or update algorithms. The meta-driver
122 allows PSE devices 105 and PSE drivers 120 to be
designed without knowledge of the inner workings of the
SFC 200, and SFC 200 can be designed without knowledge
of the specific details of the PSE devices 105 and PSE
drivers 120. The details of the meta-driver 122 will be
described below.

Ex. 1001, 17:27-39; e.g., 1304 POR 16-17

Ex. 1001, 16:38-44; e.g., 1304 POR 16-17

“[A] patent’s express purpose of the invention informs the proper construction of claim terms.”
Sequoia Tech., LLC v. Dell, Inc., 66 F.4th 1317, 1326 (Fed. Cir. 2023) (internal quotation marks omitted); e.g., 1304 Sur-Reply 3-4
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Estimation Subsystem / Sensor Subsystem

Patent Owner’s construction is supported by expert evidence.

The POSITA would have understood:

* “IT]he estimation and sensor portions of the system do not overlap
, and are not intertwined in a way that would result in any claimed
‘@ e Y processes being part of both segments.” 943

* “[T]his separation reflects a central innovation of the patents. ..
allow[ing] for the use of different types of sensors.” § 45

e * “[O]verlapping or intertwined subsystems would defeat a key goal of
Yohan Baillot the ’632 patent, because the potential for ‘plug and track’

CEQ and Founder, ARCortex INC functionality, or updating sensor components without updating the

tracking component (or vice versa), would not be realized.” 1 46

Ex. 2007; e.g., 1304 POR 16-18

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 13



Estimation Subsystem / Sensor Subsystem

Petitioner’s expert agrees the sensor and estimation subsystems are separate.

5 Q. Do you understand the sensor subsystem and
6 estimation subsystem to be two separate things?

7  A. Inthe context of the patent, that's the way

8 1t's described, yes.

Dr. Ulrich Neumann Ex. 2009, 43:5-8; e.g., 1304 POR 14-15
University of Southern California

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 14



Estimation Subsystem / Sensor Subsystem

Petitioner has no support for its position that the two subsystems can overlap.

No examples in the patent referring to overlapping components or
processes that are part of both subsystems.

No expert evidence supporting overlap.

\L p,
E.g., 1304 Sur-Reply 3-4

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Configuration Data / Information

Patent Owner’s Construction Petitioner’s Construction

Data describing characteristics or Data that is used for configuration
attributes of a sensor or set of sensors

E.g., 1304 POR 18-21 E.g., 1304 Reply 6-7

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 16



Configuration Data / Information

The estimation subsystem is configured according to characteristics, attributes, or
parameters of the sensing elements, not according to raw sensor measurement inputs.

The method includes configuring the tracking
system, which includes providing configuration information
from each of the sensor modules to the estimation subsystem
regarding the characteristics of the sensors associated with
the sensor module, and configuring the estimation sub-
system using the provided configuration information.

Ex. 1001, 6:27-32; e.g., 1304 POR 20-21

Each PSE driver contains interfaces to, and possibly some
mformation about parameters related to the PSE devices.
The PSE devices may also store information about them-
selves. Meta-driver 122 receives the configuration informa-
tion from PSE drivers 120, compiles the information and
outputs a hardware configuration file “HW.cfg.” The hard-
ware configuration file lists all of the PSE devices available
and their configuration information.

Ex. 1001, 18:56-63; e.g., 1304 POR 21

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Configuration Data / Information

The patent’s examples are not raw sensor measurements.

“uncertainty or noise characteristics of the

measurement values” Ex. 1001, 1:30-35;

“operational parameters” id., 3:1-3;

“a map of the locations of the sensing elements”

id., 3:7-9;

“parameters that identify a basic type of sensor,
such a 2-D bearing, 1-D bearing, range” id., 10:7-9;

“parameters that identify a specific type of sensor,

such as make and model” id., 10:10-11;

“measurement related parameters” id., 10:14-15;

“white noise and random walk amplitudes, root-
mean square initial uncertainty estimates for gyro
and acceleration biases, ramps, misalignments,

scale factors, nonlinearities” id., 30:1-7;

“Pose [of the sensor]” id., 30:31-32;
“Pose uncertainty” id., 30:33;
“Bias parameters vector k” id., 30:34-35;
“k-vector uncertainty” id., 30:36;
“Basic type” id., 30:37-49;
“Specific type” id., 30:50-56;
“Unique identifier” id., 30:57-58;
“Color”id., 30:59;
“Size” id., 30:60-65;
“Driver number” id., 30:66-67;
“Device handle” id., 31:1-3;
“Status (ready, busy, etc.)” id., 31:4;
“Membership” id., 31:5-6.

Ex. 1001; Ex. 2007 § 60; e.g., 1304 POR 20

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 18



Configuration Data / Information

Patent Owner’s position is supported by expert evidence.

The POSITA would have understood:

° ¢

[Clonfiguration data’ or ‘configuration information’ [are] ‘data describing
characteristics or attributes of a sensor or set of sensors ....” 956

* “IR]Jaw measurements do not themselves constitute configuration data or
information.” 1 57

* “[M]easurements may be processed in order to compute or estimate certain
sensor parameters or characteristics (e.g., noise or uncertainty) that then can be
NG used for configuration purposes, but those parameters or characteristics are the
Yohan Baillot configuration data, and the raw measurements that are used as inputs are not
CEO and Founder, ARCortex INC themselves configuration data.” 9 58

Ex. 2007; e.g., 1304 POR 18-19

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 19



Configuration Data / Information

Petitioner has no support that the raw measurements it relies on are “configuration data.”

No examples in the patent of configuration data that consist solely of
raw, unprocessed sensor measurements.

No expert evidence that raw measurements are configuration data.

\ y,
E.g., 1304 Sur-Reply 6-7

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Configuration Data / Information

Measurements used to create calibration tables are not “information characterizing a
calibration parameter.”

The POSITA would have understood:

* Information characterizing a calibration parameter is “a calibration parameter
itself, or some other description of the parameter, such as a range the parameter
may fall within.”

* |t does not include “a measurement input used in the process of creating a
calibration table.”

* “The use of measurements to subsequently create calibration parameters does

not mean that those inputs (measurements) either constitute or characterize the
Yohan Baillot OUtpUtS.”
CEO and Founder, ARCortex INC

Ex. 2007 § 61; e.g., 1308 POR 22

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 21



Undisputed Constructions

YT kte g4 [e Yo [V =88 “a component or part of a sensor subsystem that
provides an interface for communicating with an
associated sensing element and an interface for
communicating with an estimation subsystem”

E.g., 1305 POR 16-17; 1305 Reply 3

Configuring “arranging or setting up the system so that itis
able to operate in a particular way”
E.g., 1304 POR 21-24; 1304 Reply 7

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 22
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High-Performance Wide-Area
Optical Tracking
The HiBall Tracking System

Abstract

Since the early 19805 the Tracker Project at the University of North Carolina at
Chapel Hill has been worlang on wide-area head tradang for virtual and augmented
emvronments. Our long-term goal has been 10 achweve the high performance re-
qured for accurate visual smulation throughout our entire laboratory. beyond nto
the hallways, and eventually even ouUtdoOrs.

In thes article, we present results and a complete description of our Most recent
slectro-cptical system, the Hilall Tracking System. In partcular. we discuss motha-
on for the geometric configuration and describe the novel optical. mechanical,
electron, and algonthmic aspacts that enable unprecedented speed, resolution
accuracy. robustness, and fledbity

1 Introduction

Systems for head tracking for interactive computer graphics have been
explored for more than thirty vears (Sutherland, 1968). As illustrated in
figure 1, the authors have been working on the problem for more than twenty
years (Azuma, 1993, 1995, Azuma & Bishop, 1994a, 1994b; Azuma & Ward,
1991, Bishop, 1984; Gottschalk & Hughes, 1993; UNC Tracker Project,
2000, Wang, 1990; Wang ct al., 1990; Ward, Azuma, Bennetr, Gotschalk, &
Fuchs, 1992; Weich, 1995, 1996; Welch & Rishop, 1997, Welch et al., 1999),
From the beginning, our efforts have been targeted at wide-area applications
in particular. This focus was oniginally motivated by applications for which we
believed that actually walking around the environment would be superior to
virtually “flying,~ For example, we wanted 1o interact with room-filling virtual
molecular models, and 1o naturally cxplore life-sized virtual architectural mod
ebs. Today, we believe that a wide-arca system with high performance cvery

where in of

laboratory provides increased flexibility for all of our graphics,

vision, and interaction rescarch

1.1 Previous Work

In the carly 1960s, Ivan Sutherland implemented both mechanical and
ultraso

carricr phasc ) head-tracking systems as part of his pioncering work
in virtual environments. He describes these systems in his seminal paper A
Head-Mounted Three Dimensional Display” (Sutherland, 1963). In the

Wekheta |
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Welch HiBall System
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Welch HiBall System

5.1 Bench=Top (Offline) HiBall
Calibration

After each HiBall is assembled, we perform an off-
line calibration procedure to determine the correspon-
dence between image-plane coordinates and rays in
space.

