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I. Introduction 

Meta Platforms, Inc., Meta Platforms Technologies, LLC, and Twisted Pixel 

Games, LLC (collectively, “Petitioners”) request IPR of claims 1-20 of U.S. Patent 

No. 10,917,737 (Ex.1001). 

The ’737 patent relates generally to systems and methods for selecting 

locations where three-dimensional (3D) sound, i.e., binaural sound, localizes to 

listeners.  ’737 patent, 1:20-27.  The ’737 patent acknowledges that 3D sound 

localization was known and enabled users to “communicate more efficiently with 

electronic devices, software programs, and processes.”  Id. 1:7-12.  Thus, it focuses 

on potential applications of 3D sound, and in particular, virtual zones that can 

contain one or more sound localization points (SLPs)—locations where a listener 

localizes sound (id. 65:23-40).  The challenged claims, specifically, are directed to 

tracking a portable electronic device (PED or HPED if handheld) with a wearable 

electronic device (WED) worn on a user’s head to define a “zone,” and designating 

SLPs therein.  Id. 66:5-68:55. 

The challenged claims run straight into the prior art.  As the Pedrotti reference 

discussed in both grounds shows, it was known before the ’737 patent’s earliest 

possible priority date (June 2016) that systems with tracked handheld controllers and 

head mounted displays could define zones around users, for example, to “assist[] a 

user in remaining in a selected area” in “a virtual world,” e.g., a “safe area” (zone) 
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bound by “a virtual fence” that appears to “provid[e] a warning that the user is about 

to move out of the selected area.”  Pedrotti, Title, 4:32-44.  Likewise, it was known 

that binaural sound should be used in virtual environments to give users a better 

sense of reality and immersivity, including with virtual objects that users can control, 

e.g., by moving and assigning (i.e., designating) such objects’ positions (SLPs).  This 

is shown by the Jang and Begault references addressed with Pedrotti in Ground 1, 

and the McCulloch and Flaks references discussed with Pedrotti in Ground 2.  Any 

alleged differences between this art and the challenged claims amount to obvious 

and trivial variations of common features in virtual environments. 

Petitioners ask the Board to institute review and find the challenged claims 

unpatentable. 

II. Identification of Challenges 

Ground 1: Claims 1-20 are obvious over Pedrotti (Ex.1005) in view of Jang 

(Ex.1006), and further in view of Begault (Ex.1007). 

Ground 2: Claims 1-20 are obvious over McCulloch (Ex.1008) in view of 

Pedrotti, and further in view of Flaks (Ex.1009). 

III. Background 

A. The ’737 Patent 

The ’737 patent is directed to defining zones and SLPs in three-dimensional 

space, assigning sounds to those zones and SLPs, and processing sounds so they 

localize to assigned zones and SLPs.  ’737 patent, 1:22-26, 2:36-3:58, 47:29-40, 
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65:23-24, Fig. 13E (user surrounded by differently shaped zones).  According to 

the ’737 patent, these zones “represent locations where a user perceives sound to 

originate or localize” (id. 49:23-33) and can “assist the listener in organizing 

different sounds” by allowing sounds to be processed with “head related transfer 

functions (HRTFs)” so they are perceived to originate from different locations 

(SLPs) in the zones.  Id. 10:57-11:38, 17:7-15, 19:47-67, 24:1-4, 39:21-63.  For 

example, telephone calls may be assigned to, and processed to originate from SLPs 

in, one zone, and music may be assigned to a separate zone.  Id. 11:4-16; Welch 

(Ex.1003) ¶¶27-33. 

B. POSAs 

A person of ordinary skill in the art (“POSA”) as of the ’737 patent’s earliest 

alleged priority date (June 10, 2016) 1  would have had a Bachelor’s degree in 

computer science/engineering, or a related field, and at least two years of industry 

experience, or academic research experience, in virtual/augmented reality, including 

visual and audio modeling and rendering.  Additional education can compensate for 

less experience, and vice-versa.  Welch¶¶34-40. 

 
1 Petitioners reserve the right to challenge this priority date in other proceedings. 
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C. Claim Construction 

The prior art relied on in this Petition discloses the subject matter of the 

challenged claims under any reasonable construction, including their plain meaning. 

Additionally, Patentee contends in district court that limitations reciting 

“processing, by a processor, sound with… HRTFs,” e.g., limitations 1[d] and 14[c],2 

should be construed by plain meanings and “Section 112(f) does not apply.”  

Ex.1127, 24-38.  Solely for this IPR, Petitioner adopts Patentee’s plain-meaning 

positions for such limitations.3 

IV. Ground 1:  Claims 1-20 Are Unpatentable Over Pedrotti, Jang, and 
Begault 

Challenged claims 1-20 are unpatentable over Pedrotti in view of Jang, and 

further in view of Begault, for the reasons discussed below. 

A. Overview of Pedrotti 

Pedrotti, filed in July 2015 and issued in December 2017, is § 102(a) prior art 

and was not considered during prosecution. 

 
2 The “Claims Appendix” attached to this Petition reproduces challenged claims 

with bracketed cross-referencing identifiers. 

3 Petitioners reserve the right to argue alternative constructions in other proceedings, 

including that claims are indefinite—and do so in district court. 
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Pedrotti taught ways to “assist[] a user in remaining in a selected area” in 

virtual environments.  Pedrotti, Title.  It disclosed methods for defining an area’s 

boundaries, including boundaries that “can be defined, for example, by having the 

user walk around a perimeter chosen by the user with” a “tracker[]”: 

 

Id. Fig. 14, 14:6-15:3, Figs. 12-13. 

In Pedrotti’s virtual environments, a processor, which may be “in the HMD,” 

tracks the positions and orientations of a “HMD tracker” and “trackers in the 

physical controllers,” so it “knows where the user’s head and hands are located.”  Id. 

4:37-44, 12:31-39, 15:4-39, 16:22-26, Fig. 15.  The “processor causes the HMD to 

display a warning, such as a virtual fence, to alert the user if the user approaches to 

within a preselected distance of the boundary,” e.g., to “avoid[s] collisions.”  Id. 
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Abstract, Fig. 11, 2:7-12, 11:43-12:15-13:33.  Pedrotti’s teachings apply to “HMDs 

that block the user’s view of all or only part of the physical world.”  Id. 16:14-19; 

Welch¶¶148-159. 

B. Overview of Jang 

Jang, issued in August 2013, is § 102(a) prior art and was not considered 

during prosecution.   

Jang taught that VR systems can provide “a high degree of realism” through 

“manufactured sensory inputs.”  Jang, 1:28-33.  For example, in a VR game, “life-

like images and sounds may be generated,” with images “three-dimensionally 

realized” with an “HMD” and sound produced through “a localization technique 

capable of expressing the virtual location,” e.g., sound processed to “express 

directionality” using HRTFs.  Id. 1:35-56. 

Jang disclosed that, in VR, movement need not “precisely mimic the real 

world,” and users can “shift between virtual spaces without having to portray the 

passage of distance or time.”  Jang, 1:57-67.  Such shifts “may occur in various ways,” 

e.g., through “key input of [a] user,” or when a “scene change” is otherwise detected 

“due to space shift.”  Id. 9:11-17; Welch ¶260 (discussing known VR navigation 

methods).  Jang taught techniques providing “a higher sense of realism” during these 

shifts.  Jang, 2:1-11. 
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Specifically, Jang disclosed processing sound in “sound areas” divisible into 

“focus” areas, e.g., a user’s visual perspective, and “un-focus” areas.  Id. 1:18-23, 

2:35-47, 3:39-48, 8:25-36, Fig. 2.  These areas are modifiable based on 

“characteristics and/or topography of the virtual area at which [a] character is 

located,” “contain any number of virtual objects represented by” “audio and visual 

data,” and can be sub-divided “according to a predetermined priority.”  Id. 8:36-49, 

4:25-39, 9:47-65, cls. 4, 10.   

Jang taught that when a space shift occurs, e.g., from a virtual basketball court 

to a conference room, “sensory output” for “the focus area of the second virtual 

space” can be generated before “sensory output” for “the non-focus area.”  Id. 4:6-

9, Fig. 5; Welch¶¶160-173. 

C. Overview of Begault 

Begault, published in 2000, is § 102(a) prior art and was not considered during 

prosecution.  Hsieh-Yee¶¶9-64; Begault Dep. (Ex.1136) 222:21-223:17. 

Begault described processes for producing “3-D sound,” “spatialized sound,” 

and “binaural audio,” explaining these terms refer to techniques that use digital 

filters to position sounds in “virtual space.”  Begault, x.  Begault taught that sound 

should have an “interactive, spatial character” because one can “work more 

effectively within a VR environment if actions [a]re accompanied by appropriate 

sounds that seemingly emit from their proper locations.”  Id. 12-13.   
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Begault described in detail HRTF processing for binaural sound (id. ch. 2) and 

taught that such sound can be “controlled by the user,” including through interfaces 

“for arranging [] various sound inputs in virtual auditory space.”  Id. 172-74, Fig. 

5.12; Welch¶¶174-186.    

D. Motivations to Combine 

POSAs would have known and been motivated to combine Pedrotti’s systems 

and methods with Jang’s and Begault’s sound processing techniques.  Welch¶¶210-

225.   

Pedrotti, Jang, and Begault are analogous art—all relate to improving virtual 

environments comprising virtual objects with which users interact.  Pedrotti, 1:8-10; 

Jang, 1:18-30; Begault, 10; Welch¶¶211, 219.  Pedrotti discloses “sight and sound” 

as the “most commonly used” senses in virtual environments (Pedrotti, 1:14-20) but 

does not address sound processing.  POSAs reading Pedrotti thus would have been 

motivated to look to references, like Jang and Begault, which disclose advantageous 

sound processing techniques providing “a higher sense of realism” and enabling “a 

rich auditory environment.” Jang, 1:42-56, 2:9-11, 2:26-28; Begault, 10-11, 13.  

Adding Jang and Begault’s sound processing techniques would have amounted to 

no more than applying known techniques (e.g., binaural sound processing) to a 

known device (Pedrotti’s HMD) ready for improvement to yield predictable results 

(spatialization of sound for an immersive VR experience).  Welch¶¶212-213, 220.  
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POSAs would have implemented Pedrotti’s HMD with Jang and Begault’s 

sound processing techniques for several reasons.  POSAs would have understood 

that providing binaural sound would enhance the sense of “presence” for users, 

making the VR experience more immersive.  A virtual environment and its images 

seem more realistic when they have realistic and compelling sound.  Conversely, 

when sound does not match imagery, the optical illusion begins to break down, 

creating disbelief and detracting from users’ sense of presence or immersion.  

Ex.1138; Ex.1137.  Further, binaural sound was known to enhance perception of 

space, distance, and size within virtual environments.  “An accurate spatial 

reproduction of sound can significantly enhance 3D perception,” enabling users to 

better identify and localize objects.  Ex.1124, 54; Welch¶¶212-214.  Also, binaural 

sound, as disclosed by Jang and Begault, was a computationally efficient way of 

achieving these goals.  Begault, 11 (spatial audio is “easier to accomplish”); Ex.1139 

(spatial audio “inexpensive”); Welch¶¶221-224. 

Additionally, Pedrotti and Jang are Sixense and Samsung patents, respectively.  

POSAs would have known that both companies were working on VR systems, 

including in concert and on complementary technologies.  Welch¶¶215-217; 

Ex.1086 (Samsung gets VR tracking from Sixense); Ex.1080 (Sixense “demos on 

Samsung Gear VR”). 
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Furthermore, POSAs would have reasonably expected to succeed in 

combining the teachings of these references, which disclose well-known hardware, 

such as HMDs and controllers, and methods of using that hardware, e.g., to spatialize 

binaural sound, that were commonly known.  §§IV.A-IV.C; McCulloch, 21:21-38 

(describing an HMD with a binaural sound engine).  To POSAs, implementing the 

audio processing described in Jang and Begault in Pedrotti’s HMD would have been 

well within a POSA’s skill and common sense and obvious to try.  Welch¶¶221-224. 

E. Claim 1 

1. 1[pre]: A Method Executed By Electronic Devices 

Claim 1’s preamble recites: “A method executed by one or more electronic 

devices, the method comprising.”  Pedrotti disclosed methods implemented with 

electronic devices, including a “HMD” and “handheld controller[s].”  Pedrotti, 2:27-

59.  Welch¶¶226-228.     

2. 1[a]: WED Tracking a HPED Defining a Zone 

Limitation 1[a] recites:  

tracking, with a wearable electronic device (WED) worn on a head of a 

user, movement of a handheld portable electronic device (HPED) held 

in a hand of the user such that the movement of the HPED defines a 

size and a shape of a three-dimensional (3D) zone that extends from a 

physical floor and around the user. 
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Users of Pedrotti’s system “wear a head-mounted display (HMD)” (WED), 

and “hold a handheld controller” (HPED).  Pedrotti, 2:44-47.  Pedrotti’s handheld 

controller includes a “tracker,” which “provides information regarding a position of 

the handheld controller.”  Id. 2:46-49, 15:7-12, 4:49-5:24 (“known” “trackers” can 

be used).  Pedrotti’s system also includes a processor that tracks the controllers, 

determining “the position of the handheld controller… using information from the 

controller tracker.”  Id. 2:49-57.  This processor, which may be “in the HMD,” 

“knows where the user’s head and hands are located.”  Id. 12:29-39, 16:22-24.  Thus, 

Pedrotti’s HMD tracked (or at a minimum obviously tracked) movement of an 

HPED.  Welch¶¶229-232. 

