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Field of the Disclosure

[0001] This application claims benefit of U.S. Provisional Patent Application No

62/566,303 filed September 29, 2017, the entire disclosure of which is incorporated

herein by reference for all purposes.

[0002] This relates to a glove capable of measuring the movement of individual

finger and thumb bones.

Background of the Disclosure

[0003] Virtual reality (VR) technology can be used for many applications such as

military training, educational learning, and video games. VR technology can use one or

more electronic devices to simulate a virtual environment and the user's physical

presence in that virtual environment. One type of VR technology is augmented reality

(AR) technology, where the user's real environment can be supplemented with computer-

generated objects or content. Another type of V technology is mixed reality (MR)

technology, where the user's real environment and the virtual environment can be

blended together.

[0004] VR AR MR technology can be simulated using one or more electronic

devices. One electronic device can be a VR headset, where the user can use the VR

headset to see the simulated virtual environment. As the user moves his or her head to

look around, a display included in the headset can update to reflect the user's head

movement. Another electronic device can include one or more cameras. The one or

more cameras can be used to capture the user's real environment in AR technology

and/or can be used for positional tracking. Yet another electronic device can include VR

gloves. VR gloves can be worn over the user's hands and can allow the user to touch,

feel, and hold virtual objects in real-time. VR gloves capable of accurately detecting the

positions and motions of the user's hands and fingers without occlusion may be desired.



S r of the Disclosure

[0005] This disclosure relates to a V glove capable of measuring the movement of

individual finger and thumb bones. The VR glove can include a plurality of inertial

measurement units (IMUs) to track the movement of one or more finger and/or hand

sections. The IMUs can include one or more motion sensors, such as a gyroscope and an

acceierometer, for measuring the orientation, position, and velocity of objects (e.g., finger

bones) that the IMU can be attached. An M U can be located proximate to a finger (or

thumb) bone and can measure the inertial motion of the corresponding bone. In some

examples, the VR glove may include magnetometers to determine the direction of the

geo-magnetic field. The VR glove can also include one or more other electronic

components, such as a plurality of electrodes for sensing the heading, enabling capacitive

touch, and/or contact sensing between finger tips. The VR glove can also include force

sensors, actuators for haptic feedback, temperature sensors, and heaters. The VR glove

can further include logic such as an on-board controller, a connector, a transceiver, a

battery, and the like. One or more buses can be used to carry signals between the

electronic components to, e.g., the on-hand controller. The VR glove can be a fabric

glove where one or more (e.g., all) electronics components can be knitted or woven into

the glove. In some examples, the fabric can be stitched together using conductive

threads. Examples of the disclosure can further include detecting movement of the glove

without using magnetometers by comparing the motion detected by the IMUs with local

frame(s). Heading initialization can include rotation optimizers, and heading correction

can include detecting irregularities (e.g., collision, rotations, etc.) of the nodes associated

with the IMUs.

Brief Description of the Drawings

[0006] FIG. 1 illustrates an exemplary model of a human hand according to examples

of the disclosure.

[0007] FIG. 2 illustrates a back view of an exemplary VR glove according to

examples of the disclosure.



[0008] FIG. 3 illustrates a block diagram of an exemplary VR glove according to

examples of the disclosure.

[0009] FIG. 4A illustrates an exemplary process for determining the locations and

motions of the hand and fingers using a VR glove according to examples of the

disclosure.

[0010] FIG. 4B illustrates an exemplary hand reference according to examples of the

disclosure.

[0011] FIG. 4C illustrates exemplary local frames for a plurality of fingers and a

thumb included in a hand reference according to examples of the disclosure.

[0012] FIG. 5 illustrates an exemplary process for determining the initial heading

using an x-rotation optimizer according to examples of the disclosure.

[0013] FIG. 6A illustrates an exemplary collision of two or more fingers according to

examples of the disclosure.

[0014] FIG. 6B illustrates exemplary rotations of two or more nodes according to

examples of the disclosure.

Detailed Description

[0015] In the following description of examples, reference is made to the

accompanying drawings in which it is shown by way of illustration specific examples

that can be practiced. It is to be understood that other examples can be used and

structural changes can be made without departing from the scope of the various

examples.

[0016] Various techniques and process flow steps will be described in detail with

reference to examples as illustrated in the accompanying drawings. In the following

description, numerous specific details are set forth in order to provide a thorough

understanding of one or more aspects and/or features described or referenced herein. It

will be apparent, however, to one skilled in the art, that one or more aspects and/or

features described or referenced herein may be practiced without some or all of these

specific details. In other instances, well-known process steps and/or structures have not



been described in detail in order to not obscure some of the aspects and/or features

described or referenced herein.

[0017] Further, although process steps or method steps can be described in a

sequential order, such processes and methods can be configured to work in any suitable

order. In other words, any sequence or order of steps that can be described in the

disclosure does not, in and of itself, indicate a requirement that the steps be performed in

that order. Further, some steps may be performed simultaneously despite being described

or implied as occurring non-simultaneously (e.g., because one-step is described after the

other step). Moreover, the illustration of a process by its depiction in a drawing does not

imply that the illustrated process is exclusive of other variations and modification thereto,

does not imply that the illustrated process or any of its steps are necessary to one or more

of the examples, and does not imply that the illustrated process is preferred.

[0018] Virtual reality (VR) technology can be used for many applications such as

military training, educational learning, and video games. VR technology can use one or

more electronic devices to simulate a virtual environment and the user's physical

presence in that virtual environment. One type of VR technology is augmented reality

(AR) technology, where the user's real environment can be supplemented with computer-

generated objects or content. Another type of VR technology s mixed reality (MR)

technology, where the user's real environment and the virtual environment can be

blended together.

[0019] VR/AR/MR technology can be simulated using one or more electronic

devices. One electronic device can be a VR headset, where the user can use the VR

headset to see the simulated virtual environment. As the user moves his or her head to

look around, a display included in the headset can update to reflect the user's head

movement. Another electronic device can include one or more cameras. The one or

more cameras can be used to capture the user's real environment in AR technology

and/or can be used for positional tracking. Yet another electronic device can include VR

gloves. VR gloves can be worn over the user's hands and can allow the user to touch,

feel, and hold virtual objects in real-time. The VR gloves can also be used to interact

with virtual surfaces, communicate inputs using gestures, display expressive emotions in



interactions with other (e.g., virtual) participants, and the like. VR gloves capable of

accurately detecting the positions and motions of the user's hands and fingers without

occlusion may be desired. The VR gloves can also be used to interact with objects in the

real environment, though those objects may be modified when displayed in the VR

headset, for example.