Given the tables of approximately 2,500 measure-
ments for each of the 26 views, we first determine a
3 X 4 view matrix using standard linear least-squares
techniques. Then, we determine the deviation of each
measured point from that predicted by the ideal linear
model. These deviations are resampled into a 25 X 25
grid indexed by sensor-plane coordinates using a simple
scan-conversion procedure and averaging. Given a mea-
surement from a sensor at runtime (section 5.2), we
convert it to an “ideal” measurement by subtracting a
deviation bilinearly interpolated from the nearest four
entries in the table.

Ex. 1007, 9-10; e.g., 1305 Petition 23; 1305 Reply 11

5.2 Online HiBall Measurements

Upon receiving a command from the CIB (section
4.3), which is synchronized with a CIB command to the
ceiling, the HiBall selects the specified LEPD and per-
forms three measurements, one before the LED flashes,
one during the LED flash, and one after the LED flash.
Known as “dark-light-dark,” this technique is used to
subtract out DC bias, low-frequency noise, and back-
ground light from the LED signal. We then convert the
measured sensor coordinates to “idcal” coordinates us-
ing the calibration tables described in section 5.1.

overflow) and increases slowly. Finally, we use the mea-
sured signal strength to estimate the noise on the signal
using (Chi, 1995), and then use this as the measure-

ment noise estimate for the Kalman filter (section 5.3).

Ex. 1007, 10; e.g., 1305 Petition 23; 1305 Reply 11
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Welch’s Sensor Subsystem Does Not Provide Configuration Data

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

Claims require:

Configuration
data/information

AND

Provided or
accepted from the
sensor subsystem
or sensor module

accepting configuration data from the sensor subsystem;

Ex. 1001, cl.1

a sensor subsystem coupled to the estimation subsystem
and configured to provide configuration data to the esti-
mation subsystem and to provide measurement informa-
tion to the estimation subsystem for localizing an object;

Ex. 1003, cl.1
DEMONSTRATIVE EXHIBIT « NOT EVIDENCE

configuring the tracking system, including

providing configuration information from each of the
sensor modules to the estimation module regarding
the characteristics of the sensors associated with the

sensor module, and

Ex. 1001, cl.47

27



The Measurements on Which Petitioner Relies Are Not Configuration Data

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

Petitioner’s Construction: Data used for configuration

“Measurement data

Petitioner collected during [Welch-
2001°s] ‘online’ calibration
procedure” Welch-2001 uses measurement data collected during its “online” calibration
Petitioner acknowled ges the procedure to generate “ideal” position coordinates and estimate “measurement
Sensor measurements are noise.” See Petition, 20: EX1007, 10. It uses these data to “maximize the signal-to-

processed into different
data on the PC

noise ratio” and to configure the Kalman filter,

Rebuttal

The processed data, not the 1304 Reply 8
raw HiBall measurements,

are used to configure the

Kalman filter

Ex. 2007 § 58; e.g., 1304 POR 19; 1304 Reply 8; 1304 Sur-Reply 9-10
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The Measurements on Which Petitioner Relies Are Not Configuration Data

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

Patent Owner’s Construction: Data describing the characteristics

or attributes of a sensor or set of sensors

“Amount of light impinging on different
i1 1@ locations of the HiBall unit” describes “Measurement type” metadata
HiBall pose

Describes where ll.ght hits ona HiBall Programmed by a system designer, not
sensor, not where in the environment

that sensor is located or how the sensor  Provided by a sensor subsystem or
is oriented module

Rebuttal

E.g., 1304 Reply 9-10; 1304 Sur-Reply 10-11
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Welch’s Estimation Subsystem Does Not Pass Information Back to a
Sensor Subsystem or Modules

632 cls. 11, 30, 47 & dependent claims

providing to the sensor subsystems information related to
an expected sensor measurement

wherein the sensor module is configured to
receive information related to an expected sensor mea-
surement over the communication interface,

Ex. 1001, cl.11

Ex. 1001, cl.30 maintaining estimates of tracking parameters in the esti-
mation module, including repeatedly
passing data based on the estimates of the tracking
parameters from the estimation module to one or
more of the sensor modules,

Ex. 1001, cl.47

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 30



Petitioner’s New Arguments Are Improper and Unsupported

’632 cls. 11, 47 & dependent claims

Petition

The measurement prediction generated by the model equation constitutes an
“expected sensor measurement.” Ex.1005 985. This calculation is performed by the
computer within the system, and then is “provid|ed] to the sensor subsystem[]” (i.e.,
the CIB and the HiBall sensor/LED pairs) when it is compared against the actual

measurement from the LED and HiBall sensor. Ex.1005 q85.

1304 Petition 26

Welch 2001 discloses this limitation. Ex.1005 99286-287. When the
measurement from the LED-sensor pair is compared with the estimate calculated by
the PC, the estimate data 1s passed through the CIB to determine which LED to select

for the next measurement. Ex.1007, 13. The CIB 1s part of the “sensor module”

1305 Petition 35

Reply

Accordingly, the Petition need not and did not identify
any “expected sensor measurement” as satisfying this claim, as PO appears to have
misunderstood. Instead, the Petition identified Welch-2001’s trigger data that
specifies which LED to flash as the claimed “information related to an expected

sensor measurement.” See Petition, 26 (“Once the [| LED are selected...”).

1304 Reply 13

Accordingly, the Petition’s identification of data that “determine|s]
which LED to select” (Petition, 35) being passed from the estimation module to the
LED portion of the sensor modules is sufficient to satisfy this element, because that

passed data is “based on” the estimate of the tracking parameters.

1305 Reply 14

E “[A]n IPR petitioner may not raise in reply an entirely new rationale for why a claim would have been obvious.”

Henny Penny Corp. v. Frymaster LLC, 938 F.3d 1324, 1330-31 (Fed. Cir. 2019) (internal quotation marks omitted); e.g., 1305 Sur-Reply 17

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Welch’s Sensor Module Does Not Receive Information Over the Asserted
Communication Interface

’632 cl. 30 & dependent claims

_____ —" Measurement
L0 Sensors  [Sensor
6 Sensors v ' - Sensor i
. and Amp | ==ee amp | Amplifiers :ll- "
30. A sensor module comprising: Amplifiers nieriace
a sensor interface for communicating with a measurement .l’.’_'_!.L. S won ':
Sensor; 6-1 Multiplexer L' '
o o Analog [ "
a communication interface for communication with an i ' .
estimation system; g 51 s
: . A/D Converter j&p] — |* Densor
wherein the sensor module is configured to . S Modul
. . Digital ' o |. odule
receive information related to an expected sensor mea- S -‘ ..... ' = 1,
surement over the communication interface, g '
receive a measurement signal over the sensor interface, Base and Accumulator IQ-D Ol
provide measurement information based on the mea- Connector j ¢
surement signal over the communication interface. i — :Commumcatmn
, Interface
Ex. 1001, ¢l.30 - ‘ -------- FPGA .
to CIB
Figure 9.

Ex. 1007, Fig.9 (annotated by Petitioner); 1305 Reply 6

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE




Welch’s Sensor Module and Subsystem Do Not Receive Information
Related to an Expected Sensor Measurement

’632 cls. 3, 11 & dependent claims

Relies on anticipation that a

Petitioner .
measurement will occur

Patent describes “expected
=T sensor measurement” as a

calculated numerical value
E.g., 1304 Reply 13; 1304 Sur-Reply 14

It 1s also useful
to compute the difference between the expected measure-
ment based on the estimated pose, Z,=h,(A;,), and the actual
sensor measurement.

As will be described in more detail below, PSE
drivers 120 include information and interfaces that are
specific to the PSE devices 105, and data and code needed
for computation of the linearized observation matrices,
observation noise covariance matrices, and expected sensor
measurements and/or innovations as described above.

14. The method of claim 11 wherein accepting the infor-
mation related to an actual sensor measurement includes
accepting information enabling the estimation subsystem to
calculate a difference between the actual measurement and
the expected measurement.

Ex. 1001, 15:47-50, 16:51-56, cl.14; e.g., 1304 Sur-Reply 14

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Petitioner Does Not Establish Any Motivation To Add Inertial Trackers to
Welch’s HiBalls

632 cl. 23

Points to purported

And yet the system is quite robust. [n prac-
(13 o »
occlusions

Petitioner

tice, users can jump around, crawl on the floor, lean

Welch 2001 teaches that over, even wave their hands in front of the sensors, and
-1 Ma:]|8 occlusions rarely cause

problems in practice
1304 Reply 14; 1304 Sur-Reply 16 Ex. 1007, 14; 1304 Sur-Reply 16

the system does not lose lock
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Welch’s Sensor Module Does Not Provide Information Characterizing
Sensor Type

’632 cl. 59

AE e TELER 0 e oy 59. The method of claim 47 wherein providing configu-
g ration information from the sensor modules includes pro-

LI type of data produced by viding information characterizing a type of a sensor asso-
HiBall LEPD sensor ciated with a sensor module.

