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METHOD AND SYSTEM FOR INTERACTING WITH A VIRTUAL

ENVIRONMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims any and all benefits as provided by law including

benefit under 35 U.S.C. § 119(e) of the U.S. Provisional Application No. 62/235,793, filed

October 1, 2015, the contents of which are incorporated herein by reference in its entirety

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] Not Applicable

REFERENCE TO MICROFICHE APPENDIX

[0003] Not Applicable

BACKGROUND

Technical Field of the Invention

[0004] The present invention is directed to methods and systems for monitoring

physical, physiologic and/or biologic information about one or more persons or subjects and

using physical, physiologic and/or biologic information or information derived from physical,

physiologic and/or biologic information, to interact with virtual environments and associated

systems and devices. More specifically, the system can include one or more sensors that

detect a condition of one or more persons or subjects and use that information to change the

operation of a system a gaming system or virtual reality system.

Description of the Prior Art

[0005] Many existing gaming consoles include remote controls and motion capture

cameras with onboard motion tracking algorithms to track the motion of participants

however, these controls are limited in their ability to tracking body movements. For example,

the Xbox360 camera senses body movements based on optical detection. Depending on the

position of the user, the motion detection algorithms have a difficult time seeing all limb

movements, especially if there are differences in limb-depth with respect to the optical



sensor. Furthermore, response times are slow. The remotes for the Wii and other related

consoles typically include gyroscopes and accelerometers built in.

[0006] Oculus Rift is known for having limitations when users are climbing stairs or

maintaining balance. The brain must be tricked into thinking that it is climbing, when the

movement on your body is not actually happening. The Oculus rift has no way to sense

whether the user is feeling off-balanced during these virtual scenarios.

SUMMARY

[0007] The present invention is directed to methods and systems that are adapted to

sense physiologic or biometric information from one or more participants in a virtual

environment (e.g., a video gaming environment, augmented reality environment or a virtual

reality environment) and use the physiologic or biometric information (or information

derived from the physiologic information) to modify the virtual environment, for example, to

enhance the user experience or to customize the virtual environment for the user.

[0008] In accordance with some embodiments, the system can include body worn

sensors that can sense physiologic information such as heart rate, EMG, EKG, EEG,

respiration, perspiration, galvanic skin response (GSR), posture, gait, and motion, and send

this information to a virtual environment controller, such as a gaming console, to provide an

additional level of input to software that drives the video game or virtual environment. In

addition, the body worn sensor can include smart sensors that process the physiologic and/or

biometric information to derive other metrics such as emotional state, stress levels, anxiety

and fatigue, and send this information to the gaming console, as well. The gaming console

can use the physiologic and/or biometric information and/or the derived metrics to change the

atmosphere, level of difficulty, dialogue, video action, and other aspects of the audio and/or

video presentation to customize the virtual environment for the user. This information can

also be used to provide a safe operating environment, by shutting down the system console if

one or more of the sensors indicate a potentially unsafe condition of the user, such as their

heart rate or respiration exceeding a threshold or their EEG signals indicated unsafe brain

activity, such as may lead to a seizure or a stroke.

[0009] The present invention is directed to methods for monitoring physical,



physiologic and/or biologic conditions of a person or subject and using this information,

either alone or in combination with other information, to influence or control, either directly

or indirectly, one or more aspects of a virtual environment by sending this information to the

system that controls the virtual environment, causing the system to change the way the virtual

environment is presented to the user or the way the story (e.g., the audio and/or video

presentation) flows at any given time.

[0010] In accordance with the invention, one or more people and/or subjects can be

monitored by one or more sensing devices that indicate one or more conditions of some or all

of the people and/or subjects. The conditions can include physical conditions, such as

location and motion of the person or subject or a part of the person or subject. The conditions

can include physiologic or biologic conditions, such as the mechanical, physical, thermal

and/or biochemical aspects of functions and/or processes of the person or subject. The

conditions can include mental, emotional, and psychiatric conditions, such as, mood, focus,

concentration, depression, and alertness.

[0011] The sensed information about one or more persons or subjects can be collected

and processed or analyzed and used as a direct input or used to select or modify an input to a

virtual environment control system (e.g., a game console, virtual reality or augmented reality

controller) that controls the virtual environment experienced by the person or subject. The

virtual environment control system can include an application programming interface (API)

that enables direct external inputs to control or influence one or more aspects of the virtual

environment. The sensed information can also be used to modify the conventional inputs

(e.g., game controllers, joysticks and other user interface devices) to change their response

characteristics (e.g., response, latency, and/or amplitude) as a function of the sensed

information or conditions.

[0012] The virtual environment control system can utilize one or more algorithms to

determine whether to modify the environment or the operation of a system or machine. For

example, the algorithm can use one or more parameters (or rates of change of those

parameters) representative of one or more sensed conditions to influence or modify the

operation of virtual environment control system. The software can, for example, change the

storyline, the intensity of the graphics or the audio in response to changes in user stress levels

(e.g., sensed conditions indicating increased or decreased stress levels, such as heart rate and



respiration rates). In another example, the algorithm can compare one or more parameters

representative of one or more sensed conditions to a predefined threshold value (or range)

and based on the outcome of the comparison, take no further action or proceed to modify the

virtual environment or the storyline presented in the virtual environment. In accordance with

some embodiments, the video game can be made harder or easier, or the health of the

participant's virtual representation (e.g., avatar) in the video game can change to conform

more closely with the sensed conditions (e.g., if the participant appears to be fatigued and/or

slow to react, the participant's virtual representation can exhibit a decline in health).