Pedrotti’s HMD-tracked controller “defines a size and a shape of a three-

dimensional (3D) zone that extends from a physical floor and around the user.”  

Pedrotti disclosed that its system can determine “a boundary of a selected area” in a 

virtual environment, so users “may move freely” and without contacting “obstacles.”  

Pedrotti, 2:49-51, 4:32-36.  That boundary “can be defined, for example, by having 

the user walk around a perimeter chosen by users with one of the trackers,” e.g., the 

trackers in users’ controllers, “to define the outer boundary of [the] selected area.”  

Id. 14:56-62.  “The processor determines the position of the tracker at a number of 

sampling points as the user moves around the chosen perimeter, and from those 

points determines the boundary.”  Id. 14:62-65, 15:13-22. 
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After Pedrotti’s boundary is defined, e.g., by the “measured path of tracker 

motion” (id. Fig. 14), and users are in “the virtual world” (for example, “playing a 

game”), when “the processor determines from the position of the handheld controller 

that the handheld controller is within a preselected distance of the boundary,” it 

instructs the HMD to display “a visual warning to the user,” which can be “in the 

form of grid lines such as a virtual fence.”  Id. 11:43-55, 15:30-37, Figs. 11, 14-15.  

Thus, movement of Pedrotti’s HMD-tracked handheld controller defines a size and 

shape of a 3D zone—Pedrotti’s “safe area” in a virtual world, bound by Pedrotti’s 

boundary and its virtual fence—which extends (or at a minimum obviously extends) 

from a physical floor and around a user.  Id. Fig. 10 (“floor 1010”), Fig. 11 (“virtual 

fence 1114”), Fig. 14 (“boundary 1404”); see also id. 13:17-27 (“fence may be 

rendered as projected texture” on “3D geometry”); Welch¶¶132-144, 233-236 

(discussing Pedrotti and other prior art, e.g., Ross (Ex.1125), disclosing VR HMDs 

that track user movement and controllers, to “create and/or manipulate a boundary”). 

Notably, Pedrotti’s zone is nearly identical to features that Patentee contends 

in district court satisfy limitation 1[a]’s requirement of a “three-dimensional (3D) 

zone that extends from a physical floor and around a user”: 
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Ex.1121, 3; Welch¶237. 

3. 1[b]: Designating an SLP 

Limitation 1[b] recites: “designating, with the HPED held in the hand of the 

user, a sound localization point (SLP) in empty space in the zone above the physical 

floor from where binaural sound originates to the user.” 

a. Characters Moved by Controllers   

In the parallel district court action, Patentee contends that limitation 1[b], 

including the recited “designating” of an SLP, requires only “a game character” 

being “moved by direction of [an] HPED,” asserting that an “SLP will likewise move 

along with the corresponding location of the game character.”  Ex.1121, 4.  Under 

this interpretation, limitation 1[b] would have been obvious in view of Pedrotti and 

Jang, including because HPEDs moving sound-producing characters was a matter of 
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common knowledge before June 2016.  Welch¶¶238-254; Ross, 17:22-18:35 (users 

“moving objects and/or characters”).    

Pedrotti disclosed using an HPED to move virtual objects in its zone, 

including in empty space above a physical floor.  Pedrotti’s controllers are “use[d] 

to control certain actions or events in the virtual world,” including by “moving” 

virtual objects such as virtual weapons and sports equipment.  Pedrotti, 4:4-15, 5:25-

36, 8:14-35, 9:26-52, 16:33-42, Fig. 8 (virtual sword 802 in empty space in zone, 

above floor).4  Welch¶243. 

POSAs further would have known to associate binaural sounds with Pedrotti’s 

VR objects and have sound move with them because these were fundamental 

features of VR before June 2016.  Welch¶¶241, 251-253 (collecting references, such 

as Ross, disclosing interactions with, and control of, VR objects, for example, “a 

character” “walk[ing] the user through a scene in virtual space and point[ing] things 

out”).  Indeed, Dr. Durand Begault—the author of the Begault reference and 

Patentee’s expert in district court—confirmed that, before 2014, “it was known that 

people in virtual reality environments could point their controllers at virtual objects 

 
4 The ’737 patent defines “empty space” as any “location that is not occupied by a 

tangible object.”  ’737 patent, 65:4-5. 
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to select and move them, and then a virtual object’s sound would move with it.”  

Begault Dep., 195:12-196:10; id. 135:6-19; Welch¶¶241, 251-253. 

Further, Jang confirms the obviousness of moving binaural sound-producing 

virtual objects, e.g., characters.  Jang disclosed “game joystick[s]” and “controller[s]” 

and that a user “may see, hear, and otherwise sense the virtual environment” and 

“interact with” it, including “other avatars, characters, objects, or features.”  Jang, 

1:35-38, 6:35-38, 6:44-47.  And Jang taught that its sound processing “check[s] 

sound source information on other characters and other objects” and provides 

localized audio for “sound sources” “according to the[ir] relative locations”—i.e., 

binaural sound at SLPs.  Id. 7:24-59; id. 1:42-56, 8:65-9:1 (using “localization 

technique capable of expressing the virtual location” of “a sound-generating 

object”); Welch¶¶245-254 (additional references show POSAs would have known 

to use binaural sound to “provide[] a sense of where sounds are coming from in a 

3D space” because “[a]uditory cues play a crucial role in… VR”). 

b. HPEDs Used to Assign SLPs 

Limitation 1[b] also would have been obvious over Pedrotti and Jang, or over 

Pedrotti, Jang, and Begault, if it is interpreted such that the recited “designating” of 
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an SLP requires an affirmative assignment of same.5  

Jang disclosed processing and producing sound in “sound areas.”  Jang, 2:32-

47, 2:60-3:4.  Jang taught that these areas may be sub-divided according to a 

“predetermined priority” or “scheme” and contain “a plurality of sensory sources,” 

including “audio sources.”  Id. 4:19-39, 6:51-59, 8:46-58, 9:47-10:5.  This allows 

Jang’s system to better manage VR space shifts.  Id. 6:47-59, 11:1-16, 11:47-63.  

“For example, if a user’s character moves from a basketball court to a conference 

room, visual, audio, or tactile elements of the basketball court may decrease in 

magnitude, and visual, audio, or tactile elements of the conference room may begin 

to be transferred to a virtual reality device,” with sensory data for focus areas 

processed first.  Id. 11:64-12:16.   

POSAs reading Jang would have known and been motivated to set, author, 

and control the predetermined priorities for sound areas by designating locations 

from where sound sources will produce sound (i.e., SLPs).  Welch¶¶255-262, 267-

270.  For example, in Jang’s basketball court, a virtual team’s bench and stands could 

be set as a “focus area,” with priority characters and sound-generating objects (e.g., 

an announcer or a pep band) assigned to locations therein (SLPs) while lower priority 

 
5  See, e.g., ’737 patent, 1:23-26 (“Sounds are assigned to different zones” and 

“SLPs,” and are processed to an “assigned zone” or “assigned SLP”). 
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characters (e.g., an airhorn in the stands) can be outside the “focus area.”  Id.¶263.  

Similarly, in Jang’s conference room, one side of the room could be set as a “focus 

area,” with priority characters and other sound-generating objects (e.g., certain 

attendees and a monitor) assigned to locations therein (SLPs).  Id.¶264.  These types 

of divisions of sensory elements in different zones in VR environments were well 

known.  Id.¶¶114-131; VR Book (Ex.1063) 254-55 (“Center of Action” setups 

“split[] the world… into different zones”); Ross, 14:53-15:28, 15:29-55, 20:22-

21:51 (VR content displayed based on “a position of the user within the virtual space,” 

e.g., when a user moves “across a boundary”), 22:17-56.  As Begault taught, “virtual 

spatial hearing with a 3-D sound system involves the positioning of each of a number 

of sources.”  Begault, 4.  And as Dr. Begault testified, this means that “if you use a 

3D sound system, oftentimes a number of sound sources are positioned to different 

locations.”  Begault Dep., 225:15-226:13; id. 135:6-25.  POSAs also would have 

known that with Jang’s sound system, binaural sound would originate from 

designated locations—as discussed, Jang disclosed the use of localized binaural 

sound.  Welch¶¶266.   

Furthermore, Begault disclosed methods for assigning positions for binaural 

sound (SLPs) that POSAs would have recognized as useful for managing Jang’s 

sound areas.  Welch¶¶271-280.  For example, Begault taught that sound can be 

“controlled by [a] user” through “audio spatial mapping,” which—as in Jang—
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“correspond[s] to a prioritization scheme.”  Begault, 172.  And Begault disclosed 

simple interfaces for “arranging [] various sound inputs in virtual auditory space in 

a manner configurable by each individual listener” and providing “commands” to an 

associated “multiinput, 3-D sound spatialization subsystem,” i.e., a system for 

producing binaural sound.  Id. 172-73, Fig. 5.12; §IV.C.  Thus, Begault confirms 

that it would have been obvious to implement a Pedrotti-Jang system such that users 

could and would use Pedrotti’s handheld controller (an HPED held in the hand of 

the user) to designate locations for the production of Jang’s spatialized sounds (SLPs 

from where binaural sound originates to a user), for example with an interface as 

Begault described.  Welch¶¶278-279; Ross, 21:52-23:45 (disclosing GUIs for the 

“creation, customization, and/or adjustment of” VR content).   

POSAs would have known that, in a Pedrotti-Jang system, or a Pedrotti-Jang-

Begault system, Pedrotti’s controllers—which control and move virtual objects 

(§IV.E.2)—could and would be used for the designation of sound areas and sound 

source locations (SLPs) through routine selection patterns such as pointing at, 

selecting, and moving sound areas and sources.  Welch¶¶72-86; VR Book, 327 

(“Pointing Pattern is one of the most fundamental and often-used patterns for 

selection”); Ross, 7:51-62, 14:44-52, 22:17-29 (“controller (e.g., a pointer)” used to 

control VR “content, the fields of view, [and] view boundaries”); Begault Dep., 

195:12-196:10. 
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Sound source locations (SLPs) designated as described above would be, or at 

a minimum obviously would be, “in empty space in the zone above the physical 

floor”—in the VR environment within Pedrotti’s zone.  Welch¶265. 

4. 1[c]: Tracked HPED Provides Location of SLP 

Pedrotti and Jang, or Pedrotti, Jang, and Begault render obvious 

limitation 1[c], which recites:  

tracking, with the WED worn on the head of the user, the HPED held 

in the hand of the user such that the HPED provides a location to the 

WED of the SLP in empty space in the zone above the physical floor 

from where the binaural sound originates to the user. 

Pedrotti taught tracking controllers (HPEDs) with its HMD (a WED).  §IV.E.2.  

POSAs would have known and understood that when a Pedrotti controller is used to 

move virtual objects, for example to position sound sources in a Pedrotti-Jang (or 

Pedrotti-Jang-Begault) system, that action would (or at a minimum obviously 

would) provide Pedrotti’s HMD the locations to which the virtual objects were 

moved and/or assigned (SLPs).  Welch¶¶281, 286-289.  Pedrotti’s processor, “in the 

HMD,” “us[es] information” it receives “from the controller tracker[s],” including 

to “generate and output” appropriate instructions to the HMD.  Pedrotti, 2:49-59.  

Thus, POSAs would have known that Pedrotti’s processor could and would receive 

locations of SLPs provided by Pedrotti’s controllers, so binaural sounds could be 

processed to originate from assigned locations, which, as noted, would obviously 
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include locations in “empty space” and “above a physical floor” in Pedrotti’s zone.  

Welch¶¶290-291; Jang, 4:19-39 (generating sensory outputs based on set “priority”), 

6:39-59; §IV.E.3. 

For example, if Pedrotti’s handheld controller designates locations for an 

announcer or a pep band in Jang’s virtual basketball court, the HPED making these 

designations could and would provide the locations for these sensory elements’ 

binaural sound.  Welch¶¶292; Jang, 10:32-43 (“Ideally, basketball court sound 515 

including sound of people 501a to 501d and sound of a speaker 503 in the basketball 

court 500 is first provided as shown in (a) of Fig. 5”), Fig. 5.  As another example, 

if Pedrotti’s controller controls an interface facilitating “spatial audio mapping,” as 

described by Begault, that too could and would provide positions for the generation 

of binaural sound.  Welch¶¶289-290; Begault, 172-73, Fig. 5.12; §IV.E.3.   

Additionally, Patentee has asserted in district court that limitation 1[c] 

requires only a WED that tracks an HPED that “cause[s] a game character to move.”  

Ex.1121 at 6.  Under that interpretation, limitation 1[c] would have been obvious for 

the same reasons as limitations 1[a] and 1[b].  See §IV.E.2 (Pedrotti disclosed and 

rendered obvious HMD-tracked handheld controllers); §IV.E.3 (Pedrotti and Jang 

rendered obvious HPEDs moving binaural sound-producing virtual objects); 

Welch¶¶282-285. 
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5. 1[d]: Processor Processes Sound With HRTFs 

Limitation 1[d] recites: “processing, by a processor, sound with head-related 

transfer functions (HRTFs) to generate the binaural sound that externally localizes 

to the user at the location of the SLP in empty space in the zone above the physical 

floor.” 