This configuration of Ex. 1001, cl.59; e.g., 1305 Sur-Reply 17

Welch’s Kalman filter is
=18 done by the system

. . Welch-2001’s Kalman filter is configured in accordance
designer, not provided by a

sensor module
E.g., 1305 Reply 16; 1305 Sur-Reply 17 produced by the HiBall’s LEPD sensor.

with such a measurement vector in order to account specifically for the type of data

1305 Reply 16

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 35



Welch’s Sensor Module Does Not Provide Information Characterizing

Sensor Position or Orientation
’632 cl. 60

Petition

A POSITA thus would have understood that the pose estimates from
the calibration would constitute “configuration information...characterizing a

position or an orientation of a sensor.” Ex.1005 §304.

1305 Petition 40

Reply

In both cases, the Petition relies on the measurements, and associated
type of measurements, taken during Welch-2001’s “online” and “offline” calibration

Process.

1305 Reply 17

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 36
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157] ABSTRACT

A three-dimensional position and orientation tracking sys-
tem uses accelerometers to measure aceeleration of a move-
able object (c.g., & hesd-mounied display unit or a data
glove). A tracking processor generaics bath position and
orientation information on the object relative 1o & simulation
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as a function of the acceleration data. In one
embodiment, a simplified rader-based tracking system is
disposed relative 1o the object end periodically provides
additionsl tracking data on the object to the tracking pro-
cessor. The tracking processor uses the additional data to
correet the position. and orientation information using a
fecdback filter process. The position and orlentation infor-
mation signals penerated can be used, for cxample, in a
simulation or virual reality application. Position and orien-
tation information {s received by a simulation processor
relative 1o the object. The simalation processor modifics a
simulation environment as a function of the position and
orientation information received. Modified simulation envi-
roament information (e.g., video andfor audio information)
is then presented to a user.

21 Claims, 9 Drawing Sheets
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Horton Accelerometer System

Initialization and calibration routine 48
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Ex. 1010, Fig.3; e.g., 1304 POR 9

FEEDBACK LOOP
(APPROX. 1Hz)

—Tjo

READ
MEASUREMENTS
FROM EXTERNAL

TRACKING SYSTEM

l /100

GENERATE
CORRECTION
FACTORS

l

CORRECTIONS
ae,pe,ve(le,
we

120

130

Accelerometer
initialization and calibration 48 is initiated prior to each
system use to correct for the bias and scaling factors of the
accelerometers due to such factors as time, temperature,
mechanical jarring and the like. Accelerometers 1-6 are
initialized 48 by loading the values of the accelerometer
biases which are pre-specified at the factory or obtained
from accelerometer specifications. Calibration 48 of accel-
erometers 1-6 is accomplished by running tracking system
15 while the object to be tracked 300 (e.g., head-mounted
display (HMD) on a user) remains stationary. Position and
orientation 130 are calculated according to the present
invention as specified herein. Feedback filter loop 89 (dis-
cussed below, see also Digital and Kalman Filtering by S.
M. Bozic, John Wiley and Sons, N.Y.) compares calculated
position and/or orientation measurements 130 with the
known position and/or orientation measurement (known to
be stationary) and uses discrepancies between the two
measurements to solve for bias and scaling factors 50 for
each accelerometer 1-6. Tracking system 15 is operated
such that main loop 41 is executed multiple times (approxi-
mately 15-20) for a successful calibration 48.

Ex. 1010, 5:60-6:14; e.g., 1304 POR 9; 1304 Sur-Reply 19
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Horton Accelerometer System

External tracking system 170

| FEEDBACK LOOP
(APPROX. 1Hz)

Feedback loop 89 (also known as a Kalman filter) com-
prises reading tracking measurements 90 (e.g., position,

89 0
MAIN LOOP “\J ) . . ;
4y (APPROX. 50-300Hz) /90 orientation, and/or velocity) from external tracking system
. N 44 READ 170 (FIGS. 6, 7) disposed relative to object 300 and gener-
LI PROM EXTERNAL ating 100 correction factors 120. Generation 100 of the
ACCELERATION READ DATA FROM TRACKING SYSTEM . . R . . .
DATA " | ACCELEROMETERS : o correction factors 120 is described in more detail with
l / reference to FIG. 5§ below. Correction factors 120 are used
GENERATE in calculation 60 of position and orientation information
45 FACTORS 130.
N P l Ex. 1010, 6:34-42; e.g., 1304 POR 9
S| posiion A | CORRECTONS '\ 179
>0 7| RFGRMATION Twe
ACCELEROMETER
48~ "INITIALZATION |—— ACCELEROMETER
AND CALIBRATION B
\j
O B0) ~ 130
INFORMATION
180
L
SIMULATION
ENVIRONMENT
FIGURE 3

Ex. 1010, Fig.3; e.g., 1304 POR 9
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Horton Accelerometer System

Main loop 41

48

ACCELEROMETER
INITIALIZATION
AND CALIBRATION

FEEDBACK LOOP
(APPROX. 1Hz)

MAIN LOOP

OJ \
(APPROX. 50—300Hz) l 90
41 —\ /
44 READ
39 Y ~ MEASUREMENTS
FROM EXTERNAL
ACCELERATION READ DATA FROM TRACKING SYSTEM
DATA ACCELEROMETERS .
l 100
GENERATE
CORRECTION
FACTORS
46
ACCELEROMETER 60 l
MOUNTING v /
PATA CALCULATE
POSITION AND f§ o | CORRECTIONS 120
50 ORIENTATION ae,pe,ve,fle,
INFORMATION we
» ( ACCELEROMETER /
BIAS AND
SCALING
]
POSITION AND
ORIENTATION 130
INFORMATION
l 180
SIMULATION
ENVIRONMENT
FIGURE 3

Ex. 1010, Fig.3; e.g., 1304 POR 9

In main loop 41 tracking processor 40 rcads 44 accelera-
tion data 35 from accelerometers 1-6 and calculates 60
position and orientation information 130.

Ex. 1010, 6:25-27; e.g., 1304 POR 9, 43, 54

After incorporating correction factors 120 from feedback
filter loop 89, the output of calculation 60 is position and
orientation information 130.

Ex. 1010, 7:1-3; e.g., 1304 POR 9, 43, 54

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Horton Accelerometer System

Calculation 60 of position and orientation information 130
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CDRRBCTIONS - CORRECTIONS — CZ%EC%%ESN -y CORRECTIONS
e pe
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POSITION AND
ORIENTATICN
INFORMATION

FIGURE 4

Ex. 1010, Fig.4; e.g., 1304 POR 43, 54
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Petitioner’s Sensor Subsystem and Estimation Subsystem Overlap

’632 cl. 1 & dependent claims; ’253 cl. 1 & dependent claims

Estimation Subsystem Sensor Subsystem

“main loop 41 and the Kalman filter
(i.e., feedback loop 89) executed by
tracking processor 40”

“Initialization routine 48 and related
data”

Petitioner

E.g., 1304 Reply 15-16

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Petitioner’s Sensor Subsystem and Estimation Subsystem Overlap

’632 cl. 1 & dependent claims; ’253 cl. 1 & dependent claims

Main loop 41 (part of the asserted

estimation subsystem) is used within
initialization and calibration routine 48

(the asserted sensor subsystem).

position and/or orientation measurements 130 with the
known position and/or orientation measurement (known to
be stationary) and uses discrepancies between the two
measurements to solve for bias and scaling factors 50 for
each accelerometer 1-6. Tracking system 15 is operated
such that main loop 41 is executed muitiple times (approxi-
mately 15-20) for a successful calibration 48.

Ex. 1010, 6:4-14; e.g., 1304 POR 9, 43

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Petitioner’s Sensor Subsystem and Estimation Subsystem Overlap

’632cl. 1&’253 cl. 1

Petitioner and its expert acknowledged this overlap.

35

46

ACCELEROMETER

48 7 INITIALIZATION
AND CALIBRATION

@,

20
» ( ACCELEROMETER
BIAS AND
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ACCELERATION
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ACCELEROMETER
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(APPROX. 5D—300Hz) ,JQD
44 READ
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FROM EXTERNAL
READ DATA FROM TRACKING SYSTEM
* | ACCELEROME TERS
100
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CORRECTION
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80 J
A
CALCULATE
\ POSITION AND | o | CORRECTIONS 120
ORIENTATION ae,pe,ve,fle, .
/ INFORMATION we

FIGURE 3

FOSITION AMD
ORIENTATION
INFORMATION

130

SIMULATION
ENVIRONMENT

E.g., 1304 Petition 40 (annotating Ex. 1010, Fig.3)

A POSITA therefore would have

understood that the main loop 41 of the sensor subsystem includes coupling software

modules associated with each accelerometer. Ex.1005 9140.

E.g., 1304 Petition 43

The main loop 41 couples the estimator and sensor subsystems and 1s part

of both.
Ex. 1005 4 129 (cited in 1304 Petition 40); 1304 POR 43; 1304 Sur-Reply 17
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Petitioner’s Sensor Subsystem and Estimation Subsystem Overlap

’632cl. 1&’253 cl. 1

Horton uses the same pose
calculation process for sensor
calibrating and for object tracking.