Similarly, in some embodiments, the participant's virtual representation can exhibit the

participant's movements (e.g., if the participant jumps, exhibits tremors or shaking, or even

sneezes the virtual representation in the video game will present these movements as well).

[0013] In accordance with some embodiments of the invention, the system, according

to the algorithm, can determine a trend or a rate of change of one or more parameters and use

the rate of change to adjust the timing and/or flow of events in the virtual environment, such

as, to build suspense or to make the game more enjoyable for the user.

[0014] In accordance with some embodiments of the invention, the sensors measure

physiologic and/or biometric information that the user has little or no control over and can be

analyzed to assess emotion and physiologic conditions that the user may not be aware of and

have limited or no control over. This physiologic and/or biometric information provides one

or more unique inputs to influence the control of the virtual environment control system.

[0015] These and other capabilities of the invention, along with the invention itself,

will be more fully understood after a review of the following figures, detailed description,

and claims.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The accompanying drawings, which are incorporated into this specification,

illustrate one or more exemplary embodiments of the inventions and, together with the

detailed description, serve to explain the principles and applications of these inventions. The

drawings and detailed description are illustrative, and are intended to facilitate an

understanding of the inventions and their application without limiting the scope of the



invention. The illustrative embodiments can be modified and adapted without departing from

the spirit and scope of the inventions.

[0017] FIG. 1 is a block diagram of a system according to some embodiments of the

invention.

[0018] FIG. 2 is a block diagram of a system according to some embodiments of the

invention.

[0019] FIG. 3 is a block diagram of a sensing device according to some embodiments

of the invention.

[0020] FIG. 4 is a block diagram of a system according to some embodiments of the

invention.

[0021] FIG. 5 is a block diagram of a system according to some embodiments of the

invention.

[0022] FIG. 6 shows a graph of environmental control system response as a function

of intentional user input (e.g., game pad or game controller input) and unintentional user

input (e.g., sensed conditions) according to some embodiments of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0023] The present invention is directed to systems and methods for modifying the

operation or condition of one or more environments or systems as function of one or more

sensed conditions of one or more people or subjects. In accordance with the invention, one or

more people and/or subjects can be monitored by one or more sensing devices that can detect

and indicate one or more conditions of some or all of the people and/or subjects. The

conditions can include physical conditions, such as location and motion of the person or

subject or a part of the person or subject. The conditions can include physiologic or biologic

conditions, such as the mechanical, physical, thermal and/or biochemical aspects of the

biologic and physiologic functions and/or processes of the person or subject. At least a

portion of the sensed condition information can be displayed on a display.

[0024] In accordance with some embodiments of the invention, the sensed condition

information can be used to modify the operation of the system (e.g., a device or set of

devices), for example, to cause a computer program, function or process to be executed (e.g.

started or stopped) or to change the flow of an executing program, function or process. In

one example, a motion sensor (e.g., an accelerometer) can detect motion characteristics



indicative of running or walking and as a result, the system could cause a step tracking

computer program, function or process to be executed to count the number of steps taken and

the distance traveled. In another example, the motion sensor (e.g., an accelerometer) can

transmit the detected motion characteristics to a game console or virtual reality controller,

which can make a virtual representation (e.g., avatar) in a virtual environment exhibit the

same or exaggerated motion characteristics.

[0025] In accordance with some embodiments of the invention, the sensed condition

information can be used to modify the operation of the system (e.g., a device or set of

devices), for example, to cause other sensors to be activated so that their data can be used as

part of newly started or an ongoing computer program, function or process for monitoring the

person or subject. In one example, a temperature sensor could detect a rise in the person or

subject' temperature (e.g., above threshold or steady state body temperature) and as a result,

the system could activate sensors to detect heart rate (e.g., EKG) and/or respiration and as a

result, begin to monitor heart rate and/or respiration as part of a newly started or ongoing user

health monitoring program, function or process. Similarly, the rise in temperature above the

designated threshold could trigger the virtual representation of the user to sweat in the virtual

environment. In accordance with some embodiments of the invention, these sensed

conditions can be used to control the operation game console or virtual reality controller 130.

[0026] FIG. 1 shows an example of a system 100 according to some embodiments of

the invention. In this embodiment, the system 100 can include one or more sensing devices

110 and a game console or virtual reality controller 130. The system 100 can further

comprise a network interface for optionally connecting the game console or virtual reality

controller 130 to a network 120 such as the internet.

[0027] The sensing device 110 can be any device capable of detecting or measuring

physical, physiologic or biologic functions and more than one sensing device can be included

in the system 100. Each sensing device 110 can be configured with one or more controllers

or microcontrollers, such as a low power system on a chip microcontroller, associated

memory and a power source, such as a battery. The controller can be configured to run one

or more digital signal processing algorithms and/or raw data signal processing algorithms.

Each sensing device 110 can include one or more sensors such as accelerometers,

gyroscopes, temperature sensors, light sensors (e.g., visible and invisible light), sound



sensors, bio-potential electrodes (e.g., ECG, EMG, EEG), and other sensors. Each sensing

device 110 can be configured to send sensor data to the game console or virtual reality

controller 130. The sensor data can include raw sensor signal data, processed sensor signal

data (e.g. filtered, scaled, segmented), signal features (e.g. dominant frequency, range, root

mean square value) and algorithm output (e.g. fall detection alarm, tremor score, posture

quality). The sensor data can include other information, such as metadata (e.g., information

about the sensor device, the date, the time, the type and the scale or units of the sensor data).