Jang disclosed, or at a minimum rendered obvious, processing, by a processor, 

sound with HRTFs to generate binaural sound that externally localizes to a user at 

SLPs.  Jang taught that, “to give the sense of reality to the sound,” one can use “a 

localization technique capable of expressing the virtual location” of “a sound-

generating object” and HRTFs.  Jang, 1:42-51, 1:52-56.  Jang further disclosed a 

“sound processing unit” comprising processors that “process sound” and identify 

“exact sound-generating location[s].”  Jang, 7:38-63, 8:54-9:3.  Also, as discussed, 

it would have been obvious that designated SLPs would be “in empty space in the 

zone above the physical floor.”  §IV.E.3.  Further, POSAs would have known that 

Pedrotti’s processor could and would manage sound, including as Jang described.  

Pedrotti recognized that “sight and sound” are “the senses most commonly used [] 

to create virtual reality” (Pedrotti, 1:18-20), and it was commonplace before June 

2016 to use a processor to process sound with HRTFs to generate binaural sound.  

Welch¶¶293-296.   
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Begault confirms this.  Begault described HRTFs and ways to use HRTFs to 

process and generate binaural sound.  Begault, 12-13, Fig. 1.8 (“signal processor” 

for “binaural output”), 41 (“The use of HRTF spectral shaping is typically featured 

as the key component of a 3-D sound system”), 99 (“the binaural HRTF is 

fundamental for a 3-D sound system”), ch. 2.  POSAs would have known and been 

motivated to use such processing in a Pedrotti-Jang system for reasons discussed in 

Section IV.D, and because, by June 2016, it was well known that binaural sound was 

advantageous for virtual environments.  Welch¶¶297-302.   

In fact, Dr. Begault admitted that his own pre-2014 patents disclosed 

“generating binaural sound through digital signal processors processing HRTFs.”  

Begault Dep., 135:6-25.  He also conceded that, “before 2014,” POSAs would have 

known “how to implement a system performing the function recited in” 

limitation 1[d] “by resorting to known audio DSP structures within the art and 

common industry programming techniques or software libraries.”  Id. 196:12-

197:18; Welch¶¶105-113.6 

 
6 Even if limitation 1[d] were construed as a means-plus-function term, it would have 

been obvious over Begault because Begault described “convolution” processes using 

HRTFs (e.g., Begault, 105-09), and because Dr. Begault has opined that 

“[c]onvolution is the main algorithm required to perform the claimed processes,” 
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6. 1[e]: Display a Virtual Image at the SLP 

Pedrotti and Jang, or Pedrotti, Jang, and Begault render obvious 

limitation 1[e], which recites: “displaying, with the WED worn on the head of the 

user, a virtual image at the location of the SLP in empty space in the zone above the 

physical floor from where the binaural sound originates to the user.” 

Pedrotti disclosed displaying virtual images with its HMD.  §IV.E.2.  And 

Jang disclosed outputting “audio, sound, and/or other sensory data” “to the user to 

represent the virtual environment,” and that its sound system “check[s] sound source 

information on other characters and other objects existing in [] virtual reality spaces” 

to “provide[] the virtual reality apparatus 110 with sound sources occurring in real 

time according to the relative locations or situations of the character in the virtual 

reality environment.”  Jang, 6:17-20, 6:36-42, 7:24-32.  Thus, POSAs would have 

known that when Pedrotti’s controller is used to move virtual objects, for example 

to position audio sources in a Pedrotti-Jang (or Pedrotti-Jang-Begault) system, see 

§IV.E.3, such a system would (or at a minimum obviously would) display virtual 

 
while conceding that convolution was “well-known.”  Ex.1128 ¶16; Begault Dep., 

59:4-16 (admitting “many references” “in the 1990s” “discuss[ed] using convolution 

processes to process [HRTFs] with digital signal processors for binaural audio”). 
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images at the locations to which the virtual objects were moved and/or assigned 

(SLPs).  Welch¶¶308-311.   

For example, POSAs would have understood that if users designated locations 

for an announcer and a pep band in Jang’s virtual basketball court, images of the 

announcer and pep band could and would be displayed at their assigned locations.  

As another example, POSAs would have understood that if a user used an interface 

like those described in Begault to arrange sound sources—e.g., through icons 

representing sound sources, which are “virtual images” themselves—then 

corresponding virtual images of the arranged sound sources (e.g., a computer 

monitor) could and would be displayed in the virtual environment at their designated 

locations.  Begault, 172-73, Fig. 5:12; Welch¶¶312-314.  As Dr. Begault wrote in 

the Begault reference and confirmed in the district court action, “in virtual reality 

and multimedia applications, most sounds are somehow connected to visual events.”  

Begault, 95; Begault Dep., 244:16-245:12; id. 236:2-24. 

Moreover, for reasons discussed, it would have been obvious that SLPs for 

binaural sound and their associated images could and would be “in empty space in 

the zone above the physical floor,” for example, in the user’s virtual environment 

gameplay space in Pedrotti’s zone, where no physical objects are located.  §IV.E.3.   

Additionally, Patentee has asserted in district court that limitation 1[e] 

requires only displaying a sound-generating character, at any location in a virtual 
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environment.  Ex.1121, 9.  Under that interpretation, limitation 1[e] would have been 

obvious for the same reasons as limitations 1[a] and 1[b].  See §IV.E.2 (Pedrotti’s 

HMD displays images); §IV.E.3 (Pedrotti and Jang render obvious displaying 

binaural sound-producing virtual objects); Welch¶¶303-308. 

F. Dependent Claims 2-7 

Claims 2-7 are unpatentable for the same reasons as claim 1 and as further 

explained below.     

1. Claim 2 

a. 2[a]: VR Character That Talks 

Limitation 2[a] recites: “The method of claim 1, wherein the binaural sound 

is a voice of a virtual reality (VR) character that talks to the user while the user plays 

a VR game.” 

Pedrotti’s system was designed to be used while a user is “playing a game 

within a virtual world.”  Pedrotti, 11:48-52.  And based on Pedrotti and Jang (and 

many other references), POSAs would have known that games in virtual 

environments could and would include VR characters that talk to users during 

gameplay.  See id. 9:29-32 (user-controlled “character” is “conventional” in video 

games); Jang, 6:39-59, 7:14-37 (disclosing binaural sound processing that mixes 

visual elements of a virtual environment, “including a user’s avatar or character and 

other avatars, characters, objects, or features,” with related audio data—which 

POSAs would have known could and would include a character’s voice—before 
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outputting sensory elements to the user); Welch¶¶318-324 (collecting references 

disclosing speaking VR characters); Ross, 17:63-18:9 (“a character and/or avatar” 

“walks the user through a scene in virtual space and points things out,” similar to a 

“commentary track”).   

b. 2[b]: Localized VR Character Voice 

Limitation 2[b] recites: “and the voice externally localizes to the user at the 

VR character that is at the location of the SLP in empty space in the zone above the 

physical floor.” 

For the same reasons it would have been obvious to externally localize other 

sounds to SLPs, it would have been obvious to externally localize a VR character’s 

voice to a VR character’s image (at an SLP).  §§IV.E.3-IV.E.5.  Such localization 

drives 3D audio and binaural sound and was routinely used to match sounds to 

associated visual elements.  Id.; Welch¶¶325-326. 

2. Claim 3 

a. 3[a]: Tracked HPED Moves in an Arc  

Limitation 3[a] recites: “The method of claim 1 further comprising:  tracking, 

with the WED worn on the head of the user, the HPED held in the hand of the user 

as the HPED moves in a trajectory having a shape of an arc.” 

Pedrotti disclosed an HMD-tracked handheld controller (§IV.E.2), and it 

would have been obvious that Pedrotti’s HMD-tracked controller could and would 

move in a trajectory having an arc shape.  Pedrotti disclosed multiple virtual objects 
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that POSAs would have understood move in such a trajectory, e.g., swords, tennis 

rackets, and golf clubs.  Pedrotti, 9:29-52, 16:33-42, Fig. 8; Welch¶¶327-329; 

Begault Dep., 195:12-16 (admitting that, before 2014, people could “point” and 

“gesture” with controllers in VR). 

b. 3[b]: Sound Moves Along Arc 

Limitation 3[b] recites:  “processing, by the processor and with the HRTFs, 

the sound to generate SLPs of the binaural sound that moves through the empty space 

along the trajectory having the shape of the arc.” 

Limitation 3[b]’s HRTF processing would have been obvious for the same 

reasons as limitation 1[d]’s.  §IV.E.5.  Additionally, it would have been obvious to 

use HRTFs to process binaural sound that moves through empty space in a virtual 

environment along an arc trajectory as a handheld controller moves in that trajectory.  

POSAs would have known and been motivated to keep visual elements moving in 

an arc together with associated sounds, for example, if Pedrotti’s sword (controlled 

by Pedrotti’s controller) sliced through another virtual object.  §IV.E.3; 

Welch¶¶330-332. 

c. 3[c]: Display Shows Arc 

Limitation 3[c], which recites, “displaying, with the WED worn on the head 

of the user, virtual images that follow the trajectory having the shape of the arc that 

shows the user the trajectory of the SLPs of the binaural sound moving through the 
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empty space,” would have been obvious for the same reasons as limitations 3[a] and 

3[b].  §§IV.F.2.a-IV.F.2.b.  POSAs would have known that when a virtual image 

displayed by Pedrotti’s HMD moves in an arc with its associated sound—e.g., when 

a user sees an arcing virtual sword and hears it slicing through another virtual 

object—the sword would show the user the trajectory of associated binaural sound 

moving through the virtual environment’s empty space.  Welch¶¶333-335. 

3. Claim 4 

a. 4[a]: Determine Conflict with Boundary 

Limitation 4[a] recites:  “The method of claim 1 further comprising:  

determining, with the WED worn on the head of the user, when a location of the user 

conflicts with a boundary of the zone.” 

Pedrotti’s processor, which can be in the HMD, “determine[s] from the 

position of [a] handheld controller that the handheld controller is within a first 

preselected distance from [a] boundary” and “generates instructions to the HMD to 

include in a display of a virtual world a visual warning such as a grid or virtual fence 

when the user comes within a preselected distance of the boundary, thus providing 

a warning that the user is about to move out of the selected area.”  Pedrotti, 2:44-59, 

3:54-58, 4:37-44, 12:35-13:11, 13:46-14:5, 15:4-39, 16:22-24, Figs. 11, 15.  Pedrotti 

disclosed that “the preselected distance” triggering its warning “may vary by 

application” and users’ expected body movements.  Id. 13:46-62.  Also, Pedrotti 



Petition for Inter Partes Review of USP 10,917,737 
 

29 

taught that if the user’s head “goes beyond the boundary”—i.e., conflicts with the 

boundary—“the processor can cause the HMD to fade to black, and present, for 

example, only a warning message and/or a beacon or arrows directing the user to 

move in the direction of the boundary and the selected area.”  Id. 13:67-14:5.  Thus, 

Pedrotti disclosed or at a minimum rendered obvious determining, with a WED worn 

on a user’s head, when a location of the user conflicts with a boundary of a zone.  

Welch¶¶336-341. 

b. 4[b]: Display Boundary Of Zone 

Limitation 4[b] recites: “displaying, with the WED, the boundary of the zone 

to alert the user that the location of the user conflicts with the boundary of the zone.”  

Pedrotti’s HMD can (or obviously can) display “a visual warning such as a 

grid or virtual fence” to “provid[e] a warning that the user is about to move out of 

the selected area” if the user approaches, crosses, or “conflicts with” a boundary.  

§IV.F.3.a; Welch¶¶342-344, 132-144 (discussing additional prior art systems that 

alerted users of boundary conflicts); VR Book, Fig. 8.13; Begault Dep., 210:20-

211:12.  

4. Claim 5 

a. 5[a]: Display Zone as Lines 

Limitation 5[a], which recites, “The method of claim 1 further comprising:  

displaying, with the WED worn on the head of the user, a virtual image of the zone 

as lines that extends from the physical floor and around the user,” was disclosed or 
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rendered obvious by Pedrotti for reasons discussed in Sections IV.E.2 and IV.F.3.b.  

Pedrotti, 12:63-66 (HMD generates a “visual warning” “in the form of a grid of lines 

or a ‘virtual fence’”), Fig. 11; §IV.A; Welch¶¶345-346. 

b. 5[b]: Customized Zone 

Limitation 5[b] recites: “wherein the zone has a customized shape drawn by 

user with the HPED, and the WED stores coordinate locations of the customized 

shape.”  

Pedrotti taught that its zone can be “a customized shape drawn by [a] user 

with [an] HPED” because a user of Pedrotti’s system can define the boundary for 

Pedrotti’s zone by “walk[ing] around a perimeter chosen by the user.”  Pedrotti, 

14:56-62; §§IV.A, IV.E.2; Welch¶347.  That boundary can be “an irregularly shaped 

area”—i.e., customized—as Pedrotti’s Figure 14 shows.  Pedrotti, 14:56-62, Fig. 14; 

Welch¶347.  Further, POSAs would have known that Pedrotti’s system stores 

coordinate locations of a zone of a customized shape because the system uses the 

boundaries to determine when to display its virtual fence.  Pedrotti, 15:30-39, Fig. 