There is no way to update or change
one without the other.

A change to pose calculation
affects calibration.

A change to sensors affects the
object tracking process.
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Horton’s Sensor Subsystem Does Not Provide Configuration Data

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

1. A method for tracking an object comprising:
coupling a sensor subsystem to an estimation subsystem,
said sensor subsystem enabling measurement related to
relative locations or orientations of sensing elements;
accepting configuration data from the sensor subsystem;
configuring the estimation system according to the
accepted configuration data;
repeatedly updating a state estimate, including
accepting measurement information from the sensor
subsystem, and
updating the state estimate according to the accepted
configuration data and the accepted measurement
data.

Ex. 1001, cl.1

47. A method of using multiple sensors in a tracking
system comprising;:
providing an estimation module;
coupling one or more sensor modules to the estimation
module, each associated with a different set of one or
more Sensors;
configuring the tracking system, including
providing configuration information from each of the
sensor modules to the estimation module regarding
the characteristics of the sensors associated with the
sensor module, and
configuring the estimation module using the provided
configuration information;
maintaining estimates of tracking parameters in the esti-
mation module, including repeatedly
passing data based on the estimates of the tracking
parameters from the estimation module to one or
more of the sensor modules,
receiving from said one or more sensor modules at the
estimation module data based on measurements
obtained from the associated sensors, and the data
passed to the sensor modules, and
combining the data received from said one or more
sensor modules and the estimates of the tracking
parameters in the estimation module to update the
tracking parameters.

1. A tracking system comprising;:

an estimation subsystem; and

a sensor subsystem coupled to the estimation subsystem
and configured to provide configuration data to the esti-
mation subsystem and to provide measurement informa-
tion to the estimation subsystem for localizing an object;

wherein the estimation subsystem is configured to update a
location estimate for the object based on configuration
data and measurement information accepted from the
sensor subsystem.

Ex. 1001, cl.47

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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None of the Data on Which Petitioner Relies Is Configuration Data
Provided by the Sensor Subsystem or Module

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

Petitioner identifies:
Position and orientation measurements taken during calibration
Pre-specified accelerometer biases

Accelerometer mounting data

E.g., 1304 Reply 18-22; 1304 Sur-Reply 18-20

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 48



None of the Data on Which Petitioner Relies Is Configuration Data
Provided by the Sensor Subsystem or Module

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

Petitioner Megsurgments taken during . | - Position and
calibration orientation 130 are calculated according to the present

: invention as specified herein. Feedback filter ioop 89 (dis-

Nt UsEe 1D aelizie cussed below, see also Digital and Kalman Filtering by S.

Used only within the sensor M. Bozic, John Wiley and Sons, N.Y.) compares calculated

e re . position and/or orientation measurements 130 with the

sut?syst.em (m't,lallzatlon and known position and/or orientation measurement (known to

S JH el calibration routine 48); not be stationary) and uses discrepancies between the two

provided from the sensor measurements to solve for bias and scaling factors 50 for
subsystem each accelerometer 1-6.

Ex. 1010, 6:3-12; e.g., 1304 Sur-Reply 19
No expert support

E.g., 1304 POR 44-45; 1304 Reply 22-23; 1304 Sur-Reply 18-20

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 49



None of the Data on Which Petitioner Relies Is Configuration Data
Provided by the Sensor Subsystem or Module

’632 cls. 1,47 & dependent claims; 253 cl. 1 & dependent claims

FEEDBACK LOOP
(APPROX. 1Hz)

MAIN LOOP 89~
. . (APPROX. 50—300Hz) 90

i 11- 1@ Pre-specified biases ) 1~ P R}w J

Used only within the sensor —» S AR l il iy

subsystem (initialization and -

calibration routine 48); not 46 |

ACEITLELS provided from the sensor P l
subsystem or module . > SRS Yo
s~ ACCEERONETER
NO expert Support /\lAND CALIBRATION SCALING “
E.g., 1304 Sur-Reply 19-20; 1305 Sur-Reply 24 S .
INFORMATION
180
FIGURE 3

Ex. 1010, 5:64-6:12, Fig.4 (annotated by Petitioner); e.g., 1305 Reply 26; 1305 Sur-Reply 24
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None of the Data on Which Petitioner Relies Is Configuration Data
Provided by the Sensor Subsystem or Module

Accelerometer mounting
data
Constants programmed into

the main loop by the system
designer

Petitioner

Rebuttal

Not accepted or provided
from sensor subsystem or

module
E.g., 1304 POR 45 n.11; 1304 Sur-Reply 20

14
15
16
17
18
19
20
21
22
23
24

]
N

O 00 9 N D b W

Q. Okay. And the sensors don't determine --
like the accelerometer doesn't determine that
mounting data itself, correct? It's the person who
set up this system who determines that mounting data?

A. Yeah, it's a physical thing. They construct
some sort of module that will hold the
accelerometers. You have to mount them somehow so
they don't move around.

And you are make them as rigid and accurate
as possible. You record the data as best as you can.
You measure it. And that becomes the mounting data.
Now, there's always error. Nothing is exact
but that's your 1nitial values that constitute what I
believe to be bubble 46.

Q. And you said you have to mount them, you
record the data as best you can, you measure it, the
"you" that you were referring to is like the
individual who's setting up the tracking system; 1s
that correct, the person?

A. It would be the person building it,
designing it --

Ex. 2009, 155:14-156:9; e.g., 1304 Sur-Reply 20
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Horton’s Estimation Subsystem Does Not Pass Information Back to a
Sensor Subsystem or Modules

'632 cls. 30, 47 & dependent claims In one embodiment, position and orientation information
130 is transmitted in a data signal consisting of six elements-
three position elements (e.g., X, y, z) and three orientation
elements (e.g., roll, pitch, yaw). Each element is two bytes

Relies on purported long. Each value or element is in twos complement format,

LTl “request mode” to “trigger a thus the decimal values ~32,768 to 32,767 are covered.
” Measurements are the decimal value divided by 100. Thus,
sensor measurement measurements from -327.68 to 327.67 (e.g., degrees, cm,

inches, feet or other angle or linear measurements) can be

I 66 »
Horton’s requeSt mode” is transmitted. Information 130 is transmitted in a standard

a request to the tracking serial interface of three lines—transmit, receive, and
system for the calculated ground—standard 8 bit words, no parity, and 1 stop bit. A
mode of operation can be specified as follows:
Rebuttal pose, notarequest to the R—request mode (default). Position and orientation is
accelerometerto take a transmitted upon request.
measurement F—free running mode. Position and orientation is trans-
mitted as calculated.
M-—mode change. Informs tracker that mode in which
No expert support position and orientation is transmitted (R or F) will

E.g., 1305 Reply 20, 27-28; 1305 Sur-Reply 20-21, 25 change.

Ex. 1010, 4:47-67: e.g., 1305 Sur-Reply 20

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE



Horton’s Estimation Subsystem Does Not Pass Information Back to a
Sensor Subsystem or Modules

632 cls. 30, 47 & dependent claims

/1 /2 /3 /4 /,5 /5
(Measurement) LINEAR LINEAR LINEAR LINEAR LINEAR LINEAR
Sensor| |ACCELEROMETER ACCELEROMETER ACCELEROMETER ACCELEROMETER ACCELEROMETER ACCELEROMETER
) | 7 | 8 ] Ik | 10 ! il l 12
. . Sensor LOW PASS LOW PASS LOW PASS LOW PASS LOW PASS LOW PASS
wherein the sensor module is configured to s FILTER FILTER FILTER FILTER FILTER | R
receive information related to an expected sensor mea- b I I [ J. | l |
surement over the communication interface, Module
- MULTIPLEXOR |~ 20
Ex. 1001, cl.30 |
Communication A/D 15
Interface CONVERTER |~ ™~ 30
passing data based on the estimates of the tracking param- - '

eters from the estimation subsystem to one or more of the

sensor modules, =

ACCELERATION
DATA

Ex. 1001, cl.47 - P

TRACKING POSITION AND
MEMORY  §=—| pRocESSOR | ORIENTATION 130
INFORMATION

Ex. 1010, Fig.1 (annotated by Petitioner); 1305 Reply 19, 24; 1305 Sur-Reply 19, 23
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Horton’s Sensor Module and Subsystem Do Not Receive Information
Related to an Expected Sensor Measurement

’632 cl. 30 & dependent claims

- Relies on anticipation that a
Petitioner .
measurement will occur

Patent describes “expected

=6 01ee: |8 sensor measurement” as a

calculated numerical value
E.g., 1305 Reply 20; 1305 Sur-Reply 20

It is also useful
to compute the difference between the expected measure-
ment based on the estimated pose, Z.=h_(}A;), and the actual
sensor measurement.

As will be described 1n more detail below, PSE
drivers 120 include information and interfaces that are
specific to the PSE devices 105, and data and code needed
for computation of the linearized observation matrices,
observation noise covariance matrices, and expected sensor
measurements and/or innovations as described above.