[0028] Some examples of sensors and types of sensor data include, but are not limited

to, dry and gel-enhanced electrodes and electrode arrays for measuring electrocardiogram

waveforms, heart rate, heart rate variability, electromyography from distinct muscle groups

(e.g. tibialis anterior muscle), electroencephalograms, electro-oculagrams. Strain gauges for

measuring pulse waveforms from superficial arteries and respiration patterns. Piezoelectric

sensors and actuators for mechanical energy harvesting and pulse waveform measurements.

Temperature sensors, such as thermal couples and thermistors (for measuring core and skin

surface temperature), optical sensors and/or photodetectors (for ultraviolet, visible light

analysis, and/or colorimetry analysis), pH sensor, bioanalyte sensor (e.g. potassium, sodium,

calcium, glucose, hormones, proteins), chemical/gas sensor (pollutants, deadly gases,

mercury), microfluidic sensors for capturing and analyzing (e.g., composition and volume)

skin secretions including perspiration and oils. In accordance with some embodiments of the

invention, the sensing devices 110 can be adhered to the head, shoulders, arms, hands, torso,

chest, legs and feet of the user. Other sensor data can include derivative sensor data derived

(e.g., derivative data) from the raw sensor data over time or frequency.

[0029] The processed sensor data can be derived from the raw sensor data by various

well known processes to remove noise or to characterize sets or units of raw sensor data (e.g.,

into features, tokens and/or messages). The sensing device 110 can include a processor and

associated memory and execute one or more computer programs that collect sensor data on a

periodic basis. The sensing device 110 can include a communication system that enables the

raw sensor data or the processed sensor data to be transmitted to a remote device or system,

such as the game console or virtual reality controller 130. The communication system can be

adapted to provide wired or wireless communication with a remote device, such as the game

console or virtual reality controller 130.



[0030] Each sensing device 110 can take many forms, including, for example, a

flexible or stretchable conformable sensing device that can be adhered to the skin, a bracelet

or strap that can be worn on the body, an article of clothing or a pad or plate that can be

positioned against or adjacent the body. The sensing device 110 can detect and measure the

physical motion of the person or subject. The sensing device 110 can detect and measure the

posture or gait of the person or subject. The sensing device 110 can detect and measure

temperature ambient environmental temperature as well as the temperature of the person or

subject (e.g., core body and/or skin surface). The sensing device 110 can detect and measure

the pulse, blood pressure, perspiration, galvanic skin response (GSR), and/or blood oxygen of

the person or subject. The sensing device can detect and measure bio-potentials (e.g., EKG,

EMG and EEG signals), strain, surface body temperature, core body temperature, salt

concentrations in sweat, sweat loss rate, blood micronutrient levels, glucose concentration in

sweat, visible/infrared/ultraviolet radiation, contact pressure, barometric pressure, skin strain,

skin modulus, and generate images of sub-dermal structures using ultrasound transducers

from the person or subject. The perspiration sensor can include the sensors disclosed in

commonly owned U.S. Patent Application Serial No. 62/127,124, filed on March 2, 2015,

entitled Perspiration Sensor, and U.S. Patent Application Serial No. 15/057,762, filed on

March 1, 2016, entitled Perspiration Sensor, each of which is hereby incorporated by

reference in its entirety.

[0031] The sensing device 110 can sample the output of one or more sensors on a

periodic basis (e.g., at 1 Hz, 5 Hz, 10 Hz, 60 Hz, or more) and, if necessary, convert the

signals into digital data. The digital data can be buffered, stored and/or streamed to one or

more remote devices.

[0032] The game console or virtual reality controller 130 can include a processor and

associated memory (e.g., volatile and non-volatile memory for storing programs and data).

The processor can include at least one of a Central Processing Unit (CPU) and a Graphics

Processing Unit (GPU). The game console or virtual reality controller 130 can be any known

game console or virtual reality controller that can communicate with the sensing device 110.

For example, the game console or virtual reality controller can be Nintendo GameCube®,

Nintendo®'s Gameboy® Advance, Sony®'s PlayStation™ console®, Nintendo®'s Wii™,

and Microsoft®'s Xbox 360®, Dreamcast, or Oculus® console. The game console or virtual



reality controller 130 can receive information from one or more sensing devices 110 and

change its operation (e.g., change the atmosphere, level of difficulty, dialogue, video action,

or other aspects of the video game) to modify the virtual environment for the user. In

accordance with some embodiments, one or more sensing devices 110 can communicate with

the game console or virtual reality controller 130 through an intermediate device such as a

smart phone or other computing device 150.

[0033] In accordance with some embodiments of the invention, the game console or

virtual reality controller 130 can be connected to a display 132, a user input device 134, and

optionally a motion tracker 136. The game console or virtual reality controller 130 can

transmit content (e.g., images or videos) to be presented on the display 132. The game

console or virtual reality controller 130 can adjust the content (e.g., images or videos)

presented on the display 132 as a function of the information received from one or more

sensing device 110, user input device 134, and/or motion tracker 136.