[0020] This disclosure relates to a VR glove capable of measuring the movement of

individual finger and thumb bones. The VR glove can include a plurality of IMUs to

track the movement of one or more finger and/or hand sections. An MU can be located

proximate to a finger (or thumb) bone and can measure the inertia! motion of the

corresponding bone. In some examples, the VR glove may include magnetometers to

determine the direction of the geo-magnetic field. The VR glove can also include one or

more other electronic components, such as a plurality of electrodes for sensing the

heading, enabling capacitive touch, and/or contact sensing between finger tips. The VR

glove can also include force sensors, actuators for haptic feedback, temperature sensors,

and heaters. The VR glove can further include logic such as an on-board controller, a

connector, a transceiver, a battery, and the like. One or more buses can be used to carry-

signals between the electronic components to, e.g., the on-hand (also referred to as "on-

glove") controller. The VR glove can be a fabric glove where one or more (e.g., all)

electronics components can be knitted or woven into the glove. In some examples, the

fabric can be stitched together using conductive threads. Examples of the disclosure can

further include detecting movement of the glove without using magnetometers by-

comparing the motion detected by the IMUs with local frame(s). Heading initialization

can include rotation optimizers, and heading correction can include detecting

irregularities (e.g., collision, rotations, etc.) of the nodes associated with the IMUs.

[0021] Representative applications of methods and apparatus according to the present

disclosure are described in this section. These examples are being provided solely to add

context and aid in the understanding of the described examples. It will thus be apparent

to one skilled in the art that the described examples may be practiced without some or all

of the specific details. In other instances, well-known process steps have been described

in detail in order to avoid unnecessarily obscuring the described examples. Other



applications are possible, such that the following examples should not be taken as

limiting.

[0022] An exemplary VR system can include a VR headset, a host device, and VR

gloves. The VR headset and the VR gloves can be attached to a user. The VR headset

can be positioned such that at least its display is positioned in front of the eyes of the

user. The VR headset can be configured to display the simulated virtual environment to

the user. As the user moves his or her head to look around, a display included in the VR

headset can update to reflect the user's head movement. For example, if the user moves

his or her head down, the display can show the ground to the user. The host device can

include an electronic device such as a personal computer, a mobile telephone, and/or a

wearable device. The hos device can communicate with one or more components

included in the VR system. For example, the host device can store one or more

environments (e.g., the room of the simulated environment that the user is located in) and

can transmit the information about the environment to the VR headset.

[0023] The VR gloves can be worn over the hands of the user and can track the

motion (e.g., positions and velocities) of the user's hands and fingers. In some instances,

the VR gloves can allow the user to touch, feel, and hold virtual objects in real-time. In

some examples, one or more functions and features of the VR gloves can allow the user

to interact with the simulated virtual environment in the absence of cameras and with

reduced occlusion. The VR gloves can also communicate with one or more other

components (e.g., the host device) in the system. For example, the host device can store

one or more properties of control objects (e.g., a coffee mug) and can transmit

information (e.g., the shape, location, feel, etc.) about the control object to the VR gloves.

[0024] FIG. 1 illustrates an exemplary model of a human hand according to examples

of the disclosure. The human hand 3 1 can have 27 degrees of freedom. Each of the

four fingers 0 1 can have four degrees of freedom due to joints located between the distal

bone 03A, the middle bone 103B, and the proximal bone 103C that can allow for

flexion or extension. Each of the four fingers 101 also has a joint associated with the

metacarpal bone 103D that can allow for abduction or adduction. The thumb 105 can

have five degrees of freedom due to a joint located between the distal bone 07A and the



proximal bone 107C that can allow for flexion or extension. A joint located between the

proximal bone 107C and the metacarpal bone 107D on the thumb 105 can allow for

flexion (or extension) and abduction (or adduction). Additionally, a joint located

between the metacarpal bone 107D on the thumb 105 and the carpal bones 107E can

allow for flexion (or extension) and abduction (or adduction). Furthermore, the wrist 109

can have six degrees of freedom, where the user's wrist movement can include flexion or

extension, abduction or adduction, and supination or pronation. A VR glove capable of

tracking the hand's multiple degrees of freedom may be desirable.

2 Overview of the VR glove

ΘΘ26] FIG. 2 illustrates a back view of an exemplary VR glove according to

examples of the disclosure. The VR glove 230 can be worn over the user's hand such

that one or more sections of the controller 223 can be located proximate to the back of the

user's hand. Tha is, the back view of FIG. 2 can be a view of the user's dorsal side of his

or her hand . In some instances, one or more sections of the controller can be located

proximate to the user's palm. The VR glove 230 can include a plurality of electronic

components, where some or all of the electronic components can be knitted or woven into

the material of the VR glove 230. The electronic components can include one or more of

a plurality of inertia! measurement units (IMUs) 202, a plurality o f ree sensors 206, a

plurality of haptic units (not shown), a plurality of reset electrodes 2 4, a controller 223,

a plurality of buses 222, one or more LEDs 226, a battery 234, and a transceiver 238.

Although the figure illustrates electronic components located proximate to the back of the

user's hand, examples of the disclosure can include one or more components (e.g., the

battery 234) located proximate to the user's wrist or other locations. For example, the

battery 234 can be mounted on top of an enclosure on top of the controller 223 (not

shown).

[0027] The IMUs 202 can be configured to measure the acceleration and the

rotational rate of the user's bone in order to capture the motion of the user's hand and/or

fingers. The plurality of force sensors 206 can be configured to measure the force

applied to the user's fingers. The plurality of haptic units (not shown) can be configured

to recreate the sense of touch by way of simulating vibrations and/or force. The plurality

n



of reset electrodes 214 can be used in conjunction with a reset and/or calibration

procedure to sense the heading (discussed below), to enable capacitive touch, and/or to

provide contact data between the fingers. The controller 223 can include logic

configured to communicate with the electronic components via the plurality of buses 222.

The LED(s) 226 can be configured to provide optical feedback to the user. The battery

234 can be configured to provide power to the electronic components. The transceiver

238 can be configured to communicate with an external device (e.g., the VR headset

and/or the host device).

[0028] Although not illustrated in the figure, examples of the disclosure can include

one or more temperature sensors to determine the temperature of the environment and/or

the temperature of the user. In some examples, one or more MUs can include a

temperature sensor. Examples of the disclosure can further include one or more heaters

to simulate temperature (e.g., the user grabbing a hot coffee mug). In some examples, the

VR glove 230 can include one or more electrodes (not shown) located at the fingertips.