14. The method of claim 11 wherein accepting the infor-
mation related to an actual sensor measurement includes
accepting information enabling the estimation subsystem to
calculate a difference between the actual measurement and
the expected measurement.

Ex. 1001, 15:47-50, 16:50-56, cl.14; e.g., 1305 Sur-Reply 20

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Petitioner Does Not Identify Multiple “Sensor Modules” in Horton.
632 cl. 2 & dependent claims

Claim 2 recites “software

In accordance with common English usage, we

modules,” plural. presume a plural term refers to two or more items.

Petitioner identifies Onl_y one Apple Inc. v. MPH Techs. Oy, 28 F.4th 254, ngo(dljeéd. CRir. 2|02222));
ur-ne

purported “software module.” oy

Ex. 1001, cl.2; 1304 Sur-Reply 21-22

Horton teaches that its “tracking processor 40” can be a general purpose
processor, which runs the “sofiware module™ associated with each sensing element

and that includes both main loop 41 and feedback filter 89.

1304 Reply 23

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 55



The Result of Horton’s Calibration Process Cannot Be Both an Input to and
Output of the State Estimation Update Process Within the Same Claim

'’632 cls. 6,9, 11 & dependent claims

Horton uses discrepancies

1. A method for tracking an object comprising: between the object’s calculated position/orientation (pose) and its known pose when
coupling a sensor subsystem to an estimation subsystem,
said sensor subsystem enab]ing measurement related to stationary to calculate additional pose correction factors. See EX1010, 6:5-11.
relative locations or orientations of sensing e¢lements;
. . L]
accepting configuration data from the sensor subsystem; —
configuring the estimation system according to the }
accepted configuration data; INPUT: Bias and scaling factors 50

repeatedly updati-ng a state estimate, including
accepting measurement information from the sensor 1304 Reply 22; see 1304 Sur-Reply 23-24
subsystem, and
updating the state estimate according to the accepted
configuration data and the accepted measurement

data. Horton teaches: “Tracking system 15 1s operated such that main loop 41 is
Ex. 1001, cl.1 executed multiple times (approximately 15-20) for a successful calibration 48.”
6. The method of claim 1 wherein the state estimate
characterizes configuration information for one or more OUTPUT: Bias and Scaling factors 50

sensing elements hxed to the object.

1304 Reply 24; see 1304 Sur-Reply 23-24
Ex. 1001, cl.6
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Horton’s External Tracking Sensors Are Not Part of the Sensor Subsystem

632 cl. 25

Relies on external tracking

Petitioner

system sensors

Claim 25’s sensing ssainmasn
elements must be part of
the sensor subsystem, ACCEI—EROMETER
which Petitioner asserts is 48 " INITIALIZATION
Rebuttal “initialization routine 48 and AND CALlBRAﬂON

related data”

Sensors in the external
tracking system are not part Ex. 1010, Fig.3; e.g.,1304 POR 61; 1304 Sur-Reply 25

of “initialization routine 48”
E.g.,1304 POR 61; 1304 Reply 25-26; 1304 Sur-Reply 25
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Horton’s Estimation Module Is Not Configurable To Use Different Sensors

632 cl. 50

Horton teaches using
varying numbers of
A Tl accelerometers and

352. As explained above, Horton does not in fact describe using “varying

different external tracking numbers of” any type of sensor in a given system. See, e.g., Section IX.C.3.b.
SyStemS Rather, Horton describes different systems hard-wired to use different numbers of
The pOSSIbIlIty of bUIldlng accelerometers or external sensors based on different needs. Ex. 1010, 3:44-51.

different systems does not
meet the claim requirement
that a particular estimation
modaule is “configurable” to

use different sensors
E.g., 1305 Reply 29; 1305 Sur-Reply 26-27

There is no disclosure or teaching in Horton of changing the number of sensors that

Rebuttal

any given system uses.
Ex. 2007 § 352; e.g., 1305 POR 63; 1305 Sur-Reply 26-27

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 58



Horton’s Accelerometer Mounting Data Does Not Characterize Sensor Type

’632 cl. 59

Petitioner

Rebuttal

Relies on mounting data,
because accelerometers

are purportedly mounted 14
differently 15
Mounting data is not and 16
does not describe sensor 17
type

18
Different types of sensors 19

may be mounted in the
same way
E.g., 1305 Reply 30; 1305 Sur-Reply 27

Q. So different sensors are typically mounted
differently because they measure different
things?

A. They could be mounted the same way and
measure different things. They could be mounted

the same way --

Ex. 1033, 176:14-19; e.g., 1305 Sur-Reply 27
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Horton’s LPF/Multiplexer/A/D Converter Do Not Perform Computations

'253¢l.3 The PSE drivers 120 provide interfaces to PSE devices
LPFs/Multiplexer/A/D 105. PSE drivers 120 are software modules, which may be

- written by manufacturers of PSE devices 105 independently
oD Converter perform of the specific implementation of the sensor fusion core, and
computations are implemented as shared object library files, such as “.dIl”

(dynamic link library) files under Windows or “.so” files

Signal processing of this under Unix. As will be described in more detail below, PSE

sortis not “computation” drivers 120 include information and interfaces that are spe-
: cific to the PSE devices 105, and data and code needed for
The patenjc describes computation of the linearized observation matrices, observa-
computations as tion noise covariance matrices, and expected sensor measure-
=1 mathematical operations ments and/or innovations as described above.
carried out using data and Ex. 1003, 16:20-32
code :
19 Q Okay. In the process of putting together
Petitioner’s expert did not 20 those opinions, did you refer to the patent at all?
consider this context 21 A 1 don't recall referring specifically to the

E.g., Ex. 2007 ] 441; 1308 POR 55-57; 1308 Reply 27; 1308 Sur-Reply 20-21 22 text Of the patent, no.
Ex. 2025, 9:19-22
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Grounds and Challenged Claims

Welch & Horton: Enumerating, selecting pairs, and expected utility

1305 Ground |

Welch 2001 & Welch 1997

632 patent, cls. 33-36

1308 Ground |

’253 patent, cls. 6-9

1304 Ground Il

’632 patent, cls. 20-21

Horton 1305 Ground IV

’632 patent, cl. 33

1308 Ground IV

’253 patent, cls. 6-9

1305 G dV
Horton & Welch 1997 roun

632 patent, cls. 34-36

1308 Ground V

’253 patent, cls. 7-9

Other prior art references

Kramer & Chen 1304 Ground V

‘632 patent, cls. 66-68

EINE A EHEAWVE O AR 1304 Ground VI

’632 patent, cl. 69

Welch 2001, Welch 1997 & R[S EI(eI8[aleRIl

632 patent, cls. 54-55 & 57-58

Harris 1308 Ground Il

’253 patent, cls. 3-5

Welch 2001, Welch 1997 &

Reitmayr 1308 Ground llI

’253 patent, cls. 3-4

Horton & Harris 1305 Ground VI

632 patent, cls. 54-55 & 57-58

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE

61






Grounds and Challenged Claims

Welch & Horton: , selecting pairs, and expected utility

Welch 2001 & Welch 1997 1305 Ground |

’632 patent, cls. 33-36

1308 Ground |

’253 patent, cls. 6-9

Horton 1305 Ground IV

’632 patent, cl. 33

1308 Ground IV

’253 patent, cls. 6-9

1305 Ground V

Horton & Welch 1997

’632 patent, cls. 34-36

1308 Ground V

’253 patent, cls. 7-9

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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“Enumerating”: Claim Language

enumerating a set of sensing elements available to a
tracking system that includes an estimation subsystem
that estimates a position or orientation of an object;

Ex. 1001, cl.33; see Ex.1003, cl.6

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE

64



“Enumerating”: Claim Construction

“enumerating a set of sensing elements available to a tracking system”

Patent Owner’s Construction Petitioner’s Construction

“specifying or listing each of the sensing elements “determining the number of” sensing elements
available to a tracking system”

No expert or other evidence that enumeration
Enumeration is a process performed by the system need not be performed by the system
prior to the configuration process whereby available
sensors are identified

E.g., 1305 POR 20-23: Ex. 2007 §974-76 E.g., 1305 Reply 5: 1305 Sur-Reply 7
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The Patents Explain that Enumeration Is Performed by the System

Meta-driver 122 then requests that each PSE driver 120
enumerate the PSE devices 105 that are available to navi-
gation system 90 through that PSE driver and collect con-
figuration information from those sensors.

Ex.1001, 18:48-51; e.g., 1305 POR 22

One function call (e.g., stMetaEnumerate( )) invokes the
enumeration process and returns a list of PSEs available to
navigation system 90.

Ex.1001, 22:16-18; e.g., 1305 POR 22

By using meta-driver 122 to enumerate the PSEs available
upon power-up of navigation system 90, the navigation
system 1s able to automatically reconfigure itself and con-
tinue to perform accurate map building and navigation when
PSE devices or IMUs are added or removed from the
system. This capability is referred to as “plug-and-track”.