[0034] The display 132 can be a computer screen, a TV screen, a projector screen, a

head-mounted display, or wearable glasses.

[0035] In accordance with some embodiments of the invention, one or more user

input devices 134 can be connected to the game console or virtual reality controller 130

through a game port or a Universal Serial Bus (USB) port. The user input device 134 can

serve as an interface for a user to provide input to the game console or virtual reality

controller 130. The user input device 134 can be a hand-held device that includes one or more

buttons and/or triggers. By pressing the one or more buttons and/or triggers, input can be

transmitted to the game console or virtual reality controller 130. The user input device 134

can also include a keyboard/keypad, a pointing device (e.g., mouse, touch pad, trackball),

and/or a joystick. In accordance with some embodiments of the invention, the user input

device 134 can be substantially similar to the controllers used in Xbox, PlayStation,

Nintendo, or Wii. The user input device 134 can also shape like a gun.

[0036] In accordance with some embodiments of the invention, the motion tracker

136 can be configured to track or sense the motion or gestures of the user and transmit data

representative of the detected motion or gesture information to the game console or virtual

reality controller 130. Additionally, the motion tracker 136 can include facial recognition

and/or voice recognition capability. The game console or virtual reality controller 130 can



control the virtual representation of the user in the virtual environment to exhibit substantially

the same motion or gesture as that of the user (e.g., in substantially real time). In accordance

with some embodiments of the invention, the motion tracker 136 can include a camera, a

sensor (e.g., a depth sensor), and a microphone. In accordance with some embodiments of the

invention, the sensor of the motion tracker 136 can include an infrared laser projector and a

CMOS sensor. In accordance with some embodiments of the invention, the motion tracker

136 can be substantially similar to Microsoft TM Kinect motion sensing system or a Sony

TM PlayStation motion sensing Camera.

[0037] The game console or virtual reality controller 130 can communicate with one

or more sensing devices 110 using any wired or wireless communication band (e.g., USB,

SPI, Bluetooth, WiFi, ZigBee, WMTS, cellular data, and industrial, scientific, and medical

(ISM) band communications). The sensor device 110 and the game console or virtual reality

controller 130 can use an industry standard communication protocol or a proprietary

communication protocol. The game console or virtual reality controller 130 can include a

processor and associated memory that can receive the raw sensor data or the processed sensor

data from one or more sensing devices 110 and store the data in memory for further

processing or for communication to a remote system for further processing, such as the game

server 140. The game console or virtual reality controller 130 can include a network

interface (e.g., wired such as Ethernet or wireless such as WiFi or 3G, 4G, 4G LTE mobile

data) that enables the game console or virtual reality controller 130 to communicate with

other systems, such as computers and the game server 140 and other sources of data and

information. In accordance with some embodiments of the invention, the game console or

virtual reality controller 130 and/or the game server 140 can further analyze the sensor data

using analytics algorithms that either process the sensor data by itself or in combination with

other available data. In accordance with some embodiments of the invention, the game

console or virtual reality controller 130 can analyze the sensor data and as a function of at

least the sensor data, directly communicate with another device to control that device (e.g.,

the display 132). For example, the game console or virtual reality controller 130 can receive

sensor data from one or more sensing devices 110 indicating the level of stress in the user,

and as a function of the sensor data, directly increase, decrease, or maintain the difficulty

level of the game.



[0038] In accordance with some embodiments, the sensor data can be processed

according to one or more algorithms or processes which determine whether one or more

conditions relating to the sensor data meet one or more specified criteria (e.g., threshold

values) or are likely to meet one or more specified criteria in the future. This can be

accomplished by extrapolating existing data or analyzing trends in the data, to determine a

predicted value for one or more conditions in the future and comparing the predicted value to

a predefined threshold. For example, if the user's heart rate is increasing as demonstrated by

a recorded increase in heart rate over time, based on the determined rate of change, the

algorithm can determine the warning time, e.g., the amount of time it will take for the user's

heart rate to reach a predefined threshold. Depending on the warning time, the game console

or virtual reality controller 130 can either shut down the game or lower the difficulty level of

scariness level of the game to ensure the comfort or safety of the user.

[0039] FIG. 2 shows a system 200 similar to system 100 according to some

embodiments of the invention. In this embodiment, the system 200 can include one or more

sensing devices 110, a network 120, a game console or virtual reality controller 130, and a

game server 140. The game server 140 can be connected to the game console or virtual

reality controller 130, e.g., via a network 120 such as a LAN, or a WAN, such as the internet.

The one or more sensing devices 110 can communicate with the game console or virtual

reality controller 130, e.g., by transmitting sensed condition information to the game console

or virtual reality controller 130. In accordance with some embodiments of the invention, the

one or more sensing devices 110 can transmit sensed condition information to an external hub

150 instead of the game console or virtual reality controller 130. The external hub 150 can in

turn transmit the sensed condition information to the network 120. System 200 can include

many of the same components as system 100 (e.g., display 132, user input device 134, motion

tracker 136) and operate similar to system 100.

[0040] One of the primary differences between system 200 and system 100 is that the

game server 140 is used in system 200 to process, analyze, and/or store the sensor data. In

accordance with some embodiments of the invention, the game console or virtual reality

controller 130 can send the raw sensor data or the processed sensor data (or both) to the game

server 140. The game server 140 can then control all or a portion of the operations of the

game console or virtual reality controller 130.