15; Welch¶348.  POSAs also would have known that such information could and 

would be stored in Pedrotti’s HMD.  Welch¶349.  Such storage was known, as Jang 

shows.  Jang, Fig. 1A (“storage unit” 102 in “virtual reality apparatus” 110); Ross, 

Figs. 1-2 (“electronic storage 30” in HMD ); Welch¶349.  
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5. Claim 6 

a. 6[a]: Display a Virtual Monitor 

Limitation 6[a] recites: “The method of claim 1 further comprising:  

displaying, with the WED, a virtual monitor in a field of view (FOV) of the user.”   

Jang taught the display of “visual sensory elements” in VR, including in the 

“visual perspective of the character,” i.e., the field of view (FOV) of the user.  Jang, 

4:20-24, 6:15-17, 6:55-59.  Jang also depicted a monitor in its virtual conference 

room.  Id. Figs. 5-6.  Accordingly, Jang disclosed and rendered obvious 

limitation 6[a].  Welch¶¶350-351.  Further, POSAs would have been motivated to 

use a virtual monitor in a Pedrotti-Jang system because virtual monitors were known 

to be useful tools for providing information to users in virtual environments.  

Id.¶¶353-357.  For example, in the district court action, Dr. Begault testified that, 

even in the late 1980s, POSAs were already using systems with “virtual menu[s] 

floating in the sky that you would see through [an] HMD,” which could be used to 

“select” and “interact with virtual objects.”  Begault Dep., 42:2-43:6, 43:19-44:20, 

46:12-47:23; Welch¶¶353-357. 

Begault also rendered limitation 6[a] obvious, disclosing a “computer 

monitor” icon in an interface for controlling a 3D sound system.  Begault, Fig. 5.12.  

That icon is itself a “virtual monitor,” and for reasons discussed in Section IV.E.6 

and immediately above, it also would have been obvious to display a virtual monitor 
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at the position in the virtual environment that Begault’s GUI designates for the 

monitor’s 3D sound.  Welch¶352. 

b. 6[b]: Sound Comes From Virtual Monitor 

Limitation 6[b] recites:  “processing, by the processor, the sound with the 

HRTFs to generate the binaural sound that originates from the virtual monitor.”  For 

the same reasons it would have been obvious to use a processor to process sound 

with HRTFs to generate binaural sound originating from other sound-generating VR 

objects, it would have been obvious to process sound with HRTFs to generate 

binaural sound from a virtual monitor.  §§IV.E.5, IV.F.2.b, IV.F.2.b; Welch¶¶358-

359; see also Begault, 159-60 (sounds “spatialized using 3-D audio techniques,” 

including through “HRTF filtering”—i.e., binaural sounds—used for “selecting 

items,” e.g., “click” and “latch” sounds).   

c. 6[c]: Sound Maintained At Virtual Monitor 

Limitation 6[c] recites: “tracking, with the WED, head movements of the user 

to maintain the binaural sound originating from the virtual monitor as the head of 

the user moves.” 

Pedrotti’s HMD, with its processor, tracks users’ head movements.  Pedrotti, 

4:49-52 (“Attached to or incorporated in the HMD 106 is a tracker 108, which can 

be used to determine the position and orientation of the headset 104, and thus of the 

head of user 102.”), 12:31-39 (“processor knows where the user’s head and hands 
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are located”); 16:22-24.  And Jang disclosed, or at a minimum rendered obvious, the 

spatialization of binaural sound to particular SLPs and sound-generating VR objects.  

§IV.E.5.  Consequently, POSAs implementing the teachings of Pedrotti and Jang 

would have known and been motivated to use Pedrotti’s head tracking to ensure 

accurate localization of generated binaural sound, including for sound from a virtual 

monitor, and when the head of a user moves.  Welch¶¶360-362. 

It was well known before 2016 that head movements should be tracked to 

maintain proper locations for binaural sound, including when listeners move.  For 

example, Begault disclosed that if a sound source “should stay in a single location 

in virtual space”—which would apply to a virtual monitor set at a particular 

location—“then its location relative to the listener’s head position will also need to 

be synthesized and updated in real-time.”  Begault, 6.  And Begault taught that 

“trackers [] allow updating the position of the virtual sound source in relation to the 

position of the head” so that “virtual sound images [can] remain fixed in virtual space 

independent of where one’s head moves.”  Begault, 12, 99, 132-34 (“3D audio” 

system “compensate[s] for the relative position of source and sensor” so sound 

“remains fixed in space independent of head movement”), Figs. 4.37-4.38. 

Thus, it would have been obvious that, in a Pedrotti-Jang system or a Pedrotti-

Jang-Begault system, Pedrotti’s head tracking could and would be used to maintain 

binaural sound originating from a virtual monitor as the head of a user moves, as 
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claimed.  Welch¶¶360-365; see also Begault Dep., 250:2-9 (admitting systems in 

the 1980s used this technique). 

6. Claim 7: Cylindrical Zone 

Claim 7, which recites, “The method of claim 1, wherein the zone has a shape 

of a cylinder that extends from the physical floor and around the user, and the WED 

displays the cylinder to the user,” would have been obvious for the same reasons as 

limitations 4[b] and 5[b].  §§IV.F.3.b, IV.F.4.b.  POSAs would have understood that, 

if a user defined a circular boundary for Pedrotti’s zone—for example, if that was a 

suitable or advantageous shape for the user’s VR gameplay area, including based on 

surrounding obstacles—then the zone, with its “virtual fence,” would have (or at a 

minimum obviously would have) the shape of a cylinder extending from the physical 

floor and around the user.  Welch¶367.  Moreover, Pedrotti depicted circular 

boundaries and disclosed displaying a “cylindrical projection” of its “virtual fence.”  

Pedrotti, 13:12-33, Figs. 12-13; Welch¶¶366-368. 

G. Claim 87 

1. 8[pre]: Method Executed by Electronic Devices 

Claim 8’s preamble would have been obvious for the same reasons as 

claim 1’s.  §IV.E.1; Welch¶370. 

 
7 The recitations of claims 1 and 8 are nearly identical.  Where claim 8’s language 

differs, it is addressed. 
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2. 8[a]: WED Tracking a HPED Defining a Zone   

Limitation 8[a] would have been obvious for the same reasons as 

limitation 1[a].  §IV.E.2; Welch¶¶371-372.  

3. 8[b]: Designating an SLP 

Limitation 8[b] would have been obvious for the same reasons as 

limitation 1[b].  §IV.E.3; Welch¶373.   

Additionally, POSAs would have known it was common to use handheld 

controllers to select, move, and control virtual objects by pointing at them.  See VR 

Book, 327 (“Pointing Pattern” is “fundamental and often-used… for selection”); 

Ross, 22:17-29 (“using a controller (e.g., a pointer)” “to control” VR content).  Thus, 

it would have been obvious to use Pedrotti’s controller (HPED) to designate an SLP 

“where the HPED is pointed.”  Welch¶¶374-375.   

4. 8[c]: Tracked HPED Provides Location of SLP 

Limitation 8[c] would have been obvious for the same reasons as 

limitations 1[c] and 8[b].  §§IV.E.4 and IV.G.3; Welch¶376. 

Additionally, tracking “where the HPED is pointed” would have been obvious 

because, as noted, “[p]ointing” is a “fundamental” “pattern[] for selection.”  VR 

Book, 327; Welch¶¶77-86, 377. 

5. 8[d]: Processor Processes Sound with HRTFs 

Limitation 8[d] would have been obvious for the same reasons as 

limitation 1[d].  §IV.E.5; Welch¶¶378-380.  
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6. 8[e]: Display a Virtual Image at the SLP 

Limitation 8[e] would have been obvious for the same reasons as 

limitation 1[e].  §IV.E.6; Welch¶381.  

H. Dependent Claims 9-13 

Claims 9-13 are unpatentable for the same reasons as claim 8 and as further 

explained below.   

1. Claim 9: VR Character Voice 

Claim 9 is substantively the same as claim 2, and obvious for the same reasons.  

§IV.F.1 (claim 2); Welch¶¶385-386.  

2. Claim 10: VR Game with Zone Lines 

Claim 10 recites: “The method of claim 8 further comprising: displaying, with 

the WED, a boundary of the zone with virtual lines to alert the user when the user 

conflicts with the boundary of the zone while the user plays a virtual reality (VR) 

game.” 

Pedrotti’s HMD (WED) displays a boundary of Pedrotti’s zone with virtual 

lines to alert the user when the user conflicts with the boundary of the zone—

Pedrotti’s “visual warning in the form of grid lines or a virtual fence.”  Pedrotti, 

15:46-55; §IV.F.3 (claim 4); §IV.F.4.a (limitation 5[a]).  Pedrotti’s system was 

designed to be used while a user is “playing a game within a virtual world,” i.e., a 

VR game.  Pedrotti, 11:48-52; §IV.F.1 (claim 2); Welch¶387.   
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3. Claim 11: Display Customized Zone 

Claim 11, which recites, “The method of claim 8 further comprising:  

displaying the zone as a customized three-dimensional (3D) shape drawn by the user 

with the HPED held in the hand of the user,” would have been obvious for the same 

reasons as limitations 1[a] and 5[b].  §§IV.E.1, IV.F.4.b; Welch¶388. 

4. Claim 12: HPED Moves the SLP 

Claim 12 recites: “The method of claim 8 further comprising:  tracking, with 

the WED, a location where the HPED is pointed as the HPED moves the SLP and 

the virtual image from one location where the HPED is pointed to another location 

where the HPED is pointed.” 

Pedrotti disclosed HMD-tracked handheld controllers (HPED), and for 

reasons discussed in the context of limitations 8[b] and 8[c], it would have been 

obvious to track where Pedrotti’s controllers were pointed.  This would include when 

Pedrotti’s controllers were used to move virtual objects, including SLPs and virtual 

images, which Pedrotti, Jang, and Begault render obvious, and which was routine 

before June 2016, as Dr. Begault admitted.  §§IV.E.2-IV.E.4, IV.F.2, IV.G.3-

IV.G.4; Welch¶389; Begault Dep., 195:12-196:10. 

5. Claim 13: DSP and HRTFs in Cache 

Claim 13, which recites, “The method of claim 8 further comprising: 

improving performance of the processor processing the sound by storing the HRTFs 

in a cache memory in the WED, wherein the processor is a digital signal processor 
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(DSP) located in the WED,” would have been obvious for the same reasons as 

limitations 1[d], 5[b], and 8[d].  §§IV.E.5 and IV.G.5 (processing sound with HRTFs, 

including with DSPs, was well known, as Dr. Begault conceded), §IV.F.4.b (HMD 

storage was known).   

Additionally, Begault disclosed multiple examples using DSPs for 

spatializing sound sources and explained that “[w]ithin a virtual reality or 

multimedia application, 3-D sound processing is almost always best accomplished 

digitally, using audio DSP chips.”  Begault, 100-101.  Begault thus shows that 

POSAs would have known and had reason to use DSPs for sound processing in a 

Pedrotti-Jang system.  Welch¶¶390-391.  POSAs would have understood that DSPs 

are fast, excel at signal processing tasks like HRTF processing, are reconfigurable 

and flexible, and are appropriately sized for use in systems like Pedrotti’s and Jang’s.  

Id.¶¶392-397.   

Further, Dr. Begault conceded that storing HRTFs in memory, including in 

cache memory, was known.  Begault Dep., 206:11-16.  And in view of at least 

Pedrotti’s disclosure of locating a processor “in the HMD” (Pedrotti, 16:22-24), and 

before June 2016, POSAs would have known and been motivated to store HRTFs in 

cache in Pedrotti’s HMD to achieve processor performance improvements, e.g., 

through more rapid cache accesses.  Welch¶397 (collecting references storing 
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HRTFs in cache and explaining that POSAs knew to leverage cache locality for 

improved processor performance).   

I. Claim 148 

1. 14[pre]: Electronic System 

The preamble of claim 14 recites: “An electronic system, comprising.”  

Pedrotti and Jang disclose electronic systems.  §§IV.A, IV.B, IV.E.1, IV.G.1; 

Welch¶399. 

2. 14[a]: PED Defines Zone and Designates An SLP  

Limitation 14[a] would have been obvious for the same reasons as limitations 

1[a]-1[b] and 8[a]-8[b], and because POSAs would have known a user stands on a 

physical floor.  §§IV.E.2-IV.E.3, IV.G.2-IV.G.3; Welch¶¶400-402 (Pedrotti’s 

controller also is the “PED” in claim 14). 

3. 14[b]: WED Tracks PED to Determine Boundary 

Limitation 14[b] would have been obvious for the same reasons as 

limitations 1[a] and 8[a].  §§IV.E.2, IV.G.2; Welch¶403. 

 
8 The recitations of claims 1, 8 and 14 are nearly identical.  Where claim 14’s 

language differs, it is addressed. 
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4. 14[c]: Processor Processes Sound with HRTFs  

Limitation 14[c] would have been obvious for the same reasons as 

limitations 1[d] and 8[d].  §§IV.E.5, IV.G.5; Welch¶404; Begault Dep., 197:20-

198:12. 