These electrodes can be used for touch input with a touch sensitive (e.g., capacitive)

device.

[0029] The VR glove 230 can be capable of fine-level motion capture. That is, the

VR glove 230 can be capable of discerning between the movement of an entire finger

(e.g., the user waiving his or her index finger) and the movement of a finger joint (e.g.,

the user bending the index finger), for example. Although not show in the figure, the

other side (e.g., palmar side) of the VR glove 230 can include one or more electronic

components (e.g., IMUs, haptics, force sensors, and the like). The features and

functionalities of the electronic components included in the VR glove 230 will be

discussed in detail below.

[0030] FIG. 3 illustrates a block diagram of an exemplary VR glove according to

examples of the disclosure. The VR glove 330 can include a plurality of finger sections

301 and a hand section 3 1. The finger sections 301 can be located proximate to one or

more of the user's fingers (e.g., fingers 101 illustrated in FIG. T) such as the index finger,

middle finger, ring finger, and pinky finger. The thumb section 305 can be located

proximate to the user's thumb (e.g., thumb 105 illustrated in FIG. 1).



[0031] Motion capture

[0032] The VR glove 330 can include a plurality of IMUs (e.g., M J s 302 illustrated

in FIG. 3) to track the movement of one or more finger and/or hand sections. One or

more (e.g., each) finger sections 301 can include a plurality of IMUs 302. An IMU 302

can be located proximate to a finger bone (e.g., distal bone 103A illustrated in FIG. 1). In

some examples, one or more (e.g., each) IMUs 302 can be coupled to a microcontroller

unit (MCU) 304. The IMU 302 can measure inertial motion (e.g., acceleration and

rotational rate) of the corresponding finger or thumb bone and can communicate the

information to the MCU 304. The MCU 304 can process the information and/or

communicate the information to a controller 323. In some examples, each IMU 302 can

be coupled to a unique MCU 304. In some examples, multiple IMUs 302 can be coupled

to a single MCU 304. As shown in the figure, examples of the disclosure can include one

IMU 302 and one MCU 304 configured to measure the inertial motion of one finger bone

(e.g., the proximal bone 103C illustrated in FIG. 1). In some examples, each finger

section 301 can include three IMUs 302 (and/or three MCUs 304). In some examples,

two or more (e.g., less than all) fmger sections 301 can each include three IMUs 302.

Additionally, the thumb section 305 can include three IMUs 302 (and/or two MCUs 304)

for its three bones (e.g., the distal bone 0 A, the proximal bone 07C, and metacarpal

bo e illustrated in FIG. 1). Additionally, one or more IMUs can be located proximate to

the user's palm (e.g., metacarpal bone 107D illustrated in FIG. 1). In some instances, the

finger sections 301 and the thumb section 305 can include a total of 6 or more IMUs

302.

[0033] In this manner, an IMU 302 can be located proximate to a unique finger bone

and can measure the motion of that specific finger bone. In some examples, the IMU 302

can include one or more multi-axes acceleration motion sensors (e.g., an accelerometer)

configured to detect acceleration in three directions. For example, the IMU 302 can be a

3-axis IMU that can detect the z-axis direction movements, the y-axis direction

movements, and the x-axis direction movements. In some examples, the IMU 302 can

include one or more sensors (e.g., a 3-axis gyroscope) to detect rotational movement for a

total of 6 axes.



[0034] Each MU 302 can generate a signal indicative of the measured acceleration

and rotational movement of the respective finger bone and can transmit that signal to a

controller such as the controller 323 via one or more signal lines or buses 322. In some

examples, a bus 322 can be associated (e.g., dedicated) to a specific finger section 301 or

a thumb section 305. The controller 323 can process the signals from the respective bus

322 individually to track the motion of a specific finger bone and/or can process two or

more signals collectively to track the motion of the finger joint(s). The movement of a

given finger can be determined based on differences in information between the given

finger and another finger, for example.

ΘΘ35] The IMUs 302 can determine the acceleration and rotational movement using

only accelerometers and gyroscopes to determine the pitch, roll, and yaw of the

associated finger part. In some examples, the IMUs may include magnetometers. The

methods for determining the locations and motions of the hand and fingers are discussed

below.

[0036] Heading correction

ΘΘ37] The VR glove 330 can include a plurality of reset electrodes 314 configured

for correcting the computed finger heading. As discussed above, examples of the

disclosure can include IMUs that may not include a magnetometer (e.g., due to its

disadvantages such as losing direction when proximate to a magnet). In some examples,

an IMU 302 can include an accelerometer. The accelerometer can be used to measure the

roll and pitch (i.e., tilt) of the IMU 302 under conditions where mertial acceleration can

be insignificant. Without a magnetometer, the IMU cannot correct the heading (yaw) due

the lack of a reference signal perpendicular to gravity.

[0038] Examples of the disclosure can include using the reset electrodes 314 for

correcting heading drift. The reset electrodes 3 4 can be located along one or more sides

of a finger section 301 or a thumb section 305. The reset electrodes 314 can be located

such that adjacent reset eiectrodes 3 4 can make electrical contact, and a signal indicative

of the electrical contact can be generated. For example, a reset electrode 314 can be

located on the lateral sides along the middle bones (e.g., middle bone 03B illustrated in

FIG. 1) and the proximal bones (e.g., proximal bone 103C illustrated in FIG. 1) of the



finger sections 301. In some examples, at least three of the four finger sections 30 can

include reset electrode 314A and reset electrode 314B each located on opposite sides of

the respective finger. In some examples, the pinky finger section 301 may only include

one reset electrode 314B located on the side of the pinky finger section 301 closer to the

ring finger section 301. In some examples, the thumb section 305 may only include one

reset electrode 314A located on the side of the thumb section 305 located closer to a

finger section 301 (e.g., the index finger section 301).

ΘΘ39] In some examples, adjacent reset electrodes 314 may electrically contact, but

the heading should not be updated (e.g., corrected). For example, the user's fingers may

be crossed. As another example, the user's finger may be flexed (e.g., index finger may

be bent at a 45-90°) with respect to an adjacent finger (e.g., the middle finger). To

prevent the electrical contact from causing the heading correction procedure to be

executed, the system can determine the orientation of the fingers. Based on the

orientation, the system may or may not proceed with the heading update.