[0041] The game server 140 can include one or more computers that are configured to

receive the sensor data from one or more sensing devices 110. The sensor data can be

transmitted by the game console or virtual reality controller 130 to the game server 140 over

a public or private network. In accordance with some embodiments, the game console or

virtual reality controller 130 can act as a gateway that forwards the sensor data to the game

server 140 according to predefined instructions or configuration. The game server 140 can

be, for example, a big data server (e.g., based on Hadoop, or another analytics engine) that

can receive, store and analyze the sensor data according to a predefined analytical method or

process. In accordance with some embodiments, as a result of the predefined analytical

method or process, the game server 140 can generate one or more commands and/or data and

send one or more of those commands and/or data to the game console or virtual reality

controller 130. The commands can be used to control or change the operation of the game

console or virtual reality controller 130, which in turn controls or changes the content

presented on the display 132.

[0042] In accordance with some embodiments of the invention, the data stored in the

game server 140 can be used by game developers to build improvements to the gaming

experience. For example, based on the sensor data, game developers can identify aspects of

the game (e.g., plots, images, music, or sound) to which the user has positive or negative

reactions. The gaming experience can be improved, for example, by increasing the frequency

of occurrence of those aspects to which the user has positive reactions. Examples of how the

gaming software can be modified and tested are described in commonly owned U.S. Patent

Application Serial No. 62/ 221664, filed Sept. 22, 2015, entitled Method and System for

Crowd-Sourced Algorithm Development, which is incorporated by reference in its entirety.

[0043] In accordance with some embodiments of the invention, the game console or

virtual reality controller 130 can send one or more commands (e.g., an instruction to perform

one or more functions or operations, or an acknowledgement that a function or operation has

started or completed) and/or data (e.g., sensor data or user data) to the game server 140. The

game server 140 can interpret and respond to the commands, for example, to retrieve data or

process data or change the way game server 140 processes the data. The response can

include a command (e.g., an acknowledgement or instruction) and/or data (e.g., data or

information requested, results of an analysis or other sensor data). The game console or



virtual reality controller 130 can use the data for further analysis by algorithms on the game

console or virtual reality controller 130 or to determine whether one or more commands

and/or data should be sent to the display 132.

[0044] FIG. 3 shows one embodiment of a sensing device 110 according to the

invention. In accordance with some embodiments of the invention, the sensing device 110

can include a plurality of components mounted on device islands 410, wherein each device

island 410 can be connected to an adjacent device island 410 by a flexible interconnect 420,

enabling the sensing device to flex and stretch and conform to irregular surfaces, such as

those of the body of a person or subject (e.g., an animal). The sensing device 110 can be

encapsulated in a flexible or stretchable material, such as, silicone or PDMS. The sensing

device 110 can include an adhesive material that enables the sensing device to adhere to the

skin of a person or subject or the surface of an object. The sensing device 110 can optionally

include one or more user interface components, such as buttons, lights (e.g., LEDs), displays,

speakers or vibrators that enable a user or person to interact with the device using visual,

audible and sensory cues. These user interface components can be used to provide

operational, configuration, and biometric performance feedback to a user directly, such as,

through visual and tactile output capabilities via LEDs and vibration motors.

[0045] The sensing device 110 can include a processor 111 and associated memory

112 and a battery 113 which serves as a power source. An induction coil 117 can be used to

charge the battery 113. The sensing device 110 can include one or more sensors, including

an accelerometer 114, an ExG sensor 115 and one or more electrodes 116. The sensing

device 110 can also include wireless transceiver 118 (e.g., such as Bluetooth TM, WiFi,

mobile data) and an antenna 118A to enable the sensing device 110 to communicate with the

game console or virtual reality controller 130 and/or smart phone or hub 150.

[0046] In accordance with some embodiments, the memory 112 can store one or more

computer programs, including an operating system (e.g., Linux) as well as one or more

application programs, functions and processes that can be used to control the operation of the

sensing device 110. One or more programs, functions or processes can be used to collect

accelerometer data, which includes motion and acceleration information in 1, 2 or 3

dimensions as well as temperature data. One or more programs, functions or processes can

be used to collect bio-potentials in the form of ExG data from the ExG sensor. The ExG data



can include data representative of at least one of the following bio-potential signals:

electrocardiogram (e.g., EKG or ECG) signals, electromyogram (e.g., EMG) signals or

Electroencephalogram signals (e.g., EEG), depending on how the one or more programs,

functions or processes configures the ExG sensor 115. The sensing device 110 can include

one or more electrodes 116 (on the back side of the device shown in Fig. 3) that can be placed

in direct or indirect contact with the skin to receive these signals. In accordance with some

embodiments of the invention, the EKG data can be used to determine heart rate and heart

rate variability as well as recovery rate and the EMG data can be used to determine muscle

activation. In some embodiments, the placement of one or more sensors 110 on the face or

neck can lead to EMG data that reflects an individual's emotional state. For example, sensor

110 can be placed such that electrodes 116 span across the cheek and lower jaw. In this

manner, the EMG data can be used to indicate when a user is clenching the jaw—a sign of

stress and discomfort. Similarly, sensors 110 can be positioned in other locations on the face,

neck or body to detect muscle contractions that are typically associated with moods and

emotional states (e.g., the back of the neck, the eyebrows, cheeks and the hands and/or

wrists). In accordance with some embodiments of the invention, these bio-potential signals

can be used to detect excited or fatigued states (e.g., high verses low heart rates and fast

verses slow muscle responses).