Ex.1001, 19:1-6; e.g., 1305 POR 22

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Patent Owner’s Expert: Enumeration Is Performed by the System

The POSITA would have understood:

* “The patents further explain that ‘enumeration’ is a particular process performed
by the system prior to the configuration process whereby the available sensors
are identified.” 974

* “This enumeration process ... is how the system learns which sensors are
available to it at any given time, and therefore is important to the ... plug-and-
track functionality described in the patent, allowing the system to work with
varying numbers and types of sensors.” 75

Yohan Baillot
CEO and Founder, ARCortex Inc.

Ex. 2007; e.g., 1305 POR 22

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE 67



Petitioner Relies on Designer Specifying the Sensors
’632 cl. 33 & dependent claims; 253 cl. 6 & dependent claims

The only way for “each source or sensor to be calibrated™ as
taught by Welch-1997 would be to “specify” to the system “cach” sensor available
to the tracking system that must be calibrated. See EX1038 €911-16: EX1008 §§

3.2,32.1.
E.g., 1305 Reply 8; seg, e.g., 1305 Sur-Reply 10-11

(1553

Horton teaches setting a value “1” in its Table 1 code, which determines the
number of accelerometers available to the system. See EX1010, 11:16-17; EX1033,
164:18-165:1. In one embodiment, it is determined that there are six accelerometers.
See EX1010, Fig. 1, 3:41, 3:64. The system then initializes each of these six

accelerometers. See EX1010, 5:64-6:3.
E.g., 1305 Reply 22-23; see, e.g., 1305 Sur-Reply 21
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Grounds and Challenged Claims

Welch & Horton: Enumerating, selecting pairs, and expected utility

1304 Ground Il ’632 patent, cls. 20-21

Horton

1308 Ground IV ’253 patent, cls. 6-9

1305 Ground V ’632 patent, cls. 34-36

Horton & Welch 1997

1308 Ground V ’253 patent, cls. 7-9

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE



“Selecting Pairs”: Claim Language

selecting a pair of sensing elements for measurement;

Ex. 1001, cl.20

selecting
a pair of sensing elements from the sequence of candidates,

Ex. 1001, cl.34; see Ex.1003, cl.7

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Horton’s External Tracking System Does Not Select a Pair of Sensing Elements
632 cls. 20-21, 34-36; 253 cls. 7-9

. | reEDBACK LOOP
Horton’s external trackin (APPROX. 1h2)
: : ool By )|
.. system could be an optical 1~ » Y
Petitioner : 35 VD essUREeNTs
trackgr that uses pairs of o A,
sensing elements i
GENERATE
Horton’s external tracking TR
46 ‘
system does not generate a . cELEROVETER 0 l
“ f candidates of Kl et
sgqtience of candidates o ) | e | comecrons
pairs” of sensors and targets A7 | ivoriiTon e
Rebuttal 8~ | “WRATEATON |- (Ao
Horton does not describe '

POSITION AND
ORIENTATION
INFORMATION

130

“selecting” sensors or
targets in conjunction with

an external tracking system
E.g., 1308 Petition 70; 1308 POR 9, 60-61; 1308 Reply 29

SIMULATION
ENVIRONMENT

FIGURE 3

Ex. 1010, Fig.3; e.g., 1304 POR 9
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Horton Does Not Disclose Selecting a Pair of Accelerometers

’632 cls. 20-21, 34-36; ’253 cls. 7-9

120
ACCELERATION READ /44
CORRECTIONS ACCELERATION
H ) 1 l °e ACCELEROMETERS
Petiti orton’s six accelerometers 120 T
etltloner o o \ APPLY CALCULATE POSITION AND
62 ORIENTATION INFORMATION
comprise three pairs - el -
120 76
. * /
H O rto n d OeS n Ot pa Ir cceLeromeTERY T | D CENTRPETAL | =1 upoaTe DIRECTION
: » HouNTiG SRR S |5 | CoSES AT
accelerometers in this way ; :
CONVERT ACCELERATION 56 CONVERT LINEAR Jao
DATA TO LINEAR BODY BODY ACCELERATIONS
AND ANGULAR TO LEVEL FRAME
Horton does not “select” —— ——
68 82
pairs e || |t )
12
v ' 84
Rebuttal
ANGULAR ey ° appLy vewoory | oielons
N O S U p p O rt fro m H O rto n O r ELOCITY | _,| CORRECTIONS CORRECTIONS e
we } ‘
L . ’
Petitioner’s expert apmEran || | wpeee, |5
O R
120 120
v 74 ! 88
.
A t for th y
rgument was ral sed for the cotifons Y| o| tememes V|| e s [ | (7 posmon
. . . Qe pe
firsttime in reply
130
E.g., 1308 Petition 70; 1308 Reply 29-30; 1308 Sur-Reply 23-25 (R e .
FIGURE 4 INFORMATION
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Grounds and Challenged Claims

Welch & Horton: Enumerating, selecting pairs, and

Welch 2001 & Welch 1997 1305 Ground |

’632 patent, cls. 33-36

1308 Ground |

’253 patent, cls. 6-9

1304 Ground Il

’632 patent, cls. 20-21

Horton 1305 Ground IV

’632 patent, cl. 33

1308 Ground IV

’253 patent, cls. 6-9

1305 Ground V

Horton & Welch 1997

’632 patent, cls. 34-36

1308 Ground V

’253 patent, cls. 7-9

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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“Expected Utility”’: Claim Language

according

to an expected utility of a measurement associated with said

clements to the updating of the state.

Ex. 1001, cl.21

the
sequence based on an expected utility of a measure-
ment associated with said elements to the estimation
subsystem.

Ex. 1001, cl.33
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“Highest Expected Utility’’: Claim Language

the
selected pair having highest expected utility of a measure-
ment among the sequence of candidates.

Ex. 1001, cl.34; see Ex. 1003, cl.7

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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“Expected Utility”’: Claim Construction

“expected utility of a measurement”

Patent Owner’s Construction Petitioner’s Construction

“expected information gain of a measurement” “utility” means “usefulness”

E.g., 1305 POR 23-24: Baillot 1q] 78-82

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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The Specification Supports Patent Owner’s Construction
’632 cls. 21, 33-36; 253 cls. 7-9

MMU 304 selects a pair of PSEs from among the pairs of
PSEs that are available to make measurements. MMU 304
makes the selection based on an “information gain™ that
represents the utility (or usefulness) of a measurement by the
pair of PSEs to navigation system 90.

After MMU 304 selects the pair of PSEs that can make a
measurement having the highest information gain, the MMU

Ex. 1001, 19:33-39; e.g., 1305 POR 23-24

DEMONSTRATIVE EXHIBIT ¢ NOT EVIDENCE
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Welch 2001 Does Not Disclose an Expected Utility of a Measurement

’632 cls. 33-36;’253 cls. 7-9

Petition: Welch 2001 discloses

sampling LEDs to estimate yaw We begin with an exhaustive LED scan of sufficiently
fine granularity to ensure that the central primary field
of view is not missed. For the present ceiling, we flash
every thirteenth LED in sequence, and look for it with
the central LEPD until we get a hit. Then, a sufficiently
large patch of LEDs, centered on the hit, is sampled to

{11 @ Reply: Welch 2001’s every 13th
LED sequence has more utility
than “more-selective”
measurements

LEDs being useful to estimate
yaw is not the same as expected ensure that several of the views of the central LEPD will

utility be hit. The fields of view are disambiguated by using the

Comparing utility across the initial hits to estimate the yaw of the HiBall (rotation

QTGN o o surements does not about vertical); finally, more-selective measurements are
bear on their sequence used to refine the acquisition estimate sufficiently to

No expert support for new switch into tracking mode.

argument Ex. 1007, 14
E.g., 1305 Petition 24; 1305 POR 31-32; 1305 Reply 9; 1305 Sur-Reply 11-12
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Welch 2001’s Least-Recently-Used Heuristic Does Not Achieve the
Highest Expected Utility

’632 cls. 34-36;°253 cls. 7-9

Welch 2001 selects the

least-recently-used LED The intersection of these rays and the
Least-recently-used approximate plane of the ceiling determines a 2-D
heuristic does not achieve bounding box on the ceiling, within which are the can-
the highest expected utility didate LEDs for the current view. One of the candidate

Rebuttal i : 1 y i
Petitioner improperly LEDs is then chosen in a least-recently-used fashion to

imports a “balancing”

concept into claims
E.g., 1305 Petition 24-25; 1305 POR 32-33; 1305 Reply 9; 1305 Sur-Reply 12-13

Petitioner

ensure a diversity of constraints.
Ex. 1007, 13
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Horton Does Not Disclose an Expected Utility of a Measurement
632 cls. 21, 33-36; 253 cls. 7-9

» Horton discloses using pairs In one embodiment six accelerometers 1-6 are used to
LG Tl of accelerometers, as well as track six degrees of freedom of an object in three dimensions
adding accelerometers (e.g., X, ¥, z position coordinates and roll, pitch, yaw
oricntation components). More than six accelerometers can
be used 10 obtain a greater degree of accuracy (e.g., by
averaging or interpolation) and/or redundancy. Alterna-