[0040] In some examples, the reset electrode 31 can be a conductive patch. One

electrode can be connected to ground, and another electrode can be coupled to a MCU

304. The reset electrode 3 4 can send a signal to a MCU 304, where the signal (e.g., a 1-

bit signal) can be indicative of the electrode state. In some examples, a MCU 304 can

send a packet of information to the controller 323, where the packet can include the

electrode signal. In some examples, the reset electrodes 314 can be used for resetting the

heading (discussed below).

[0041] Force sensing

[0042] The VR glove can also include one or more force sensors 306. The force

sensors 306 can be located at the fingertips of the VR glove 330, for example. A force

sensor 306 can be configured to measure the amount of force applied to the surface of the

sensor and can generate a signal indicative of the measured amount of force. A force

sensor 306 can be coupled to a MCU 304. The MCU 304 can process the information

and/or communicate the information to a controller 323. In some examples, each force

sensor 306 can be coupled to a unique MCU 304. In some examples, multiple force

sensors 306 can be coupled to a single MCU 304. As shown in the figure, examples of



the disclosure can include one force sensor 306 and one MCU 304 configured to measure

the amount of applied force for one finger (e.g., an index finger). In some examples,

each finger can have a force sensor 306, and the VR glove 330 can include five force

sensors 306. Although not illustrated in the figure, the VR glove 330 can include other

force sensors 306. For example, one or more force sensors 306 can be located proximate

to the user's palm (e.g., in the hand section 311). The force sensors 306 can be used to

detect interactions between the user's finger and the real environment (e.g., the user picks

up a coffee mug from the table).

[0043] In some examples, the force sensor can be a resistive force sensor. The

resistive force sensor can include, for example, a bendable member (e.g., a strain gauge

structure). A circuit can be placed on the bendable member and can detect changes in

resistance when the member bends in response to the applied force. The amount of

change in resistance can be indicative of the amount of force applied to the force sensor.

[0044] In some examples, the force sensor can be a piezoelectric force sensor. The

piezoelectric force sensor can include a piezoelectric material that can generate a voltage

in proportion to the amount of compression on the piezoelectric material due to the

amount of force applied to the force sensor.

[0045] In some examples, the force sensor can be a capacitive force sensor. The

capacitive force sensor can include a plurality of electrodes, where the distance between

the electrodes can be affected by the applied force. The change in capacitance across the

electrodes can be related to the distance between the electrodes. Thus, the amount of

change in capacitance can be indicative of the amount o f ree applied to the force

sensor.

[0046] In some examples, the capacitive force sensing can include a plurality of

deformable electrodes where the applied force can affect the shape of the electrodes. A

change in capacitance across the electrodes may be related to the shape of the electrodes,

and the amount of change in capacitance can be indicative of the amount of force applied

to the force sensor.

[0047] Haptic feedback



[0048] The VR glove 330 can also include haptic feedback to produce movement in a

section of the glove (e.g., a section near the fingertips) in response to certain actions.

One or more drive signals can be applied to an actuator 308 located at a fingertip, and the

actuator 308 can impart motion to the fingertip. For example, in MR/AR applications,

the force sensors can respond to real surfaces that may have virtual objects (e.g., buttons

or keys) that when pressed can invoke a signal that can trigger a haptic event. The

motion from the actuator 308 can be used to simulate texture or click feedback when the

user's fingers are touching virtual objects, for example.

[0049] In some examples, the actuator can include a solenoid having a barrel that can

include wraps of wire. A current can be applied to the wire to create a magnetic field that

can draw a magnetic plunger into the interior of the barrel. The current flow to the wire

can be modulated to control the movement of the plunger, thereby imparting motion.

[0050] In some examples, the actuator can include a linear motor, a rotator motor, or

another electromagnetic actuator structure. In some examples, the actuator can be formed

from piezoelectric materials and other structures that can be capable of producing

movement in response to an applied electrical signal.

[0051] In some examples, one or more actuators can be located proximate to the wrist

section of the VR glove 330. The system can drive the actuator in response to one or

more actions (e.g., the lights in the simulated environment go dark) associated with an

object.

[0052] Controller

ΘΘ53] The hand section 311 can include a controller 323 (e.g., an on-board

controller). The controller 323 can include one or more circuits such as a microcontroller

and/or a bus controller 323. The hand controller 332 can one or more components

including, but not limited to, a memory 325, a connector 327, and a transceiver 338. The

memory 325 can be used for reading and/or writing information. For example, the hand

reference and/or fingers reference can be stored in memory 325 (discussed below). As

another example, one or more computer readable storage programs can be stored in

memory 325. The connector 327 can be used to connect the VR glove 330 to one or

more components (e.g., VR headset) for wired communications, for example. As another



example, the connector 32/ can be used to connect the VR glove 330 to a power supply

to charge the onboard battery (e.g., battery 234 illustrated in FIG. 2).

[0054] The controller 323 can receive signals from the components and can process

the information via the transceiver 338. In some examples, the controller 323 can send

the signals (e.g., collectively) to a host device (e.g., the host device). In some examples,

the controller 323 can be located entirely or partially on another portion of the VR glove

330. For example, the controller 323 can be located above the metacarpal bones on the

dorsal side of the user's hand. When located on a curved surface (e.g., the dorsal side of

the user's hand), the controller 323 can include a plurality of rigid sections separated by

flexible sections such that the controller 323 can conform to the user's hand.

[0055] Although not shown in the figures, the VR glove 330 can include one or more

accelerometers. The one or more accelerometers and/or gyrometers can be used to

correct orientation when the user hands are not moving, for example. For example, an

accelerometer can be used to correct any drift in roll and/or pitch (i.e., tilt) when the

accelerometer is measuring gravity and not inertial acceleration.

ΘΘ56] Knitted material

[0057] The VR glove 330 can be a knitted or woven glove where one or more (e.g.,

all) electronics components can be integrated into the fabric of the glove. In some

examples, glove can include a fabric with multiple sections having a different number of

layers. For example, sections can comprise a single layer where an electronic component

may not exist. Where an electronic component (e.g., an MU) exists, the fabric can be a

two-layer fabric with a pocket that secures the electronic component between the layers.

Electronic components can be respectively positioned. For example, IMUs can be

located proximate to the center of a finger bone. Electronic components that can be

woven into the fabric of the glove can include, but are not limited to, the IMUs, the

electrodes, and the controller. In some examples, the fabric can be stitched together

using conductive threads. As another example, a conductive thread, yard, or braid can be

knit simultaneously with other non-conductive threads to produce the VR glove. For

example, the busses 322 can be formed from conductive threads that are included at least

as part of the overall knit structure. As another example, the conductive threads can



electrically couple one or more components together and/or can be used for routing

signals. In some instances, the buses 322 can include conductive threads.