5. 14[d]: Display Virtual Images at the SLP and the Zone 
Boundary 

Limitation 14[d], including its requirement that the virtual image showing the 

boundary of the zone be “3D,” would have been obvious for the same reasons as 

limitations 1[e], 4[b], 5[a], and 8[e].  §§IV.E.6, IV.F.3.b, IV.F.4.a, IV.G.6; 

Welch¶405.  POSAs would have known that Pedrotti’s virtual fence was (or at a 

minimum obviously could be) a “3D” virtual image showing Pedrotti’s zone’s 

boundary.  Welch¶406.  Pedrotti further taught that virtual images displayed to show 

zone boundaries can vary, as known to and desired by developers, for example to 

match “the particular virtual world being displayed.”  Pedrotti, 12:60-13:11.  And 

chaperone systems for virtual environments displaying “3D” virtual images to alert 

users that locations conflicted with boundaries were known.  Welch¶¶140-142.   

J. Dependent Claims 15-20 

Claims 15-20 are unpatentable for the same reasons as claim 14 and as further 

explained below.   
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1. Claim 15: Customized Zone 

Claim 15, which recites, “The electronic system of claim 14, wherein the 3D 

zone has a customized size and shape defined by movement of the PED while held 

in a hand of the user,” would have been obvious for the same reasons as 

limitation 5[b].  §IV.F.4.b; Welch¶¶410-411.   

2. Claim 16 

a. 16[a]: Determine PED is at Boundary 

Limitation 16[a], which recites, “The electronic system of claim 14, wherein 

the WED tracks the PED to determine when the PED is at the boundary of the 3D 

zone,” would have been obvious for the same reasons as limitation 4[a].  §IV.F.3.a; 

Welch¶¶412-415.   

b. 16[b]: Display Boundary of Zone 

Limitation 16[b], which recites, “the WED automatically displays the 3D 

virtual image that shows the boundary of the 3D zone to alert the user that the PED 

is at the boundary of the 3D zone,” would have been obvious for the same reasons 

as limitation 4[b].  §IV.F.3.b.  Further, Pedrotti’s virtual fence (or other 3D image 

showing the boundary) is displayed “automatically” (i.e., without user input), and 

POSAs would have known it could (or obviously could) be so displayed when the 

processor in Pedrotti’s HMD determines that a controller (PED) is “at” Pedrotti’s 

boundary.  §IV.F.3.b (Pedrotti discloses, or at a minimum renders obvious, display 
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of a zone when a user’s location “conflicts with” (or is “at”) a boundary); 

Welch¶¶416-417. 

3. Claim 17 

a. 17[a]: Determine User is at Boundary 

Limitation 17[a], which recites, “The electronic system of claim 14, wherein 

the WED tracks the user to determine when the user is at the boundary of the 3D 

zone,” would have been obvious for the same reasons as limitations 1[c] and 4[a].  

§§IV.E.4, IV.F.3.a; Pedrotti, 12:35-39 (“the processor knows where the user’s head 

and hands are located,” so “the processor can also determine when the user’s 

head”—i.e., the user—“and/or hand approaches the boundary.”); Welch¶418. 

b. 17[b]: Display Boundary of Zone 

Limitation 17[b], which recites, “the WED automatically displays the 3D 

virtual image that shows the boundary of the 3D zone to alert the user that the user 

is at the boundary of the 3D zone,” would have been obvious for the same reasons 

as limitations 4[b], 16[b], and 17[a].  §§IV.F.3.b, IV.J.2.b, IV.J.3.a; Welch¶¶419-

420. 

4. Claim 18 

a. 18[a]: Determine Location of User 

Limitation 18[a], which recites, “The electronic system of claim 14, wherein 

the WED determines a location of the user,” would have been obvious for the same 
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reasons as limitations 4[a] and 17[a].  §§IV.F.3.b, IV.J.3.a; Welch¶¶421-422; 

Pedrotti, 12:35-39 (“processor knows where the user’s head” is). 

b. 18[b]: Store Zone for Location 

Limitation 18[b], which recites “stores the 3D zone for the location,” would 

have been obvious for the same reasons as limitation 5[b].  §IV.F.4.b (discussing 

Pedrotti’ storage of customized zones); Welch¶¶423-426. 

c. 18[c]: Display Boundary if User is There 

Limitation 18[c], which recites, “displays the 3D virtual image that shows the 

boundary of the 3D zone in response to determining that the user is at the location,” 

would have been obvious for the same reasons as limitations 4[b] and 17[a]-17[b].  

§§IV.F.3.b, IV.J.3.a-IV.J.3.b.   

Additionally, this limitation would have been obvious based on Pedrotti’s 

disclosures relating to setting boundaries.  As a user “moves around [a] chosen 

perimeter” (Pedrotti, 14:62-65), the user is at location(s) corresponding to the zone 

being stored.  POSAs would have known and been motivated to display a 3D virtual 

image showing the chosen boundary for the 3D zone so the user receives feedback 

on the boundary and knows it is being defined as desired.  This display could and 

would occur (or at a minimum would obviously occur) in response to a 

determination that the user is at a location for the zone—as discussed, Pedrotti’s 

processor tracks the user, tracks the user’s HPEDs, defines the user’s boundary based 
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on “sampling points” from its tracking, and makes determinations of when a user 

“comes within a preselected distance of the boundary.”  Welch¶¶427-431.  

Consequently, an obvious and straightforward application of Pedrotti’s comparative 

processing capabilities and display functions would involve determining a user’s 

location during creation of a boundary for a zone that is stored, comparing that 

location to the boundary, and displaying a virtual image of the boundary to the user 

to ensure accurate boundary and zone setup.  Id.¶¶428-429; Ross, 6:5-27, 22:23-

23:21 (describing user configuration of boundaries and use of a “[c]ontent creation 

preview” that allows users to “continue to make changes” to those boundaries). 

5. Claim 19 

a. 19[a]: WED Has Light-Tracking Sensors That Track 
PED Defining Zone 

Limitation 19[a] recites: “The electronic system of claim 14, wherein the 

WED includes one or more sensors that track a light source in the PED to determine 

a location of the PED as the PED moves to define the boundary of the 3D zone.”  

Pedrotti disclosed, or at a minimum rendered obvious, limitation 19[a]. 

Pedrotti disclosed that its trackers, including the trackers in its handheld 

controllers, may be “light-emitting trackers which can be seen by, and therefore 

provide position and orientation information to, a camera mounted on [a] base 

station or elsewhere,” i.e., the claimed sensor.  Pedrotti, 5:8-24.  POSAs thus would 

have known and been motivated to use an HMD, e.g., with sensor cameras, to track 
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light-emitting trackers in Pedrotti’s controllers, including while the controllers move 

to define the zone around the user.  Welch¶¶432-436; §IV.I.2.  The technique of 

using sensors on HMDs to track light sources, such as infrared light, emitted from 

PEDs to determine location was well known and widely used due to accuracy 

advantages.  Welch¶¶87-104, 435; VR Book, 315 (“Hand-held tracked devices 

typically use inertial, electromagnetic, ultrasonic, or optical (camera) 

technologies.”). 

b. 19[b]: Display a Virtual Monitor 

Limitation 19[b], which recites, “the WED displays a virtual monitor at the 

SLP in empty space inside the 3D zone,” would have been obvious for the same 

reasons as limitations 6[a] and 6[b].  §§IV.F.5.a-IV.F.5.b; Welch¶437. 

c. 19[c]: Sound Maintained at Virtual Monitor 

Limitation 19[c], which recites, “the binaural sound continues originates to 

the user at the virtual monitor as the head of the user rotates to different orientations 

with respect to the virtual monitor,” would have been obvious for the same reasons 

as limitations 6[b] and 6[c].  §§IV.F.5.b-IV.F.5.c; Welch¶438. 

6. Claim 20: Display Zone as Lines 

Claim 20, which recites, “The electronic system of claim 14, wherein the 

WED displays the 3D virtual image that shows the boundary of the 3D zone as lines 

to enable the user to determine the boundary of the 3D zone,” would have been 

obvious for the same reasons as limitations 4[b] and 5[a] and claim 10.  §§IV.F.3, 
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IV.F.4.a, IV.H.2; Welch¶439.  POSAs would have known that a user could 

determine a boundary when it is displayed.  Welch¶¶140-142, 440. 

V. Ground 2:  Claims 1-20 are Unpatentable Over McCulloch, Pedrotti, 
and Flaks 

Challenged claims 1-20 are unpatentable over McCulloch in view of Pedrotti, 

and further in view of Flaks, for the reasons discussed below. 

A. Overview of McCulloch  

McCulloch, issued on May 26, 2015, is § 102(a) prior art and was not 

considered during prosecution. 

McCulloch disclosed a system for controlling virtual objects displayed by an 

“augmented reality display” comprising an HMD, control circuitry, and “controller 

device[s].”  McCulloch, 1:46-48, 4:25-55, 6:55-7:22, 8:1-39, Figs. 1B, 2A, 5.  

McCulloch’s HMD receives user input “requesting an action to be performed by the 

virtual object” through controllers, “appl[ies] the user input,” and then “display[s] 

the action.”  Id. 1:59-66, 11:42-46. 

The HMD tracks its position and orientation, “virtual objects” in the field of 

view, and the handheld controllers for controlling those objects.  Id. 4:14-31, 7:24-

67, 8:17-9:16, 11:56-12:17, 12:41-48, 15:30-47, 29:4-43, Figs. 4A, 8B, 8D.  

McCulloch further taught that users “identify[] boundaries for a playspace in which 

virtual objects can be positioned.”  Id. 20:11-13. 
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McCulloch’s HMD has an image and audio processing engine that renders 

virtual scenes, stores virtual object data, and generates 3D audio.  Id. 13:56-14:67, 

21:21-38, 22:66-23:4, Fig. 4A, cl. 8.  McCulloch taught that each object is associated 

with audio projected from its “3D space position” generated through HRTF 

processing (id. 26:7-19)—i.e., binaural sound from SLPs—including as described in 

U.S. Patent Application No. 12/903,610, which McCulloch incorporated by 

reference.  Id. 21:21-38.  That application issued as U.S. Patent No. 8,767,968, the 

Flaks reference.  Flaks (Ex.1009), Cover; Welch¶¶187-199. 

B. Overview of Flaks 

Flaks, issued in July 2014, is § 102(a) prior art and was not considered during 

prosecution.  Flaks disclosed techniques “for providing 3D audio,” including 

applying HRTFs to generate “3D audio signal[s],” i.e., binaural sound.  Flaks, 

Abstract, 9:4-10:4, 11:44-13:16, 13:55-14:4, Figs. 5A, 7, 8, 10; Welch¶¶200-208. 

C. Motivations to Combine 

McCulloch incorporates, and thus includes as part of its own disclosures, 

Flaks’s “3D audio engine.”  McCulloch, 21:21-38.  Further, POSAs would have 

known to combine McCulloch’s system with Flaks’ 3D audio engine because 

McCulloch says to do so, and to enhance the VR immersive experience using 3D 

audio.  Id.; §V.A; Welch¶¶455-456. 
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Additionally, POSAs would have been motivated to combine McCulloch’s 

system (including Flaks’s 3D audio engine) with Pedrotti’s method for assisting a 

user in remaining within a selected area.  McCulloch taught “identifying boundaries 

for a playspace” (McCulloch, 20:11-13), and POSAs would have recognized that 

Pedrotti describes an advantageous method for defining boundaries for virtual 

environments, including to protect users.  §IV.A; Welch¶¶443-454.   

In AR and VR environments, immersivity is key, and users risk personal 

injury and property damage due to collisions and tripping hazards.  For example, a 

user may be following a virtual helicopter flying overhead, as McCulloch describes, 

and accidentally trip over a sofa.  Or if a user is attacking a virtual monster standing 

in front of (and occluding) a bookshelf, the user may hit the bookshelf.  Pedrotti 

encourages POSAs to use its system given these known risks, including with systems 

that obscure only “portion of the user’s field of vision of the physical world,” like 

McCulloch’s.  Pedrotti, 16:14-19.  Pedrotti’s methods help users stay within 

boundaries and avoid such collisions, without disrupting immersive experiences.  

Welch¶¶446-452; §IV.A; Pedrotti, 11:66-12:3; McCulloch, 26:35-48, 20:28-29, 

23:39-51. 

McCulloch (including with Flaks) and Pedrotti also are analogous art.  Both 

are directed to systems and methods for providing immersive, interactive virtual 
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experiences and use motion-tracked HMDs and controllers.  §§IV.A, V.A; 

Welch¶¶444-445. 

Furthermore, POSAs combining the teachings of McCulloch (including with 

Flaks) with Pedrotti’s methods would have had a reasonable expectation of success.  

These references disclosed hardware that was well known before June 2016, such as 

HMDs, controllers, and processors, and common methods of using such hardware, 

e.g., to set boundaries and process sound with HRTFs.  §§IV.A, V.A-V.B.  