[0047] In operation, the sensing device 110 can be configured using one or more

programs, functions or processes to collect raw sensor data and store the data in memory 112.

In accordance with some embodiments, one or more programs, functions or processes

running on the processor 111 can process and/or analyze the raw sensor data and generate

processed sensor data, for example, by filtering the raw data to remove noise and/or artifacts

and/or to normalize the raw sensor data. In accordance with some embodiments, the raw

sensor data and/or the processed sensor data can be further processed by computing

descriptive analytics (e.g., minimum values, maximum values, mean values, median values,

mode values, standard deviation and variance values, and higher moments such as kurtosis)

on one or more sets of samples of the data, and comparing such values against the

comparable values of a larger cohort of relevant individuals, or against prior measurements

collected on the same individual. In accordance with some embodiments, the raw sensor data

and/or the processed sensor data can be further processed to extract specific features or



characteristics of the signal like the dominant frequency, range, root mean square value,

correlation coefficient, heart rate, respiration rate, cadence etc. The features can be further

processed using one or more algorithms (e.g. decision tree, state machine, and/or

linear/logistic regression) to detect or predict events (e.g. user motion, activity types, seizure,

tremor) or to detect or predict status (e.g., state of mind, mental condition and/or attitude). In

accordance with some embodiments, the raw sensor data can be converted to tokens or

symbols representative of two or more raw sensor data values. The raw sensor data can be

processed in real time as it is received from the sensor element or it can be processed in

blocks after a predefined number of raw sensor data values are received. The raw data and

the processed data can be stored in memory 112, until it is transmitted to a remote device

(e.g. game console or virtual reality controller 130, or smart phone or hub 150).

[0048] The sensing device 110 can process the data to generate one or more higher

order biometrics, by processing the raw data to determine, for example, activity type

detection, activity-specific or body location-specific performance indicators, gesture

recognition, posture quality, and sleep quality. The sensing device 110 can receive and

process external commands which cause the device to modify its configuration and/or

operation for collection, processing, and reporting of sensor data, including turning on or off

various sensor combinations, changing sampling rates and measurement ranges, modifying

buffering and filtering schemes, and applying different digital signal processing and

algorithms to raw sensor output to produce different streams of data and / or different sets of

higher order biometrics around activity tracking, activity performance, and activity quality

data. Based on the biometrics determined and/or other data, the sensing device 110 can,

based on an algorithm or set of rules, select a sensing modality which is optimal for a

particular activity or on-body location that has been detected, and automatically modify its

configuration and/or operation for collection, processing, and reporting of sensor data,

including turning on or off various sensor combinations, changing sampling rates and

measurement ranges, modifying buffering and filtering schemes, and applying different

digital signal processing and algorithms to raw sensor output to produce different streams of

data and / or different sets of higher order biometrics around activity tracking, activity

performance, and activity quality data.

[0049] In accordance to some embodiments of the invention, when the sensing device



110 is connected using, for example, the wireless transceiver 118 (e.g., Bluetooth TM, WiFi

or Zigbee) to the smart phone or hub 130 or implantable device 170, the raw sensor data

and/or the processed sensor data can be transmitted using the wireless transceiver 118 to the

game console or virtual reality controller 130 and stored in the memory of the game console

or virtual reality controller 130. In accordance with some embodiments of the invention, the

sensor data can be transmitted by the game console or virtual reality controller 130 to the

game server 140 for long-term storage and further analysis. The sensor data can be analyzed

and used to modify the software in the game console or virtual reality controller 130.

[0050] The system 100 can be configured to enable many different data flows. In

accordance with some embodiments of the invention, the raw data or processed sensor data

(metrics) can flow from the sensing device 110, through the game console or virtual reality

controller 130, to the game server 140 or a the data storage system associated with the game

server 140. The sensor data (e.g., raw or processed) can be pre-filtered, conditioned,

manipulated, or combined with other data within the game console or virtual reality controller

130. The sensor data (e.g., raw or processed) can also be filtered, conditioned, manipulated,

or combined with other data within the data storage and game server 140.

[0051] In accordance with some embodiments of the invention, processed sensor data

or other data can flow from the game server 140 through the game console or virtual reality

controller 130 and back to the sensing device 110. Processed data (e.g., commands, control

instructions, or higher order information, such as, software and algorithms for system

upgrades and updates) can flow from the game server 140 to the game console or virtual

reality controller 130, and through the game console or virtual reality controller 130 to the

sensing device 110. The data can be filtered, interpreted, validated, and/or combined with

other data within the smart device. The data can also be filtered, interpreted, validated, and /

or combined with other data within the sensing device 110.

[0052] FIG. 4 is a flow chart 400 showing the operation of the system 100 or 200 in

accordance with some embodiments of the invention. In step 410, when a user is using the

game console or virtual reality controller 130, one or more sensing devices 110 measures at

least one physiologic and/or biologic parameter from the user to produce sensor data. At 412,

a wired or wireless console interface connects the sensing device 110 and the game console

or virtual reality controller 130, thereby allowing the sensor data to be transmitted from the



sensing device 110 to the game console or virtual reality controller 130 (step 412). The sensor

data can also be processed by the game console or virtual reality controller 130.