[0058] Operation of the VR glove

[0059] FIG. 4A illustrates an exemplary process for determining the locations and

motions of the hand and fingers using a VR glove according to examples of the

disclosure. The VR glove (e.g., VR glove 230 illustrated in FIG. 2) and/or one or more

other components (e.g., a host device and/or a VR headset) included in the system may

establish communication with one or more other components included in the system (step

402 of process 400). Establishing communication between components in the system can

include utilizing one or more transceivers (e.g., transceiver 238 illustrated in FIG. 2,

transceiver 338 illustrated in FIG. 3, etc.). The transceivers can communicate wirelessly

using protocols such as Bluetooth or Wi-Fi. In some instances, the VR glove can

establish a pairing using a wireless communication technology with a host device or the

other VR glove. While the devices are paired, the host device/ R glove can send

information to the VR glove, or vice versa. For example, the host device can send hand

reference information (e.g., used in step 404) to the VR glove. In some examples, the

glove can utilize an electrical connector (e.g., connector 327 illustrated in FIG. 3) to

provide a wired connection to another component (e.g., using suitable cables).

[0060] A hand reference 490 can be provided by retrieving or determining the hand

reference (step 404 of process 400). An exemplary hand reference is illustrated in FIG.

4B. In some examples, the hand reference 490 can be retrieved from a library file (e.g., a

file located in the memory 325 illustrated in FIG. 3).

[0061] In some examples, the hand reference 490 can be generated based on one or

more measurements and/or images. For example, the host device can include an

application, which can allow the user to place his or her hand on the screen of the host

device (alternatively, the host device can take or receive a digital image). The application

can take an image of the user's hand and can automatically determine one or more

measurements (e.g., the length of one or more finger bones, distance between fingers

when the user's fingers are spread out, etc.). One or more optimization and/or calibration

steps can be performed to refine the measurements. Additionally, examples of the



disclosure can include determining (e.g., including recording) the range of motion for the

user's hand. The range of motion can be used to limit the angles of movement of the

user's fingers and/or joints.

[0062] The system can perform one or more steps for hand initialization. The

initialization can include determining the location and/or position of the user's hand. For

example, the host device can provide instructions to the user to place his or her hand in a

certain position (e.g., the palm touching a tabletop that is perpendicular to the direction of

gravity). The user can place his or her hand in the specified position, the VR glove can

take measurement(s) (e.g., using the IMUs) of the user's hand in that specified position,

and the VR glove can set the hand reference based on the measurements. In some

examples, taking measurements can include using one or more cameras (not shown)

and/or one or more optical sensors (not shown) to determine the location and/or position

of the user's hand. The camera(s) and/or optical sensor(s) may take measurements

without a host device (or the one or more other components such as the glove) providing

instructions.

[0063] The system can perform initialization of the fi ngers in some examples, the

host device can also provide instructions to the user to place his or her fingers in a certain

position (e.g., the fingers also touching the tabletop that is perpendicular to the direction

of gravity). The user can place his or her fingers in the specified position(s), the VR

glove can take measurements) (e.g., using the IMUs, cameras, optical sensors, etc.), and

the VR glove can set the hand reference including fingers reference information based on

the measurements. In some examples, taking measurements to determine the fingers

reference can occur simultaneously as the measurements for determining the hand

reference (e.g., step 406 of process 400).

[0064] Using the hand reference information, the system can perform heading

initialization (step 4 0 of process 400). The heading initialization step(s) can be a step(s)

where the initial heading is measured and determined. In the absence of using

magnetometers for the IMUs, the system may rely on other components for heading

initialization and correction. The methods for heading initialization and correction are

discussed below. The heading initialization steps can include determining the heading



for individual finger nodes 488 on the hand reference 490 illustrated in FIG. 4B

(discussed below).

[0065] Once the system has the hand reference information and the initial heading

information, the system may begin simulating the VR environment with the VR glove

(step 412 of process 400). The VR glove can determine when one or more fingers and/or

the user's hand has moved (step 414 of process 400). The system can use the hand

reference 490 as a reference to the one or more of the hand and (e.g., all of) the fingers.

Each finger node 488 can have a local frame 492, as shown in FIG. 4C. Between finger

nodes 488 can be a plane 489, which can be representative of a plane passing through the

user's joint (e.g., at half the angle between the finger/thumb bones). The local frame 492

of a given node 488 can represent the current location and position of the IMU. The

system can detect a change in the local frame (e.g., determined by a change in the signal

of an IMU) of a given IMU (e.g., IMU 302 illustrated in FIG. 3) (step 416 of process

400). A controller (e.g., controller 323 illustrated in FIG. 3) can receive one or more

signals, which can be indicative of the local frame 492, from the respective IMU (step

4 8 of process 400). The controller can compare the received signal information to the

local frame of the respective IMU (step 420 of process 400). The controller can use the

differences between the local frame and the hand reference to determine the movement of

the IMU (step 422 of process 400). The movement of an IMU can reflect the movement

of the finger bone and/or hand bone to which the IMU s located proximate to.

[0066] In some examples, the controller can receive signal information from MUs

associated with a motion and IMUs not associated with a motion. The controller can

process all of the information to determine which IMUs are associated with the motion.

In other examples, the controller may only receive signal information from IMUs

associated with a motion. In some examples, the controller may periodically (e.g., at pre

determined time intervals) measure the signal information from one or more (e.g., all)

IMUs. The signal information that the controller receives may include an indication that

the IMU s associated with movement and may also include information of the

acceleration, rotational rate, and direction of the movement. For example, as shown in

FIG. 4C, the signal information can include information pertaining to the current position

and/or change in the x-axis 494, y-axis 496, and/or z-axis 498 of a given local frame 492.



[0067] The VR glove can determine whether one or more fingers and/or other parts

of the glove (e.g., the hand section 3 1 illustrated in FIG. 3) experiences input such as

force input (step 424 of process 400). One or more force sensors (e.g., force sensors 206

illustrated in FIG. 2) can measure the amount of force applied to the surface of the sensor

(as discussed earlier) (e.g., the user's fingers are touching a virtual object). In some

examples, the force sensors can send one or more signals indicating that a force input was

received to the controller. The one or more signals can include information about the

force such as the amount of force. In some examples, the controller can periodically

(e.g., at pre-determined time intervals) measure the signal information from one or more

(e.g., all) force sensors. In some instances, the controller may receive signal information

from all force sensors and may process information associated with a force sensor

associated with force input.