McCulloch’s HMD already had the capability to capture and store playspace 

boundaries.  McCulloch, 20:11-13.  It also had a computing platform for running AR 

applications and displaying virtual objects, and could thus display a virtual fence as 

taught by Pedrotti.  To POSAs, combining the teachings of McCulloch, Flaks, and 

Pedrotti to implement Pedrotti’s “safe area” system would have been obvious to try 

and well within common sense, and would have been routine, requiring no more 

than combining known elements with known functions, to improve similar devices 

in known ways.  Welch¶¶453-454.   
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D. Claim 1  

1. 1[pre]: A Method Executed by Electronic Devices9 

McCulloch disclosed methods executed by electronic devices, including an 

HMD and controllers.  McCulloch, 4:49-55, 6:55-61, Figs. 1A-1B; Welch¶¶457-

458.  So did Pedrotti.  §IV.E.1; Welch¶459. 

2. 1[a]: WED Tracking a HPED Defining a Zone 

McCulloch and Pedrotti render limitation 1[a] obvious.  McCulloch disclosed 

a “display device system 8” comprising a “head mounted display device 2” (WED) 

worn on a user’s head: 

 

McCulloch, Fig. 1B (excerpted), 4:49-55, 8:1-46; see also ’737 patent, 41:65-67 

(“electronic glasses” and HMDs listed as WEDs). 

 
9 The attached Claims Appendix and Ground 1 present claim recitations in full. 
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McCulloch’s HMD (WED) tracks handheld controllers (HPEDs).  The HMD 

has “[c]ontrol circuitry 136” comprising a “processing unit 210” including “one or 

more processors”:  

 

McCulloch, Fig. 2A, 8:1-16.  And the “computing environment” for the “display 

device system 8,” which includes the HMD as shown above, comprises an “image 

and audio processing engine 191.”  Id. Fig. 4A, 13:52-18:7 (describing “computing 

environment 54”).  That engine receives inertial and positional data from 

McCulloch’s “handheld IMU controller[s],” i.e., it tracks them (or at a minimum 

obviously tracks).  Id. 4:25-31, 28:63-66, 29:4-63 (“Inertial motion sensors” in 

handheld controllers “identify parameters like speed, acceleration and direction of 

motion,” “which is sent as data to the display device system 8”), 24:28-35, Figs. 8B, 

8D.  McCulloch further taught that its HMD tracks the controllers relative to the 

HMD and surrounding environment, as the HMD tracks its own position and uses 

image and depth data to track objects, e.g., controllers, in front of the user.  Id. 7:34-

59, 8:17-30, 12:18-21, 22:4-8, 28:5-11; Welch¶¶460-471.  Moreover, it would have 
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been obvious for McCulloch’s HMD to track controllers, particularly for the gaming 

applications McCulloch describes, because that functionality was common before 

June 2016.  Welch¶¶87-104, 472; VR Book, 315 (discussing “[h]and-held tracked 

devices” using “inertial, electromagnetic, ultrasonic, [and] optical (camera) 

technologies”). 

Additionally, implementing McCulloch’s system with Pedrotti’s “safe area” 

zone would render limitation 1[a] obvious, including the requisite HPED movement 

defining a 3D zone, in view of the Pedrotti disclosures discussed for limitation 1[a] 

in Ground 1.  §§IV.E.2, V.C; Welch¶¶473-474. 

3. 1[b]: Designating an SLP 

As discussed in Ground 1, Patentee contends in district court that 

limitation 1[b] requires only “a game character” being “moved by direction of [an] 

HPED.”  §IV.E.3.  McCulloch—like Pedrotti, Jang, and other AR and VR references 

(id.; Welch¶¶241, 243-244, 251-253, 475-476)—shows that limitation 1[b] would 

have been obvious under this interpretation.  

McCulloch disclosed multiple examples of handheld controllers moving 

virtual objects.  McCulloch, 12:49-13:51, 25:6-50, 29:4-17, Figs. 3A-3E, 8A-8D.  

For example, in Figure 8B, McCulloch depicts upward movement of “real controller 

device 19,” which “translate[s] into an up action” of a virtual basketball (302): 
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Id. Fig. 8B, 29:12-16.  McCulloch also disclosed that sound for its virtual objects—

e.g., the basketball smashing the television, or helicopters crashing into walls—

should be produced “as if coming from the direction of the virtual object.”  Id. 21:21-

38, 14:53-67, 24:67-26:34 (processes for controlling virtual objects include 

“play[ing] audio for the virtual object projected from a 3D space position of the 

virtual object”), 26:7-19 (helicopter), 29:3-30:3 (basketball), Figs. 5, 8A-8D. 

Additionally, McCulloch incorporates Flaks’s positional 3D audio engine (id. 

21:29-34), which processes sound with HRTFs to “localize a sound as coming from 

a virtual sound source,” i.e., to generate binaural sound for McCulloch’s HPED-

controlled virtual objects at those objects’ locations (SLPs).  Flaks, 1:44-46, 1:62-

64 (“realistic 3D audio”), 13:55-14:4; Welch¶¶477-483 (POSAs would have known 

that Flaks’s audio engine, i.e., McCulloch’s audio engine, uses HRTFs and “binaural 

cues” (Flaks, 1:9-11) to produce “binaural sound” at SLPs).   
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POSAs further would have known that locations from which sounds for 

McCulloch’s virtual objects are perceived to originate (SLPs) are, or at a minimum 

obviously would be, in “empty space in the zone above the physical floor.”  For 

example, as shown in Figure 8B (reproduced above), McCulloch’s virtual basketball 

is in empty space above a physical floor.  The basketball is in McCulloch’s 

“playspace” and would be in Pedrotti’s zone in an implementation incorporating 

Pedrotti’s teachings with McCulloch’s, for reasons discussed in Ground 1.  

McCulloch, Fig. 8B; 29:4-17 (actions applied to “basketball virtual object 302”); 

§IV.E.3; Welch¶484.  Other virtual images and associated binaural sounds, e.g., 

McCulloch’s whirring helicopter, could and would be similarly situated.  

Welch¶478. 

4. 1[c]: Tracked HPED Provides Location of SLP 

McCulloch’s HMD-tracked handheld controllers (HPEDs) move virtual 

objects and the locations for those objects’ sounds (SLPs).  §§V.D.2-V.D.3.  Thus, 

POSAs would have known that McCulloch’s controllers provide the HMD locations 

of SLPs in empty space and above a physical floor.  Welch¶¶485-487. 

Continuing with McCulloch’s basketball example, Figure 8D depicts “the 

virtual basketball 303 collid[ing] with the display of [a] television” because the user 

“moved the handheld IMU device with such an intensity in the direction of the 

television 16”: 
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McCulloch, Fig. 8D, 29:36-30:30, Figs. 8B-8C.  This collision emits a crash sound 

from where the basketball hits the television, i.e., a binaural sound.  Id. 21:34-38.  

And POSAs would have understood that for this sound to be localized to that 

location (SLP), McCulloch’s HMD would have to (or would obviously) receive the 

collision’s location from the HMD-tracked controller—i.e., the HPED would 

provide the WED the location of the SLP.  Welch¶¶488-490.  Additionally, for 

reasons discussed, SLPs in a McCulloch-Pedrotti (or McCulloch-Flaks-Pedrotti) 

implementation would be, or at a minimum obviously would be, in empty space in 

a zone above a physical floor.  Id.¶491; §V.D.3. 

5. 1[d]: Processor Processes Sound with HRTFs 

McCulloch—via its incorporation of Flaks or in view of Flaks—disclosed, or 

at a minimum rendered obvious, limitation 1[d].  
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McCulloch’s HMD includes a 3D audio engine for producing audio 

“projected from a 3D space position of the virtual object,” i.e., binaural sound, and 

McCulloch incorporated Flaks for implementation details.  McCulloch, 13:52-14:5, 

14:59-64, 21:21-38, 25:60-26:19, Fig. 4A.  Those details include Flaks’s disclosure 

that 3D audio, i.e., binaural sound, is generated by processing HRTFs as claimed.  

Flaks, 2:6-20 (processor applies HRTFs to provide 3D audio); Welch¶¶492-497 

(Flaks’s audio engine uses HRTFs and “binaural cues” (Flaks, 1:9-11) to produce 

“binaural sound” at SLPs); see also Welch¶¶105-112, 498 (POSAs knew to process 

HRTFs with a processor to generate binaural sound); §IV.E.5; Begault Dep., 196:12-

197:18 (effectively conceding limitation 1[d] was known). 

Additionally, as noted, SLPs in a McCulloch-Pedrotti (or McCulloch-Flaks-

Pedrotti) implementation would be, or at a minimum obviously would be, in empty 

space in a zone above a physical floor.  §V.D.3; Welch¶499.   

6. 1[e]: Display a Virtual Image at the SLP 

McCulloch and Pedrotti both disclosed HMDs that display virtual images.  

McCulloch, Fig. 8B, 8:40-46, 16:49-65, 13:52-14:5, Fig. 4A; Pedrotti, Abstract; 

§IV.E.6.  And, as discussed, McCulloch discloses, or at a minimum renders obvious, 

displaying virtual images, e.g., a basketball or a helicopter, at the locations for the 

images’ binaural sounds (SLPs), e.g., where the basketball smashes a television or 

where helicopters crash into walls, including in empty space in a zone above a 
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physical floor.  §§V.D.3-V.D.5 (limitations 1[b]-1[d]); Flaks, 4:10-20 (“virtual 

sound source 29a c[an] be an object being displayed on [a] display”); Welch¶¶500-

505. 

E. Dependent Claims 2-7 

Claims 2-7 are unpatentable for the same reasons as claim 1 and as further 

explained below. 

1. Claim 2 

a. 2[a]: VR Character That Talks 

McCulloch would have rendered limitation 2[a] obvious.  POSAs would have 

known that McCulloch’s binaural sounds could and would be the voice of a VR 

character that talks to a user in a VR game. 

McCulloch taught that its inventions are useful for controlling virtual objects 

for virtual games.  McCulloch, Title, 4:25-31 (controllers “associated with gaming 

consoles or game applications”), 6:12-33 (“virtual objects” for “a game application”), 

20:60-63 (incorporating Mount 350 (Ex.1027) by reference); Mount 350, [0003], 

[0023]-[0024] (user “may walk around a real-world environment and play a virtual 

game”); Welch¶¶509-515.  McCulloch also disclosed that its system can include a 

video-see display, where the processor supplements the image of the real world with 

superimposed virtual objects.  McCulloch, 3:61-4:3, 26:20-48; Welch¶¶510-511 

(POSAs would have known that AR systems frequently are, or at a minimum 

obviously are, applicable in VR), 512; Zhou (Ex.1107) 1004-09 (game “seamless[ly] 
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transition[s] from AR to VR”). 

Additionally, POSAs would have known that in a VR game, a VR character 

that talks to a user is a typical (and obvious) virtual object, including in view of the 

disclosures in Mount 350 and Flaks, which McCulloch incorporates by reference.  

Mount 350, [0042], [0049] (virtual monsters and people); Flaks, 1:44-46, 1:62-64, 

4:10-20, 13:55-14:4 (3D audio engine “localize[s] [] sound as coming from a virtual 

sound source,” which can be “an object being displayed on [a] display”); 

Welch¶¶319-322, 510-511 (collecting references); Ross, 17:63-18:9. 

b. 2[b]: Localized VR Character Voice  

For the same reasons it would have been obvious to externally localize other 

sounds to SLPs, it would have been obvious to externally localize a VR character’s 

voice to a VR character’s image (at an SLP).  §§V.D.3-V.D.5, V.E.1.a; Welch¶¶516-

518; VR Book, 240 (“Spatialized audio” “provide[s] cues of where other characters 

are located”).   

2. Claim 3 

a. 3[a]: Tracked HPED Moves in an Arc  

McCulloch and Pedrotti each disclosed HMD-tracked handheld controllers 

(HPEDs) that move in arc-shaped trajectories.  McCulloch, 29:11-16 (“movement 

of the real controller” as “translated into an [] action to be applied to” the virtual 

object), 27:55-64 (engine for controller’s force feedback applicable to swinging and 

throwing virtual objects (e.g., McCulloch’s virtual basketball), actions that would 
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necessitate or obviously encompass moving a controller in an arc); Mount 350, 

[0024] (disclosing “first person shooting games”); §IV.F.2.a; Welch¶¶519-521. 

b. 3[b]: Sound Moves Along Arc  

Limitation 3[b]’s HRTF processing would have been obvious for the same 

reasons as limitation 1[d]’s.  §V.D.5.  Additionally, it would have been obvious to 

use HRTFs to process binaural sound that moves through empty space in a virtual 

environment along an arc trajectory, e.g., as a controller and associated virtual object 

(e.g., basketball, helicopter, weapon, etc.) moves in that trajectory.  POSAs would 

have known and been motivated to keep visual elements moving in an arc together 

with associated sounds.  Welch¶¶522-524; §IV.E.3 (moving VR objects with their 

sounds is fundamental). 

c. 3[c]: Display Shows Arc 

Limitation 3[c] would have been obvious for the same reasons as 

limitations 3[a] and 3[b].  §§IV.F.2.a-IV.F.2.b.  For example, POSAs would have 

known that when a virtual image displayed by McCulloch’s HMD moves in an arc 

trajectory with its associated sound—e.g., when a user sees an arcing helicopter or 

weapon slicing through air or another virtual object—the virtual object would show 

the user the trajectory of associated binaural sounds moving through the virtual 

environment’s empty space.  Welch¶¶525-526. 
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3. Claim 4 

a. 4[a]: Determine Conflict with Boundary 

Limitation 4[a] would have been obvious in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §IV.F.3.a; Welch¶¶527-530.   

b. 4[b]: Display Boundary Of Zone 

Limitation 4[b] would have been obvious in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §IV.F.3.b.  Additionally, POSAs would 

have understood that McCulloch’s system could and would display Pedrotti’s 

boundaries and virtual fence because McCulloch disclosed an HMD with a virtual 

data engine that displays virtual objects and images and displaying the virtual 

boundary would ensure that users remained within the safe playspace.  §§V.A, V.D; 

McCulloch, 17:47-48, 23:25-38; Welch¶531. 