[0053] The virtual environment controlled by the game console or virtual reality

controller 130 can be altered based on at least one of: the sensor data and intentional user

input such as pressing a button, moving a joystick, using a gesture, and voice command, at

402. After the game console or virtual reality controller 130 receives and processes the

sensor data (unintentional input), the game console or virtual reality controller 130, equipped

with an operating system, can alter the virtual environment (e.g., visual, audio, haptic, or a

combination thereof) based on the unintentional input, which is presented to the user, at 404.

The virtual environment can also be altered based on intentional user input at 406. While

interacting with the altered virtual environment, passively or actively, the user can

intentionally provide input to the game console or virtual reality controller 130 (step 406),

e.g., by pressing a button, moving a joystick, using a gesture, or voice command. The

process continues at 402 with the console operating system altering the virtual environment

as a function of intentional inputs (406) and unintentional inputs (412) and presenting the

altered virtual environment to the user, 404.

[0054] In accordance with some embodiments of the invention, body worn

conformable sensors, such as sensing device 110 can be used to quantitatively measure a

variety of different physiologic and biologic parameters from the human body. These

physiologic and biologic parameters include bio-potentials, such as, ECG, EMG and

respiration as well as acceleration and angular velocities related to motion. The ECG signals

can be used to determine heart rate, heart rate variability and recovery rate. In addition ECG

signals can be used to determine abnormalities associated with heart function (e.g. seizures

and/or arrhythmias including tachycardias, bradycardias, atrial fibrillation, atrial flutter,

and/or supraventricular tachycardias). The EMG signals can be used to determine muscle

activation (e.g., contractions, spasms, tremor, rigidity, myopathy, and/or muscular

dystrophy). The raw accelerometer signals can be transformed into signal parameters or

features such as frequency content in specific frequency bands, acceleration vector

amplitudes, acceleration vector direction changes as a function of time, etc. and these features

can be correlated with relevant metrics such as heart rate, respiration rate, as well as motion

related to walking, running, physical activity, posture, tremors, coughs, snoring, frailty, and



falls. The accelerometer signals can also be used to detect and/or measure, for example,

seizures, gait and balance problems, steps and/or cadence, energy expenditure (together with

heart rate and/or respiration rate), range of motion, and other activity types (e.g., swimming,

cycling, rowing, throwing, swinging, kicking, punching, etc.)

[0055] These parameters can be used for detection or prediction of medical conditions

and/or as an indicator of general health and well-being of an individual. In accordance with

some embodiments of the invention, a system that includes a wearable body sensor can be

connected to an information gateway (e.g., smart phone or hub 130) to control a set of

external devices nearby the user (e.g., lighting, heating, ventilating, and air conditioning).

The system can act in a coordinated manner to provide an enhanced environmental

presentation to the user.

[0056] In accordance with some embodiments of the invention, accelerometer data

captured by a conformable sensing device 110 affixed to the chest can be used to detect and

record multiple physiologic signals including heart rate, respiration, coughing at rest, by

detecting the mechanical vibrations resulting from the motions of the chest cavity and

rhythmic movements of the heart (heart rate) sensed on the chest wall. In accordance with

some embodiments of the invention, heart beat information can be derived from the high

frequency portion of the accelerometer signal, and respiration information can be derived

from the low frequency portion of the accelerometer signal. For example, to derive heart rate

information, the raw accelerometer data can be filtered through a band pass filter with a high

pass cutoff frequency of 2Hz and low pass cutoff frequency of 45Hz. Next, the resultant of

the X, Y and Z axes can be determined by taking the square root of the sum of square of each

axis. To amplify the high frequency components, the signal can be differentiated. The

differentiated signal can be processed by a state machine with an adaptive threshold to detect

the heart beats and calculate the heart rate using a Pan-Tompkins or similar algorithm. See,

Pan, Jiapu; Tompkins, Willis J., "A Real-Time QRS Detection Algorithm," Biomedical

Engineering, IEEE Transactions on , vol.BME-32, no.3, pp.230,236, March 1985, which is

hereby incorporated by reference.

[0057] For example, to derive the respiration rate information, the raw accelerometer

signal can be filtered using a low pass filter having a cutoff frequency of 2Hz. The respiration

rate can be estimated based on the method described in the following publication: A . Bates,



M . J . Ling, J . Mann and D . K . Arvind "Respiratory Rate and Flow Waveform Estimation

from Tri-axial Accelerometer Data", Proc. Int. Conf. on Wearable and Implantable Body

Sensor Networks, pages 144-150, Singapore, June 2010.

[0058] In accordance with some embodiments of the invention, a single conformable

sensing device 110 can be adhered to the chest to detect respiration, heart rate, physical

motion (and motion frequency), and temperature using just an accelerometer sensor. The

sensor data can be transmitted wirelessly to the game console or virtual reality controller 130

or the smart phone or hub 150. The smart phone or hub 150 can further process the sensor

data with other data (e.g., date, time, season, ambient temperature, atmospheric pressure, GPS

location, weather data, news data, historical data and personal information) and send the

processed sensor data and/or other data to the game console or virtual reality controller 130 to

modify the presentation to the user. For example, based on date and personal data, a

character in the game or virtual environment could wish the user a happy birthday or notify

them that they have an up-coming appointment.

[0059] In accordance with some embodiments of the invention, the system 100 can be

used to personalize a user's experience in a video game, virtual reality, or augmented reality.