[0068] Additionally, the system can determine whether to provide haptic feedback

via one or more actuators (step 426 of process 400). One or more actuators (e.g., actuator

308 illustrated in FIG. 3) can impart motion to a section (e.g., a fingertip) of the glove.

The controller can send one or more signals to an actuator (and/or the MCU that the

actuator is coupled to) to produce the movement. I some examples, the controller can

send the signals to the actuator in response to detected force input (e.g., step 424 of

process 400).

[0069] The controller (e.g., controller 323 illustrated in FIG. 4 and/or a controller

located on a VR headset) can transmit and/or receive information associated with the

motions of steps 414 426 and can update the simulated environment (step 428 of

process 400). In some examples, one or more other components (e.g., cameras, optical

sensors, the reset electrodes 214 illustrated in FIG. 2) can be provide the same and/or

additional information related to one or more the user's hand movement, location, and

position. As discussed below, during or between one or more of the steps illustrated in

FIG. 4, the system can undergo steps for heading correction.

[0070] Heading initialization

[0071 Without a magnetometer, the initial headings of each IMU may be determined

using other methods and components. One or more steps can be performed for heading



initialization (e.g., step 410 of process 400 illustrated in FIG. 4). For example, the VR

glove can use an x-rotation optimizer and/or a y-rotation optimizer.

[0072] FIG. 5 illustrates an exemplary process for determining the initial heading

using a rotation optimizer according to examples of the disclosure. Process 500 can

begin with the host device providing instructions to the user to position his or her hand in

a certain position (step 502). For example, the instructions can ask the user to position

his or her hand such that the palm can be perpendicular to gravity (e.g., the user's palm

can be facing the screen of the host device), referred to as an x-optimizer. The user can

place his or her hand in the specified position (step 504 of process 500). The instructions

can ask the user to perform a certain type of movement (step 506 of process 500). For

example, the instructions can ask the user to rotate his or her hand about the x-axis (e.g.,

waving goodbye). The system can receive information from one or more components

included in the VR glove to measure the user's motion (e.g., using one or more EV U s

such as IMU 302 illustrated in FIG. 3) (step 508 of process 500). The system can use the

measured motion information to determine the initial heading information (step 5 0 of

process 500).

[0073] In some examples, the VR glove can use a y-rotation optimizer to determine

the initial heading information. With the y-rotation optimizer, the instructions can ask

the user to position his or her ha d in a certain position (e.g., step 502). For example, the

instructions can ask the user to place his or her palm on a tabletop perpendicular to the

direction gravity with his or her fingers touching each other. The user can place his or

her hand in the specified position (e.g., step 504). The instructions can ask the user to

perform a certain type of movement (e.g., step 506). For example, the instructions can

ask the user to rotate his or her hand about the y-axis such as rotating the hand 90 degrees

to place the local frame x-axis parallel to the direction of gravity (e.g., with the thumb

finger pointing up). One or more accelerometers can be used to determine the initial

heading.

[0074] Heading correction

[0075] Without a reliable heading reference, the headings of each computed finger

position may drift independently of each other, leading to inaccuracies in determining the



movement, location, and position (e.g., steps 414-422 illustrated in FIG. 4). The system

can correct the drift in order to reduce or prevent such inaccuracies. Since the drift in

each finger may be independent, the fingers can either drift towards each other or away

from each other. If two adjacent fingers drift in opposite directions, they may eventually

collide. One way to correct this drift can be by detecting the collision of the rendered

fingers. FIG. 6A illustrates an exemplary collision of two computed fingers positions

according to examples of the disclosure. The process can begin by determining whether

two or more fingers have collided into each other in the simulated space. As discussed

above, the heading orientation of the finger nodes 608 can be determined during the

heading initialization step(s) (e.g., step 410 of process 400 illustrated in FIG. 4). For

example, the user's fingers may be splayed apart in real space, but the system may

incorrectly determine that the user's fingers are touching or crossing over each other in

the simulated space, as shown. For example, the fingers in the simulated space may be

colliding (not shown) and/or one or more finger nodes, such as finger node 688A and the

finger node 688B, in the hand frame 692 (in the simulated space) may be colliding. The

drift can be corrected by (e.g., using a host device) moving the heading of one or more

nodes 688 to move apart until they are no longer colliding in the simulated space.

[0076] Additionally or alternatively, the heading of one or more nodes, such as the

finger node 688C, can be rotated away from the heading of another node, such as the

finger node 688D, located on the same finger, as illustrated in FIG. 6B. In some

examples, the system can determine whether the heading for a finger has drifted n the

simulated space by comparing the heading of the node 688 associated with a proximal

bone (e.g., proximal bone 103C illustrated in FIG. 1). Correcting the heading of a finger

can include modifying the heading of the node 688 associated with a proximal bone in

the simulated space. The system can determine whether the heading for a finger node has

drifted by comparing the heading of the node 688 associated with the middle bone (e.g.,

middle bone 03B illustrated in FIG. 1) and the distal bone (e.g., distal bone 103A

illustrated in FIG. 1) to the heading of the node 688 associated with the proximal bone.

Correcting the heading of the nodes 688 associated with the middle bone or the distal

bone can include corrections with respect to the heading of the node 688 associated with

the proximal bone. That is, for a given finger, the nodes of the proximal bone, middle



bone, and distal bone in the simulated space should be aligned when the user's finger is

extended in real space.

[0077] Another way to correct the drift can be by using the heading reset electrodes

(e.g., reset electrodes 2 4 illustrated in FIG. 2). When adjacent fingers touch in real

space, the electrodes can electrically couple together. If adjacent fingers are touching in

real space, but the system incorrectly determines that the user's fingers are splayed apart

(or vice versa) in the simulated space, then the system can execute one or more heading

correction steps. For the touching fingers in real space, the system can determine the

average of the headings of the touching fingers and set the headings of the fingers in the

simulated space equal to the determined average.

[0078] In some examples, one or more other components (e.g., rotation sensor,

camera, optical sensors, etc.) can be used, additionally or alternatively, to initiate the drift

correction process and/or for correcting the drift. For example, a camera can determine

which fingers the system should correct the drift for based on the position of the fingers

in real space. The camera (e.g., included in a VR headset) could take images of the

user's fingers and can check whether the orientation of the fingers in the images differ

from the system's simulation. Additionally or alternatively, the camera can be used to

track the position(s) of the user's hand(s).