4. Claim 5 

a. 5[a]: Display Zone as Lines 

Limitation 5[a] would have been obvious in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §IV.F.4.a; §V.E.3.b; Welch¶¶532-534. 

b. 5[b]: Customized Zone  

Limitation 5[b] would have been obvious in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §IV.F.4.b.  Also, POSAs would have 

known that McCulloch’s playspace boundaries, which are identified via “user input,” 

could be any shape drawn by a user.  McCulloch, 20:11-13.  And a WED (HMD) 
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storing coordinate locations of a customized zone would have been obvious in view 

of McCulloch teaching the use of a scene mapping engine to compare the location 

of a tracked controller against stored data of a zone based on a common coordinate 

system.  Id. 15:30-16:32, Fig. 2A, 8:1-11 (“memory 244” in HMD 2).  Such storage 

was known, and known to be advantageous, and POSAs would have been motivated 

to store the customized shape in the HMD because it already had built-in memory 

and HMD storage would make the data readily accessible.  Welch¶¶535-539. 

5. Claim 6 

a. 6[a]: Display a Virtual Monitor 

McCulloch disclosed, or at a minimum rendered obvious, imitation 6[a].  

McCulloch disclosed displaying virtual objects, as discussed, as well as keeping 

them within a field of view.  McCulloch, 12:29-32 (“A virtual object is generated by 

an application and is displayed”), 12:3-16 (updating virtual object according to a 

user’s perspective).  In addition, as noted, McCulloch disclosed a virtual television 

monitor that shatters when a virtual basketball hits it.  Id. 29:36-63.  Also, a virtual 

monitor is just one example virtual object that McCulloch’s system could display, 

and POSAs would have known to display such an image because virtual monitors 

were well known, useful tools for virtual environments, including for providing 

information to users.  Welch¶¶540-542. 
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b. 6[b]: Sound Comes From Virtual Monitor 

It would have been obvious to process sound with HRTFs to generate binaural 

sound from a virtual monitor (e.g., before or when the monitor is shattered by 

McCulloch’s basketball) for the reasons discussed in Sections V.D.5 and V.E.2.b. 

Welch¶¶543-545; §IV.F.5.b. 

c. 6[c]: Sound Maintained at Virtual Monitor 

McCulloch—via its incorporation of Flaks or in view of Flaks—disclosed, or 

at a minimum rendered obvious, limitation 6[c].  McCulloch disclosed that its HMD 

tracks a user’s “movements, head position, and [] orientation” (McCulloch, 8:17-39), 

and Flaks described processing and producing binaural sound, including in concert 

with head tracking.  §V.D.5; Flaks, 10:5-8 (“determine which way the user’s head is 

rotated”), 11:25-43 (“inertial sensor is located on the user’s head” to allow tracking 

of head).  POSAs thus would have known and been motivated to process binaural 

sound originating from a virtual monitor as claimed.  Welch¶¶546-547.  As 

discussed in Ground 1, it was known before 2016 that user head movements should 

be tracked and accounted for to maintain proper locations for the origination of 

binaural sound while a listener moves.  Id.¶548; §IV.F.5.c. 

6. Claim 7: Cylindrical Zone 

Claim 7 would have been obvious for the same reasons as claims 1, 4, and 5 

(§§V.D, V.E.3-V.E.4), and in view of the Pedrotti disclosures discussed for this 

claim in Ground 1.  §IV.F.6; Welch¶¶549-550. 
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F. Claim 8 

1. 8[pre]: Method Executed by Electronic Devices 

Claim 8’s preamble would have been obvious for the same reasons as 

claim 1’s.  §V.D.1; Welch¶552. 

2. 8[a]: WED Tracking a HPED Defining a Zone   

Limitation 8[a] would have been obvious for the same reasons as 

limitation 1[a].  §V.D.2; Welch¶¶553-554.  

3. 8[b]: Designating an SLP 

Limitation 8[b] would have been obvious for the same reasons as 

limitation 1[b].  §V.D.3; Welch¶¶555-556.   

Additionally, McCulloch disclosed a controller used to point.  McCulloch, 

4:25-33, 6:61-66, 25:25-28 (“non-NUI input like moving a displayed selection arrow 

[a type of pointer] with the real controller device may be used to identify a user 

selected object for control”), cl. 12.  And, as discussed in Ground 1, POSAs would 

have known to use a handheld controller to select, move, and control virtual objects 

by pointing at them.  Welch¶557; §IV.G.3.  

4. 8[c]: Tracked HPED Provides Location of SLP 

Limitation 8[c] would have been obvious for the same reasons as 

limitations 1[c] and 8[b].  §§V.D.4, V.F.3. 
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In addition, tracking “where the HPED is pointed” would have been obvious 

because, as noted, “[p]ointing” is “one of the most fundamental and often-used 

patterns for selection.”  VR Book, 327; §IV.G.3; Welch¶¶558-560.  

5. 8[d]: Processor Processes Sound with HRTFs 

Limitation 8[d] would have been obvious for the same reasons as 

limitation 1[d].  §V.D.5; Welch¶¶562-563. 

6. 8[e]: Display a Virtual Image at the SLP 

Limitation 8[e] would have been obvious for the same reasons as 

limitation 1[e].  §V.D.6; Welch¶564. 

G. Dependent Claims 9-13 

Claims 9-13 are unpatentable for the same reasons as claim 8 and as further 

explained below.   

1. Claim 9: VR Character Voice 

Claim 9 is substantively the same as claim 2, and obvious for the same reasons.  

§V.E.1; Welch¶¶568-569. 

2. Claim 10: VR Game With Zone Lines 

Claim 10 would have been obvious for the same reasons as claim 2 and 4 and 

limitation 5[a], including in view of the Pedrotti disclosures discussed for this claim 

in Ground 1.  §§V.E.1, V.E.3, V.E.4.a; §IV.H.2; Welch¶570.   
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3. Claim 11: Display Customized Zone  

Claim 11 would have been obvious for the same reasons as limitations 1[a] 

and 5[b].  §§V.D.2, V.E.4.b; Welch¶571. 

4. Claim 12: HPED Moves the SLP 

Claim 12 would have been obvious over McCulloch, in view of Pedrotti, and 

further in view of Flaks. 

McCulloch disclosed HMD-tracked handheld controllers (HPED) (§V.D.2), 

and for reasons discussed in the context of limitations 8[b] and 8[c], it would have 

been obvious to track where McCulloch’s controllers were pointed (§§V.F.3-V.F.4), 

including when McCulloch’s controller is used to move virtual objects, including 

SLPs and virtual images, which McCulloch, Flaks, and Pedrotti render obvious 

(§§V.D.3-V.D.4, V.E.2, V.F.3-V.F.4).  Such actions were routine and well known 

before June 2016, as Dr. Begault admitted.  Welch¶¶572-575; Begault Dep., 195:12-

196:10. 

5. Claim 13: DSP and HRTFs in Cache 

McCulloch—via its incorporation of Flaks or in view of Flaks—would have 

rendered claim 13 obvious for the same reasons as limitations 1[d], 5[b], and 8[d].  

§§V.D.5, V.F.5, V.E.4.b.   

Additionally, McCulloch disclosed an HMD with “one or more processors,” 

including “digital processing unit 210” and an audio processing engine.  McCulloch, 

8:1-16, 8:30-39.  POSAs would have known and been motivated to implement 
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McCulloch’s audio processing with a DSP for the same reasons discussed in 

Ground 1.  §IV.H.5; Welch¶¶576-580.   

Also, Flaks disclosed using cache memory to improve performance.  Flaks, 

14:60-67 (cache “improv[es] processing speed and throughput”); McCulloch, 21:21-

38, Fig. 4A.  Thus, POSAs would have known to use cache in McCulloch’s HMD 

to store HRTFs.  Welch¶¶579-580; §IV.H.5. 

H. Claim 14 

1. 14[pre]: Electronic System 

The preamble of claim 14 would have been obvious.  McCulloch and Pedrotti 

disclose electronic systems.  §§V.A, IV.A, V.D.1, V.F.1; Welch¶582. 

2. 14[a]: PED Defines Zone and Designates An SLP 

Limitation 14[a] would have been obvious for the same reasons as limitations 

1[a]-1[b] and 8[a]-8[b].  §§V.D.2-V.D.3, V.F.2-V.F.3; Welch¶¶583-584 

(McCulloch’s controller also is the “PED” in claim 14).  POSAs would have known 

that a user stands on a physical floor.  Welch¶585. 

3. 14[b]: WED Tracks PED to Determine Boundary 

Limitation 14[b] would have been obvious for the same reasons as 

limitations 1[a] and 8[a].  §§V.D.2, V.F.2; Welch¶586. 
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4. 14[c]: Processor Processes Sound with HRTFs  

Limitation 14[c] would have been obvious for the same reasons as 

limitations 1[d] and 8[d].  §§V.D.5, V.F.5; Welch¶587; Begault Dep., 197:20-

198:12. 

5. 14[d]: Display Virtual Images at the SLP and the Zone 
Boundary 

Limitation 14[d] would have been obvious for the same reasons as 

limitations 1[e], 4[b], 5[a], and 8[e], as well as in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §§V.D.6, V.E.3.b, V.E.4.a, V.F.6, IV.I.5; 

Welch¶¶588-589.   

I. Dependent Claims 15-20 

Claims 15-20 are unpatentable for the same reasons as claim 14 and as further 

explained below.  

1. Claim 15: Customized Zone 

Claim 15 would have been obvious for the same reasons as limitation 5[b].  

§V.E.4.b; Welch¶¶593-595; §IV.J.1. 

2. Claim 16 

a. 16[a]: Determine PED is at Boundary 

Limitation 16[a] would have been obvious for the same reasons as limitations 

1[c] and 4[a].  §§V.D.4, V.E.3.a; Welch¶¶596-598; §IV.J.2.a. 
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b. 16[b]: Display Boundary of Zone 

Limitation 16[b] would have been obvious for the same reasons as a 

limitations 4[b] and 16[a].  §§V.E.3.b, V.I.2.a; Welch¶¶599-600; §IV.J.2.b. 

3. Claim 17 

a. 17[a]: Determine User is at Boundary 

Limitation 17[a] would have been obvious for the same reasons as limitations 

1[c] and 4[a].  §§V.D.4, V.E.3.a; Welch¶601; §IV.J.3.a. 

b. 17[b]: Display Boundary of Zone 

Limitation 17[b] would have been obvious for the same reasons as 

limitation 4[b] and 17[a].  §§V.E.3.b, V.I.3.a; Welch¶¶602-603; §IV.J.3.b. 

4. Claim 18 

a. 18[a]: Determine Location of User 

Limitation 18[a] would have been obvious for the same reasons as 

limitations 4[a] and 17[a].  §§V.E.3.a, V.I.3.a; McCulloch, 8:17-30 (“location 

sensing unit 144”); Flaks, 7:33-34 (“listener’s location” “carefully tracked”), 9:18-

20 (system “track[s] the physical location of the user”), 11:32-38; Welch¶¶@604-

607; §IV.J.4.a. 

b. 18[b]: Store Zone for Location 

Limitation 18[b] would have been obvious for the same reasons as 

limitation 5[b].  §§V.E.4.b, IV.J.4.b; §IV.J.4.b.  Also, McCulloch disclosed storing 

a 3D zone because it taught generating and storing 3D maps of environments, and it 
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would have been obvious to store 3D zones in mapped environments.  McCulloch, 

15:48-54, 15:63-67; Welch¶¶608-610.  

c. 18[c]: Display Boundary if User is There 

Limitation 18[c] would have been obvious for the same reasons as 

limitations 4[b] and 17[a] and 17[b], as well as in view of the Pedrotti disclosures 

discussed for this limitation in Ground 1.  §§V.E.3.b, V.I.3.a, V.I.3.b, IV.J.4.c.  

Additionally, based on McCulloch’s disclosure of storing 3D maps for when users 

enter or re-enter virtual environments, it would have been obvious to display the 

boundary of the zone in response to determining that the user has entered or re-

entered the virtual environment and is thus at a location in the zone, e.g., to inform 

the user of applicable boundaries.  McCulloch, 15:48-54, 15:63-67.  That would 

constitute (or at a minimum render obvious) limitation 18[c]’s display of a boundary 

when a user is determined to be “at the location.”  Welch¶¶611-612.     