No sequence of candidates
of pairs of accelerometers

No sequence based on tively, three dual-axis or twWo triaxial accelerometers can be
expected utility employed to track the six degrees of freedom of an object in
Rebuttal three dimensions, Fewer accelerometers (e.g., four) could be
No selection based on used to track the object, for example, in a two-dimensional

space or one-dimensional space (e.g., two accelerometers).
Groups or clusters of accelerometers can also be used to
No expert support for these track a plurality of objects.

arguments introduced in reply Ex. 1010, 3:41-53
E.g., 1305 POR 53-54; 1305 Reply 23; 1305 Sur-Reply 22-23

highest expected utility
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Grounds and Challenged Claims

Welch & Horton: Enumerating, selecting pairs, and expected utility

1305 Ground |

1308 Ground |

1304 Ground Il
1305 Ground IV
1308 Ground IV
1305 Ground V
1308 Ground V

Welch 2001 & Welch 1997

Horton & Welch 1997

Other prior art references

’632 patent, cls. 33-36
’253 patent, cls. 6-9
’632 patent, cls. 20-21
’632 patent, cl. 33
’253 patent, cls. 6-9
’632 patent, cls. 34-36
’253 patent, cls. 7-9

Kramer & Chen 1304 Ground V

’632 patent, cls. 66-68

EINE A EHEAWVE W O AR 1304 Ground VI

632 patent, cl. 69

Welch 2001, Welch 1997 & RclSRel(elil[sMI]
Harris 1308 Ground Il

Welch 2001, Welch 1997 & ey

Reitmayr
Horton & Harris 1305 Ground VI

’632 patent, cls. 54-55 & 57-58
’253 patent, cls. 3-5

’253 patent, cls. 3-4
’632 patent, cls. 54-55 & 57-58

DEMONSTRATIVE EXHIBIT « NOT EVIDENCE
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Kramer (U.S. Patent No. 5,592,401)

[57] ABSTRACT

In accordance with the subject invention, devices and meth-
ods are provided for the accurate reporting of movement of
an entity. Sensors which are accurate, but provide a delayed
oo Sttt e AL signal (“delayed signal sensors”), which delay is unaccept-
Keamer alnald e Il able for many applications, may be used in conjunction with
S e : fast sensors (““fast signal sensors™), which are usually subject
to drift and other inaccuracies in providing information
about a position. Additional sensors which may provide
even more accurate and/or less signal sensor delay for a
period of time, but which sensor signal is subject to periods
of interrupted or undesirable output thereby making it unre-
liable (“unreliable signal sensors”) may also be used in
combination with one or more of the delayed signal sensors
and fast signal sensors. By using a combination of such
sensors, accurate, reliable position information is rapidly
obtained to allow high-resolution and/or real-time analysis
and depictions of movement. Complex rapid movements
associated with athletics, music, and other rapid activities
can be monitored in real-time to provide accurate informa-
tion during the movement. Such information may then be
used to analyze the movement, for instruction for improve-
ment, for repeating the activity in a virtual setting and the
like.

SENSING DSING MULTTPLE SENSING
TECHNOLOGIES

[75] Tnveator Jases F. Keamer, Menlo Pask, Celif.

I73] Assignee: Virwal Technologies, Inc., Palo Alin,
Calif.

[21] Appl. No: 395430
1221 Filed:  Weh. 28, 1995

[51] T €L s GOLB 21100
[52] Tl CL oo IGAISED, 3000524, 340610,
34IVGHG, 3641559, 641449.1; 4T3/128;

3149

[58] Field uf Search _....
643,

A

1561 References Cited

U.S. PATENT DOCUMENTS
865,565
4,396,855

Ex. 1030, Abstract; e.g., 1304 Petition 60-61
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Chen

Interface for Sensors and Actuators

Steven C. Chen, Aeptec Microsystems, Inc., Rockville, Maryland
Kang Lee, National Institute of Standards and Technology, Gaithersburg, Maryland

This article discusses some of the key issues of the proposed
IEEE P1451.4 standard - the existing mixed-mode transducer
ion schemes, the Electronic Data

Sheet (TEDS) requirements, compatibility with legacy systems,
and utilization of results of other P1451 developments to le-
verage exisling and emerging sensor-networking technalogies.

Today. the transducer industey produces and utilizes mainly
analog . ntorfacing these 1 t0 measurs-
ment and control systems is a major and costly undertaking.
While digital communication is the trend of the future, the
issue of interfacing analog transducers with additional smart
features Lo legacy systems shonld be addressed.

The tost and ity requires s
with built-in identi on which also fulfill more common
requirement ystem, small size, low cost, low pawer
consumption, etc. The test and measurement community will
bo hest served with a standardized transducer interface and a
uniquely identifiable sel of standardized protocols.

Due Lo the lack of such a standard, some transducer manu-
facturers have introduced various solutions hut have seen lim-
itad acceptance. An independent and openly defined standard
will reduce risk for potential users, transducer und system

and system i This will the

and of this technology. Thercfore, the

project, IEEE P1451.4, was established to develop a standard

that allows analog transducers to communicate digital infor-

wation (mixed-mode operation) for the purposes of self-iden-
tification and configuration.

The IEEE P1451 Working Groups have been working on=a
uniform approach for connecting sensors and actuators to com-
munication networks, control systams and measurcment sys-
tems. The P1451.1, 1451.2 and P1451.3 efforts focused vn net-
work-capable sensors and actuators with digital readings. The
P1451.4 effort proposes a mixed-mode smart transducer com-
munication protocol based an existing analog connections.
Italso specifivs TEDS formats for interlucing analog transduc-
ers with additional smart features to the lagacy systems. The
proposed interface will be designed to be compatible with other
P1451 network-capable ducer i

2 wire

P1451.4 Proposed Standard

The proposed standard will define an interface for mixed-
made transducers (i.e., analog transducers with digital output
Tor control and self-describing purpases) as part of the P1451
family of standards (see Figure 1), It will establish a standard
thatallows put, mixed il 10 commu-
nicate digital information with an I P1451 compliant ob-
ject. Hoth sensors and actuators are supporled and the exist-
ence of the P1451.4 interface is invisible from the network
viewpoinl.

Itis Lhe intent that all of the standards in the IEEE 1451 fam-
ily can be used cither as stand-alone or with each other. For
example, a ‘black box' transducer with a P1451.1 ohject model
combined with a P1451.4-compliant transducer is within the

ICP is a re ered trademark of PCB Piezotronics, Inc.
rogistored traden
& registervd lradoma
1B/ rod trademark of Hewlett-Packard Ci
DeltaTron is a registered trademark of Bruel & Kjwr
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Figure 1. IEEE P1451 family relationship.
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Figure 2. IEFE P1451.4 interface.

definition of the P1451 family specification. The IEEE P1451.4
inlerface is needed both to allow the usc of existing analog
transducer wiring and also for those demanding applications
where it is not practical to physically include the Network
Capable Application Processor (NCAP) with the transducer. Ex-
amples of the latter include very small transducers und very
harsh operating environments,
Hach P1451.4-compliant mixed-mode transducer would con.
sist of at least one transducer and the interface logic required
to contral and transfar data across various exisling analog in-
terfaces (see Figure 2). The transducer TEDS will be minimized
and defined such that it contains enough information to allow
a higher level P1451 object to fill any gaps in its TEDS.
Scope. This P1451.4 Working Group will propose a standard
that allows analog transducers to communicate digital infor-
mation with an IEEE P1451 abject, The standard will define the
pratocol and interface. It will also define the format of the
transducer TEDS. The transducer TEDS will be basad on the
IEEE 1451.2 TEDS. The standard will not specify the transducer
design, signal conditioning or the specific use of the TEDS,
Purpose. A slandard is needed that allows analog transduc-
©rs L communicate digital information for the purpases of self-
identification and configuration. Due to the lack of a standard,
some d f g have introduced various solu-
tions hut have seeu limited acceptance, An independent and

SOUND AND VIBRATION/APRIL 1938 g

P1451.4 Proposed Standard

The proposed standard will define an interface for mixed-
mode transducers (i.e., analog transducers with digital output
for control and self-describing purposes) as part of the P1451
family of standards (see Figure 1). It will establish a standard
that allows analog-output, mixed-mode transducers to commu-
nicate digital information with an IEEE P1451 compliant ob-
ject. Both sensors and actuators are supported and the exist-
ence of the P1451.4 interface is invisible from the network
viewpoint.

Ex. 1024, 24; e.g., 1304 Petition 61
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“Selective Performance”: Claim Language

68. An apparatus comprising:

an estimation module to estimate a pose of an object based
on measurement data from sensing elements, the esti-
mation module configured to enable selective perfor-
mance of

(a) receiving data from at least one inside-out bearing
sensor, and updating an estimated pose of an object
based on the data received from the inside-out bear-
1Ng Sensor,

(b) receiving data from at least one outside-in bearing
sensor, and updating an estimated pose of an object
based on the data received from the outside-in bear-
ing sensor, and

(c) receiving data from at least one inside-out bearing
sensor and at least one outside-in bearing sensor, and
updating an estimated pose of an object based on the
data received from the outside-in bearing sensor and
the inside-out bearing sensor.