[0079] A glove included in a virtual realty system and configured to be worn over a

hand of a user, the glove comprising: one or more electronic components including: a

plurality of mertial motion units (IMUs), each IMU located proximate to a hand or finger

bone and configured to generate a signal indicative of a motion of the hand or finger

bone, wherein the plurality of IMUs are configured to measure an acceleration and a

rotational rate of one or more of the hand and fingers of the user; and logic configured to:

determine one or more movements of a joint of the user using the signals, and determine

one or more movements of a finger of the user. Additionally or alternatively, in some

examples, the glove excludes a magnetometer. Additionally or alternatively, in some

examples, at least two of the plurality of IMUs is located proximate to the finger bones

belonging to the same hand or finger, the glove further comprising: one or more buses

including at least one bus configured to receive the signals from the at least two of the



plurality of IMUs, wherein the determination of the one or more movements of the finger

of the user includes using the received signals. Additionally or alternatively, in some

examples, each of the one or more buses is associated with a separate finger, and wherein

the determination of the one or more movements of the finger of the user includes

receiving separate signals from each of the one or more buses. Additionally or

alternatively, in some examples, the glove further comprises a plurality of finger sections

and a thumb section; and a plurality of electrodes, each electrode located on a side of a

finger section or a thumb section, wherein the logic is further configured to: generate a

second signal when two of the plurality of electrodes makes electrical contact.

Additionally or alternatively, in some examples, one finger section includes only one

electrode, and the thumb section includes only one electrode. Additionally or

alternatively, in some examples, the glove further comprises; a plurality of finger sections

and a thumb section; and one or more force sensors configured to determine whether a

force is applied and located proximate to tips of at least one of the plurality of finger

sections, the thumb section, or both. Additionally or alternatively, in some examples, the

glove further comprises; a plurality of finger sections and a thumb section; and a plurality

of actuators configured to vibrate tips of at least one of the plurality of finger sections, the

thumb section, or both. Additionally or alternativeiy, in some examples, the glove further

comprises: knitted material including at least one of the one or more electronic

components. Additionally or alternativeiy, in some examples, the knitted material

includes: one or more first sections including a plurality of layers surrounding the at least

one of the one or more electronic components, and one or more second sections including

a single layer. Additionally or alternatively, in some examples, the glove further

comprises: one or more conductive threads configured as knitted threads within the

knitted material. Additionally or alternatively, in some examples, the glove further

comprises: a plurality of microcontroller units (MCUs), wherein each IMU is coupled to

a unique MCU. Additionally or alternatively, in some examples, a number of the

plurality of IMUs is greater than or equal to 16. Additionally or alternatively, in some

examples, the logic is included in an on-board controller.

[0080] A method for operating a virtual reality system is disclosed. The method can

comprise: establishing a communication with one or more devices, the one or more



devices including a glove; retrieving or determining a hand reference, wherein the hand

reference includes a plurality of finger frames, each finger frame indicative of a position

of a node; and one or more of: detecting a movement of each of a plurality of IMUs based

one or more signals indicative of an acceleration and a rotation of the respective MB ,

and determining whether one or more finger sections, a thumb section, or both experience

an applied force. Additionally or alternatively, in some examples, the detection of the

movement of each of the plurality of IMUs includes: comparing the one or more signals

to at least one finger frame. Additionally or alternatively, in some examples, the

determination of a hand reference includes initializing a heading comprising: providing a

first instruction to a user to position a hand of the user along a given axis relative to

gravity; and providing a second instruction to the user to move the hand about the given

axis. Additionally or alternatively, in some examples, the method further comprises:

correcting a drift in a heading by detection a collision of at least two of the nodes.

Additionally or alternatively, in some examples, the method further comprises: correcting

a drift in a heading by detecting a difference in rotations of at least two of the nodes,

wherein the at least two of the nodes are associated with the same finger or thumb

section. Additionally or alternatively, in some examples, the method further comprises:

receiving a second signal indicative of two electrodes making electrical contact; and

correcting a drift in a heading when the second signal s received. Additionally or

alternatively, in some examples, the method further comprises: providing a vibration to at

least a portion of the determined one or more finger sections, the thumb section, or both.

[0081] Although the disclosed examples have been fully described with reference to

the accompanying drawings, it is to be noted that various changes and modifications will

become apparent to those skilled in the art. Such changes and modifications are to be

understood as being included within the scope of the disclosed examples as defined by

the appended claims.



CLAIMS

1. A glove included in a virtual realty system and configured to be worn over

a hand of a user, the glove comprising:

one or more electronic components including:

a plurality of inertial motion units (IMUs), each MU located proximate to a hand

or finger bone and configured to generate a signal indicative of a motion of the hand or

finger bone,

wherein the plurality of IMUs is configured to measure an acceleration and a

rotational rate of one or more of the hand and fingers of the user; and

logic configured to:

determine one or more movements of a joint of the user using the

signals, and

determine one or more movements of a finger of the user using at

the signals from at least two of the plurality of IMUs associated with the

finger.

2 The glove of claim , wherein the glove excludes a magnetometer

3 . The glove of claim 1, further comprising:

one or more buses comprising:

a first bus including the signals from the at least two of the

plurality of IMUs, and

a second bus including signals from other IMUs associated with a

separate finger,

wherein the determination of the one or more movements of the finger of the user

includes using differences in information between the signals of the first bus and the

signals of the second bus.

4 . The glove of claim 1, further comprising:

a plurality of finger sections and a thumb section; and



a plurality of electrodes, each electrode located on a side of a finger section or a

thumb section,

wherein the logic is further configured to:

generate a second signal when two of the plurality of electrodes

makes electrical contact.

5 . The glove of claim 4, wherein one finger section includes only one

electrode, and the thumb section includes only one electrode.

6 . The glove of claim 1, further comprising:

a plurality of finger sections and a thumb section; and

one or more force sensors configured to determine whether a force is applied and

located proximate to tips of at least one of the plurality of finger sections, the thumb

section, or both.

7 . The glove of claim , further comprising:

a plurality of finger sections and a thumb section; and

a plurality of actuators configured to vibrate tips of at least o e of the plurality of

finger sections, the thumb section, or both.

8 . The glove of claim 1, further comprising:

knitted material including at least one of the one or more electronic components.

9 . The glove of claim 0, wherein the knitted material includes:

one or more first sections including a plurality of layers surrounding the at least

one of the one or more electronic components, and

one or more second sections including a single layer.

10. The glove of claim 8, further comprising:

one or more conductive threads configured as knitted threads within the knitted

material.