5. Claim 19 

a. 19[a]: WED Has Light-Tracking Sensors That Track 
PED Defining Zone 

Limitation 19[a] would have been obvious over McCulloch in view of Pedrotti, 

including in view of Flaks.  McCulloch disclosed using capture devices such as 

cameras and infrared transceivers (i.e., sensors) in an HMD to detect and track 

infrared light, including from controllers.  McCulloch, 7:34-40 (capture devices), 

8:3-39 (transceivers), 5:19-36 (companion processing module 4 in HMD 
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communicates via infrared with controllers); §V.H.2.  Also, as discussed in Ground 

1, limitation 19[a]’s tracking of light sources emitted by PEDs was well known and 

disclosed or rendered obvious by Pedrotti.  §IV.J.5.a; Welch¶¶613-614. 

b. 19[b]: Display a Virtual Monitor 

Limitation 19[b] would have been obvious for the same reasons as 

limitations 6[a] and 6[b].  §§V.E.5.a-V.E.5.b; Welch¶615. 

c. 19[c]: Sound Maintained at Virtual Monitor 

Limitation 19[c] would have been obvious for the same reasons as 

limitations 6[b] and 6[c].  §§V.E.5.b-V.E.5.c; Welch¶616. 

6. Claim 20: Display Zone as Lines 

Claim 20 would have been obvious for the same reasons as limitations 4[b] 

and 5[a] and claim 10.  §§V.E.3.b, V.E.4.a, V.G.2.  POSAs would have known that 

a user could determine a boundary when it is displayed.  Welch¶¶617-618.  

VI. Secondary Considerations 

Petitioners are unaware of any secondary considerations that affect—let alone 

overcome—the obviousness cases set out above.  Should Patentee proffer any 

secondary considerations evidence in its preliminary response, Petitioners should be 

permitted to reply. 

VII. The Board Should Reach the Merits of This Petition 

The Board should reach the merits of this petition and should not exercise its 

discretion to deny based on 35 U.S.C. § 314(a) or § 325(d).  None of the prior art at 
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issue in this petition was cited or relied upon during prosecution of the ’737 patent. 

As for the district court case, the court is currently deciding a motion to transfer.  

Eight kHz v. Meta Platforms, No. 6:22-cv-00575, Dkt. 46 (W.D. Tex.). 

Petitioners reserve the right to address any discretionary issues raised by 

Patentee based on the facts and law as they stand at that time. 

VIII. Mandatory Notices Under 37 C.F.R. § 42.8(B) 

A. Real Parties-In-Interest 

Petitioners are the only real parties-in-interest. 

B. Related Matters 

Patent Center indicates that U.S. Patent Application Nos. 62/348,164, 

15/365,880, 15/429,131, 15/635,166, 17/169,481, and 17/988,808, currently 

pending, are related to the ’737 patent, which issued from Application 

No. 16/558,088.   

The ’737 patent is at issue in Eight KHZ v. Meta Platforms, No. 6:22-cv-00575 

(W.D. Tex.). 

C. Grounds for Standing 

Petitioners certify that the ’737 patent is available for IPR and Petitioners are 

not barred from requesting same. 

D. Counsel and Service Information 

Pursuant to 37 C.F.R. §§ 42.8(b)(3), 42.8(b)(4), and 42.10(a), Petitioners 

designate the following lead counsel:  
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• Inge A. Osman (Reg. No. 74,480), inge.osman@lw.com, Latham & 

Watkins LLP; 555 Eleventh Street, NW, Ste. 1000; Washington, DC 

20004-1304; 202.637.3308 (Tel.); 202.637.2201 (Fax). 

Petitioners also designate the following backup counsel:  

• Christopher W. Henry (Reg. No. 60,907), christopher.henry@lw.com, 

Latham & Watkins LLP; 200 Clarendon Street; Boston, MA 02116; 

617.880.4550 (Tel.); 617.948.6001 (Fax). 

• Jonathan M. Strang (Reg. No. 61,724), jonathan.strang@lw.com, 

Latham & Watkins LLP; 555 Eleventh Street, NW, Ste. 1000; 

Washington, DC 20004-1304; 202.637.2362 (Tel.); 202.637.2201 

(Fax).  

• Linfong Tzeng (Reg. No. 65,140), linfong.tzeng@lw.com, 

Latham & Watkins LLP; 140 Scott Drive, Menlo Park, CA 94025; 

650.463.3092 (Tel.); 650.463.2600 (Fax). 

• Kimberly Q. Li (Reg. No. 74,713), kimberly.li@lw.com,  

Latham & Watkins LLP; 200 Clarendon Street; Boston, MA 02116; 

617.880.4529 (Tel.); 617.948.6001 (Fax), and 

• Razi Safi (Reg. No. 75,594), razi.safi@lw.com, Latham & Watkins 

LLP; 555 Eleventh Street, NW, Ste. 1000; Washington, DC 20004-

1304; 202.637.2120 (Tel.); 202.637.2201 (Fax). 
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Pursuant to 37 C.F.R. § 42.10(b), a Power of Attorney from Petitioners is 

attached. Petitioners consent to electronic service. 

E. IPR Fee 

The Director is authorized to charge the requisite fee to Deposit Account No. 

506269. 

IX. Conclusion 

IPR should be instituted, and each challenged claim should be found 

unpatentable. 

 

Respectfully submitted, 

Dated: June 9, 2023    By: / Inge A. Osman / 

      Inge A. Osman (Reg. No. 74,480) 
      inge.osman@lw.com 

Latham & Watkins LLP 
555 Eleventh Street, NW, Ste. 1000 
Washington, DC 20004-1304 
Telephone: 202.637.2200 
Fax: 202.637.2201 
 
Counsel for Petitioners  
Meta Platforms, Inc., Meta Platforms 
Technologies, LLC, and Twisted Pixel 
Games, LLC 
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Claims Appendix 

This “Claims Appendix” reproduces the challenged claims, with bracketed 
identifiers added for cross-referencing. 

Claim 1: 
[pre] A method executed by one or more electronic devices, the method 
comprising: 
[a] tracking, with a wearable electronic device (WED) worn on a head of a 
user, movement of a handheld portable electronic device (HPED) held in a 
hand of the user such that the movement of the HPED defines a size and a 
shape of a three-dimensional (3D) zone that extends from a physical floor and 
around the user; 
[b] designating, with the HPED held in the hand of the user, a sound 
localization point (SLP) in empty space in the zone above the physical floor 
from where binaural sound originates to the user; 
[c] tracking, with the WED worn on the head of the user, the HPED held in 
the hand of the user such that the HPED provides a location to the WED of 
the SLP in empty space in the zone above the physical floor from where the 
binaural sound originates to the user; 
[d] processing, by a processor, sound with head-related transfer functions 
(HRTFs) to generate the binaural sound that externally localizes to the user at 
the location of the SLP in empty space in the zone above the physical floor; 
and 
[e] displaying, with the WED worn on the head of the user, a virtual image at 
the location of the SLP in empty space in the zone above the physical floor 
from where the binaural sound originates to the user. 

Claim 2: 
[a] The method of claim 1, wherein the binaural sound is a voice of a virtual 
reality (VR) character that talks to the user while the user plays a VR game, 
[b] and the voice externally localizes to the user at the VR character that is at 
the location of the SLP in empty space in the zone above the physical floor. 

Claim 3: 
[a] The method of claim 1 further comprising:  tracking, with the WED worn 
on the head of the user, the HPED held in the hand of the user as the HPED 
moves in a trajectory having a shape of an arc; 
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[b] processing, by the processor and with the HRTFs, the sound to generate 
SLPs of the binaural sound that moves through the empty space along the 
trajectory having the shape of the arc; and 
[c] displaying, with the WED worn on the head of the user, virtual images that 
follow the trajectory having the shape of the arc that shows the user the 
trajectory of the SLPs of the binaural sound moving through the empty space. 

Claim 4: 
[a] The method of claim 1 further comprising:  determining, with the WED 
worn on the head of the user, when a location of the user conflicts with a 
boundary of the zone; and 
[b] displaying, with the WED, the boundary of the zone to alert the user that 
the location of the user conflicts with the boundary of the zone. 

Claim 5: 
[a] The method of claim 1 further comprising:  displaying, with the WED 
worn on the head of the user, a virtual image of the zone as lines that extends 
from the physical floor and around the user, 
[b] wherein the zone has a customized shape drawn by user with the HPED, 
and the WED stores coordinate locations of the customized shape. 

Claim 6:  
[a] The method of claim 1 further comprising:  displaying, with the WED, a 
virtual monitor in a field of view (FOV) of the user; 
[b] processing, by the processor, the sound with the HRTFs to generate the 
binaural sound that originates from the virtual monitor; and 
[c] tracking, with the WED, head movements of the user to maintain the 
binaural sound originating from the virtual monitor as the head of the user 
moves. 

Claim 7:  
The method of claim 1, wherein the zone has a shape of a cylinder that extends 
from the physical floor and around the user, and the WED displays the 
cylinder to the user.  

Claim 8: 
[pre] A method executed by one or more electronic devices, the method 
comprising: 
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[a] tracking, with a wearable electronic device (WED) worn on a head of a 
user, a handheld portable electronic device (HPED) that moves to define a 
shape of a zone that extends from a physical floor and around the user holding 
the HPED in a hand; 
[b] designating, with the HPED held in the hand of the user, a sound 
localization point (SLP) for binaural sound at a location in empty space in the 
zone above the physical floor where the HPED is pointed; 
[c] tracking, with the WED worn on the head of the user, the HPED and where 
the HPED is pointed to provide the WED with the location in empty space in 
the zone above the physical floor that includes the SLP for the binaural sound; 
[d] processing, by a processor, sound with head-related transfer functions 
(HRTFs) to produce the binaural sound that originates at the SLP at the 
location in empty space in the zone above the physical floor; and 
[e] displaying, with the WED worn on the head of the user, a virtual image at 
the location in empty space in the zone above the physical floor from where 
the binaural sound originates at the SLP to the user. 

Claim 9: 
The method of claim 8 further comprising:  providing a voice as the binaural 
sound that externally localizes at the virtual image at the location in empty 
space in the zone above the physical floor, wherein the voice originates from 
a character in a virtual reality (VR) game that the user plays. 

Claim 10: 
The method of claim 8 further comprising: displaying, with the WED, a 
boundary of the zone with virtual lines to alert the user when the user conflicts 
with the boundary of the zone while the user plays a virtual reality (VR) game. 

Claim 11: 
The method of claim 8 further comprising:  displaying the zone as a 
customized three-dimensional (3D) shape drawn by the user with the HPED 
held in the hand of the user. 

Claim 12: 
The method of claim 8 further comprising:  tracking, with the WED, a location 
where the HPED is pointed as the HPED moves the SLP and the virtual image 
from one location where the HPED is pointed to another location where the 
HPED is pointed. 
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Claim 13: 
The method of claim 8 further comprising:  improving performance of the 
processor processing the sound by storing the HRTFs in a cache memory in 
the WED, wherein the processor is a digital signal processor (DSP) located in 
the WED. 

Claim 14: 
[pre] An electronic system, comprising:  
[a] a portable electronic device (PED) that moves to define a boundary of a 
three-dimensional (3D) zone extending from a physical floor on which a user 
holding the PED stands and around the user and that designates a sound 
localization point (SLP) in empty space inside the 3D zone; and 
[b] a wearable electronic device (WED) that is worn on a head of the user, 
tracks movement of the PED to determine the boundary of the 3D zone that 
extends from the physical floor and around the user, 
[c] includes a processor that processes sound with head-related transfer 
functions (HRTFs) so sound externally localizes as binaural sound to the user 
at the SLP in empty space inside the 3D zone defined by movement of the 
PED, and 
[d] displays a virtual image at the SLP in empty space inside the 3D zone, and 
displays a 3D virtual image that shows the boundary of the 3D zone that 
extends from the physical floor and around the user. 

Claim 15: 
The electronic system of claim 14, wherein the 3D zone has a customized size 
and shape defined by movement of the PED while held in a hand of the user. 

Claim 16: 
[a] The electronic system of claim 14, wherein the WED tracks the PED to 
determine when the PED is at the boundary of the 3D zone, and  
[b] the WED automatically displays the 3D virtual image that shows the 
boundary of the 3D zone to alert the user that the PED is at the boundary of 
the 3D zone. 

Claim 17: 
[a] The electronic system of claim 14, wherein the WED tracks the user to 
determine when the user is at the boundary of the 3D zone, and 
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[b] the WED automatically displays the 3D virtual image that shows the 
boundary of the 3D zone to alert the user that the user is at the boundary of 
the 3D zone. 

Claim 18: 
[a] The electronic system of claim 14, wherein the WED determines a location 
of the user, 
[b] stores the 3D zone for the location, and 
[c] displays the 3D virtual image that shows the boundary of the 3D zone in 
response to determining that the user is at the location. 

Claim 19: 
[a] The electronic system of claim 14, wherein the WED includes one or more 
sensors that track a light source in the PED to determine a location of the PED 
as the PED moves to define the boundary of the 3D zone, 
[b] the WED displays a virtual monitor at the SLP in empty space inside the 
3D zone, and 
[c] the binaural sound continues originates to the user at the virtual monitor 
as the head of the user rotates to different orientations with respect to the 
virtual monitor. 

Claim 20:  
The electronic system of claim 14, wherein the WED displays the 3D virtual 
image that shows the boundary of the 3D zone as lines to enable the user to 
determine the boundary of the 3D zone. 
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