Ex. 1001, cl.68; see id., cl.66

69. An apparatus comprising;:

an estimation module to estimate a pose of an object based
on measurement data from sensing elements, the esti-
mation module configured to enable selective perfor-
mance of one of:

(a) updating an estimate of the position or orientation of
the object relative to an environment,

(b) updating an estimate of the position or orientation,
relative to the object, of at least one sensing element
fixed to the object, and

(c) updating an estimate of the position or orientation,
relative to the environment, of at least one sensing
element fixed in the environment.

Ex. 1001, cl.69
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Kramer Does Not Disclose Selecting Among Available Sensors
632 cls. 66-69

Kramer discloses different
types of sensors that may be
used together for more
accurate estimation, but not
selecting one type of sensor Ex. 1030, 8:61-62; 1304 Sur-Reply 26
over another.

Various sensors may be used in conjunction with the
optical tracker to correct the faults of the optical tracker.
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Grounds and Challenged Claims

Other prior art references

Welch 2001, Welch 1997 &
Harris

Welch 2001, Welch 1997 &
G BV

1305 Ground Il ’632 patent, cls. 54-55 & 57-58

1308 Ground Il ’253 patent, cls. 3-5

1308 Ground Il ’253 patent, cls. 3-4
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(57 ABSTRACT

A method and system for tracking various objects utiliz-
ing e plurality of sensors. Separate locatians or plat-
forms are provided with a nuntiber of sensors collocated
with ar energy generation/ reflection device, and also &
<comnication device, Bach of he patforms is termed
‘Iocai nodes of a multi-sensar fusion system, and possioky
<an experience relutive translational and/or rotational
motion in 25 many 4 three dimensions with respect to
itself and with respect to similar lacal nodes. Each local
104 is capable of measuring some combination of bear-
ing angles and for range and_/or respective derivatives
from the Jocal node to cooperative local nodes by gen-
erating or reflecting encrgy such that eoaperative local
nodes may obtain mutual sensor measurements. Infor-
masion abtained or processed by each local node, in-
cluding track data or track estimates, are possibly trans-
mitted to onc or more central podes denoted ss fusion
centers provided with processing capabilities, In addi-
tion, whe an object or multiple objects which are not
local modes are being tracked, at least ome cooperative
lneal nade can measure hearing angles and/or rauge
and/er respective derivatives from the local node to the
other object. After undergoing o series of processes,
sersor data from multiple Jaca) podes are combined at
the fusion ceaters 1o provide estimates of bath the rela-
tive geometry and relative orientation of each coopera-
tive local node with respect to other cpoperative locsl
nades and the relative geomesry of ather sensed objects
with respeet to cach cooperative local aode. Estimated
relative geometries are either range normalized or
scaled with aceus] ranges depending upon seasor capa-
bilities.

27 Claims, 11 Drasing Sheets
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No Motivation to Combine Welch & Harris
1305 Ground Ill, 1308 Ground |l

[45) Date of Patent:  Apr. 26, 1994

POSITA would have The primary object of this invention is to provide a
. modified Welch’s HiBall noyel method for _relativg geometry al!d relative orien-
Petitioner , tation state tracking which can obtain much greater
FPGAs to process tracking accuracies than the prior art.
calculations as in Harris Ex. 1011, Title Page, 4:14-17
FPGAs in HIBau units were The SCAAT approach, on the other hand, is an at-
not well suited to perfo rMm tempt to reverse this cycle. Because we intentionally use
trackin g functions a single constraint per estimate, the algorithmic com-
plexity is drastically reduced, which reduces the execu-
Rebuttal Welch’s SCAAT approach tion time, and hence the amount of motion between

estimation cycles. Because the amount of motion is lim-

was already simple and fast,
so the POSITA would not

ited, we are able to use a simple dynamic (process)
model in the Kalman filter, which further simplifies the

have been motivated to computations. In short, the simplicity of the approach
mod |fy IT means that it can run very fast, which means it can pro-
E.g., 1308 Reply 16-18; 1308 Sur-Reply 13-14; Ex. 2007 1 396-399 duce estimates very rapidly, with low noise.
Ex. 1007, 11
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Reitmayr

An Open Software Architecture for Virtual Reality
Interaction

Gerhard Reitmayr

Vienna Univarsity of Technology

Favoritenstrafis 9-11/188/2
A1040 Vienna, Austria

reitmayr @&ims tuwien.ac.at

ABSTRACT

Whris anctiche doseribus OpenTracker, an upen seltware ahi-

foeture th
wodvexd in

provic

nput data in wirnal
applieation. “'he Ope

Tramework for th
King inpint deviees and proe
neiranments and angmented reality
arker framewoark enses the develop-

mene and maintenance af harelware setops in @ mare Aexible

manner than schat is typically effered by wir

lopment packages. This ganl i

I veality deve-
achieved by sing an abjert-

criented design hased an XML, taking full advantage of this
new technolony: by alloming o nse standard XIT. toels for

an,

The Onen-

Tracker engine ia based an & data flow coneept for nmlei-
madal events. A multi-threaded execntion madel takes care
of tamsble performance. Transparent network access allows
casy development of decoupled similation models. Tinally,
the application. developer’s interface features both & tme-
Dused uand an event basod model, tial con be used simults-

wovusly, Lo serve u L ras
i a fist attempr towards a bw

Treach ta viral reality application develapment.
't these claims, integration inte an existing augmented
tem s demanstrated. We sl show how a prata-

ol spplivations. OpealTradhes

tye tracking equiipment for mohile augmented eality can

he assembled fram consumer inpit devices with the
ntly matmre, it i

OpenTracker, Onee develnpment is sl

aid of

planned to make Open-Tracker available ta the publie under

an open seurce software leense.
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1. INTRODUCTION
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mance awd fidelity, Live Jed o a lar
wurrenl rescazdy, itk attention

by of past and
ally poid o sltwa-
e cnginecring aspects of travking soltware, Sume carcent
st Live & uodular spproach hat allows o substilute
e type of tracking dovies For anvtlier, Typivally, this i
e apgnoach takon by commereial VR products that ellir
¢ suppurt far many pay

and contignration aptions. In partienlar, they make i hard
tn enmbine existing featnres in novel ways.

In eemtrast, resesreh systems may affer featnres not fonnd
systems, such as prediction o sensar fusion
bart. e nsnally limited ta their partienlar research domain
and et ingended for €he end nser. In such systems, repla-
<ing & picee of hardware or changing its canfiguration nanally
leads o pewriling » sipuificant portion of the Leacker safl-

in commereial

e s o Jauks wf Lol s ullow for
i, el are visy W e e L
. O notable execption i the MR wulkit [217 of the
paitar of Albierta, which still sy i
rell proj
v dvelppment. What s needed is 4 system
g el rnadehing of different frarures, as well
a5 sinile creation and maintainance of passibly comnlex
tracker confignrations.
Tn thia article, we describe a tracking raftwars ay
el (HpenThncker with the fallawring characteriatica:

e alk

® Anohject-orieited approarh ta an exrensive sk of sen
sor avcess, filtering, Fusion, and state transformacion
aperations

® Relaviarspecification by constrn 3 of erasking
abjerts (similar in spirit o scene graphs or event
earles] from nser defined tracker confignration f

s

® Discribnted simulation by network transfer of events
at any paint in the graph steicome

Deconpled simulation by trunspareut andti-breading
sud nuetworking

soltware engineering approach basel on XML [4]
which ullows lo use nauy geavriv Lools such s [2, 11,
10] for develuprucut, documentation, inlzration and
conliguration

« An application i
Into suftware proj

dvpendent libeary Lo b utugrated
s

META 1015
METAV. THALES

ABSTRACT

This article describes OpenTracker, an open software archi-
tecture that provides a framework for the different tasks in-
volved 1n tracking input devices and processing multi-modal
mput data in virtual environments and augmented reality
application.

Ex. 1016, 47; e.g., 1308 Petition 54-56
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No Motivation to Combine Welch & Reitmayr

1308 Ground Il

POSITA would have

modified Welch’s HiBall The SCAAT approach, on the other hand, is an at-
LG LETE FPGAS to perform tempt to reverse this cycle. Because we intentionally use
distributed processing a single constraint per estimate, the algorithmic com-
techniques as in Reitmayr plexity is drastically reduced, which reduces the execu-
FPGAs in HiBall units were tion time, and hence the amount of motion between

not well suited to act as estimation cycles. Because the amount of motion is lim-
nodes in a distributed '

. ited, we are able to use a simple dynamic (process)
tracking system

model in the Kalman filter, which further simplifies the
GENRELR \Aalch’s SCAAT approach computations. In short, the simplicity of the approach
was already simple and fast, means that it can run very fast, which means it can pro-

so the POSITA would not duce estimates very rapidly, with low noise.
have been motivated to

modify it

E.g., 1308 POR 42-44; 1308 Reply 18-19; Ex. 2007 § 409

Ex. 1007, 11
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