11. The glove of claim 1, further comprising:

a plurality of microcontroller units (MCUs), wherein each M is coupled to a

unique MCU.

2 . The glove of claim 1, wherein a number of the plurality of IMUs is greater

than or equal to 16 .

3 . The glove of claim , wherein the logic is included in an on~board

controller.

14. A method for operating a virtual reality system, the method comprising:

establishing a communication with one or more devices, the one or more devices

including a glove;

retrieving or determining a hand reference, wherein the hand reference includes a

plurality of finger frames, each finger frame indicative of a position of a node; and

one or more of:

detecting a movement of each of a plurality of IMUs based one or

more signals indicative of an acceleration and a rotation of the respective

IMU, and

determining whether one or more finger sections, a thumb section,

or both experience an applied force.

5 . The method of claim 4, wherein the detection of the movement of each of

the plurality of IMUs includes:

comparing the one or more signals to at least one finger frame.

6 . The method of claim 4, wherein the determination of a hand reference

includes initializing a heading comprising:

providing a first instruction to a user to position a hand of the user along a given

axis relative to gravity; and

providing a second instruction to the user to move the hand about the given axis.



17. The method of claim 14, further comprising:

correcting a drift in a heading by detection a collision of at least two of the nodes.

18. The method of claim 14, further comprising:

correcting a drift in a heading by detecting a difference in rotations of at least two

of the nodes, wherein the at least two of the nodes are associated with the same finger or

thumb section.

19 . The method of claim 4, further comprising:

receiving a second signal indicative of two electrodes making electrical contact;

and

correcting a drift in a heading when the second signal is received.

20. The method of claim 14, further comprising:

providing a vibration to at least a portion of the determined one or more finger

sections, the thumb section, or both

z /





















International application No

PCT/US2018/048398

A. CLASSIFICATION O F SUBJECT MATTER
INV. G06F3/Q1
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols

G06F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2016/097841 A2 (XIAO UAN [CN] ) 1 , 2
23 June 2016 (2016-06-23)
the whole document 6-10

3

US 2014/215684 Al (HARDY TIMOTHY J [US] ET
AL) 7 August 2014 (2014-08-07)
abstract
paragraph [0007]
paragraph [0013] paragraph [0017]
paragraph [0019] ; figures 1,2

US 2006/115348 Al (KRAMER JAMES F [US] )
1 June 2006 (2006-06-01)
abstract
paragraph [0021] paragraph [0024]
paragraph [0080] paragraph [0085] ;
f i gures 4a, 4b, 5a-5e

/ -

X Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other " document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

19 February 2019 28/02/2019

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Val i n , Steven



International application No

PCT/US2018/048398

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2017/212589 Al (DOMENIKOS STEVEN D [US]

ET AL) 27 July 2017 (2017-07-27)
abstract
paragraphs [0059], [0096]; figure 8

EP 3 208 687 Al (YAMAHA CORP [JP]) 8-10
23 August 2017 (2017-08-23)
abstract
paragraph [0026] - paragraph [0030] ;
figure 1
paragraph [0055] - paragraph [0061]

US 2016/338644 Al (CONNOR ROBERT A [US]) 8-10
24 November 2016 (2016-11-24)

s cc
paragraphs [0184], [0584], [0587]



International application No.
PCT/US20 18/048398INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article (2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

□ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see addi tional sheet

1. 1 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
' claims.

2 . I I As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

I I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos. :

1- 3 , 6- 10

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report i
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

IX INo protest accompanied the payment of additional search fees.
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Thi s International Searching Authori t y found mul tiple (groups of)
i nventions i n thi s international appl i cation , as fol l ows :

1. claims: 1-3

A glove i ncl uded i n a v i rtual real i t y system and configured
t o be worn over a hand of a user, the glove compri sing:one
or more electroni c components incl udi ng: a pl ural i t y of
i nertial moti on uni t s (IMUs) , each IMU located proximate t o
a hand or finger bone and configured t o generate a si gnal
i ndi cative of a motion of the hand or finger bone, wherein
the pl ural i t y of IMUs i s configured t o measure an
accel eration and a rotati onal rate of one or more of the
hand and fingers of the user; andlogi c configured
t odetermine one or more movements of a joint of the user
using the signal s, anddetermi ne one or more movements of a
finger of the user using at the signal s from at l east two of
the pl ural i t y of IMUs associated wi t h the finger.
The glove, excl uding a magnetometer.
The glove, further compri sing a f i rst bus for incl udi ng the
signal s from the at l east two IMUs, and a second bus for
i ncl uding signal s from other IMUs associated wi t h a separate
finger.

1. 1. claim: 2

The glove, excl uding a magnetometer.

1.2 . claim: 3

The glove, further compri sing a f i rst bus for incl udi ng the
signal s from the at l east two IMUs, and a second bus for
i ncl uding signal s from other IMUs associated wi t h a separate
finger.

2. claims: 4, 5

The glove, further compri sing a pl ural i t y of electrodes and
the l ogi c s further configured t o generate a second signal
when two of the pl ural i t y of electrodes makes electri cal
contact.

3. claim: 6

The glove, further compri sing: a pl ural i t y of finger
secti ons and a thumb section ; and one or more force sensors
confi gured t o determi ne whether a force i s appl ied and
l ocated proximate t o tips of the sections.

4. claim: 7

The glove, further compri sing a pl ural i t y of finger secti ons
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and a thumb secti on; and a pl ural t y of actuators configured
t o v i brate t i ps of the sections.

5 . claims: 8-10

The glove, further compri sing kni tted material (conductive
threads) incl uding at least one or more electroni c
components.

6. claim: 11

The glove, further compri sing a pl ural i t y of mi crocontrol ler
uni ts, wherei n each IMU i s coupled t o a unique MCU.

claim: 12

The glove, wherei n a number of the pl ural i t y of IMUs
greater than or equal t o 16.

8. claim: 13

The glove, wherei n the logi c i s i ncl uded i n an on-board
control ler.

9 . claims: 14-20

A method for operating a vi rtual real i t y system, the method
compri sing: establ i shing a communi cation wi t h one or more
devi ces, the one or more devi ces incl uding a glove;
retri eving or determi ning a hand reference, wherein the hand
reference incl udes a pl ural i t y of finger frames, each finger
frame indi cative of a posi tion of a node; and one or more
of: detecting a movement of each of a pl ural i t y of IMUs
based one or more signal s indi cative of an accelerati on and
a rotation of the respective IMU , and determi ning whether
one or more finger sections, a thumb section , or both
experience an appl ied force.
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