In one embodiment, one or more sensing devices 110 can transmit the physiologic or

biometric information (e.g., heart rate, respiration rate, or motion) to the game console or

virtual reality controller 130, which controls the user's virtual representation in the game

console or virtual reality controller 130 to also exhibit at least a portion of the physiologic or

biometric information. For example, the virtual representation (e.g., a user's character) can

have the same heart rate and/or respiration rate as the user. In a particular example, the

system can monitor the user's respiration rate and use that information to sway the sniper

scope while he/she is aiming in the same rhythm. In another example, the user's detected

heart rate and respiration rate can be used adjust the strength or health of the user's character.

At least a portion of the physiologic or biometric information can be displayed on a screen

such that the information is viewable by the user or other users in the same video game or

virtual reality. A summary of the physiologic or biometric information can be shown to the

user at the end of a virtual reality session. For example, the user can view the statistics of

his/her heart rate. In yet another example, the gait, posture, or motion of the user can be

sensed by the sensing device 110 and the sensor data on the same can be transmitted to the



game console or virtual reality controller 130; the game console or virtual reality controller

130 can control the user's virtual representation to exhibit the same gait, posture, or motion

as the user in real time; the game console or virtual reality controller 130 can also control the

user's virtual representation to exhibit an exaggerated motion compared to the real motion.

The exaggerated motion can be exaggerated in intensity, speed, and/or range of motion. For

example, a series of kicks by the user in the real world can be sped up in the virtual

environment. Other effects can also be added to the motion in the virtual environment, such

as slow motion.

[0060] In accordance with some embodiments of the invention, the system can also

permit a plurality of users (e.g., at least 2, at least 5, at least 10, or at least 50) to engage with

each other in a video game, virtual reality, or augmented reality on a more personal level than

existing technologies. For example, a user can view the real-time heart rate or respiration rate

of other users; a user can also view the motions of other users in real time which are

embodied by the motions of their virtual representations in the virtual environment. The

systems 100 and 200 can used for military training in battle simulations and operational

training.

[0061] In accordance with some embodiments of the invention, the system 100 or 200

can also personalize a user's experience in a video game, virtual reality, or augmented reality

by adjusting one or more aspects of the video game, virtual reality, or augmented reality in

real time based on the physiologic or biometric information measured by the sensing device

110. The physiologic or biometric information measured by the sensing device 110 can

indicate the mental state of the user (e.g., stress level), which can serve as input to the game

console or virtual reality controller 130. The one or more aspects of the video game, virtual

reality, or augmented reality can include, but are not limited to, difficulty level, scariness

level, music, sound level, dialogue, and atmosphere. FIG. 5 is a flow chart 500 illustrating

how a horror video game can adjust the scariness level by adjusting the number of monsters

according to the measured heart rate of the user. At the beginning of the game, a user can

select the scariness level (e.g., low, medium, or high). People's tolerance for scariness can

vary. For example, a low scariness level for one user can mean high scariness level for

another user. The system can thus permit the game console or virtual reality controller to

personalize the scariness level of the game by using the physiologic or biometric information



of individual users measured by the sensing device 110. For example, a low scariness level

can mean that the video presentation is modulated (e.g., controlled to limit the number of

monsters and/or scary events) such that the user' heart rate is below a first predetermined

level; a medium scariness level can mean that the video presentation is modulated (e.g.,

controlled to limit the number of monsters and/or scary events) such that the user's heart rate

is at or above the first predetermined level and at or below a second predetermined level; and

a high scariness level can mean that the video presentation is modulated (e.g., controlled to

limit the number of monsters and/or scary events) such that the user's heart rate is above the

second predetermined level.

[0062] As shown in FIG. 5, a user can set the scariness level for a video game he/she

is playing to be less scary, which can correspond to a heart rate below 80 BPM. The

scariness of the video game can be set, for example, according to predefined "low,"

"medium," and "high" levels or on a continuous scale from, for example, 1 to 100 where 1 is

least scary and 100 is most scary. When the user is playing the video game, the sensing

device 110 can monitor the heart rate of the user in real time, at 510. The game console or

virtual reality controller 130 can adjust the frequency of monster appearance (or scary events)

as a function of the measured heart rate, at 512. For example, at 502, if the measured heart

rate is at or above 80 BPM, the game console or virtual reality controller 130 operating

system will execute a sequence that shows less monsters (or scary events) in the video game

until the user's heart rate drops below 80 BPM; if the measured heart rate is below 80 BPM,

the game console or virtual reality controller 130 operating system can either keep the

number of monsters constant or show more monsters in the video game until the user's heart

rate increases to a threshold near 80 BPM or has a rate of increase that indicates the user's

heart rate will approach 80 BPM in a future time. At 504, the altered audio visual

environment is presented to the user. At 506, the user also provides intentional input using

the game controller or other user interface device. At 502, the virtual environment (e.g.,

video game) can also be altered by the console operating system based on user input (step

506, e.g., button press, joystick, or gestures). The altered virtual environment can then be

presented to the user, as shown in step 504.

[0063] Figure 6 shows a plot of the game console or virtual reality controller 130

operating system response as a function of intentional input (e.g., by the user using a game



controller, joystick or other user interface device) and unintentional input (e.g., sensor data

from sensing devices 110). In accordance with some embodiments, the game console or

virtual reality controller 130 operating system can be programmed to respond according to

the states or values of specific intentional and unintentional user inputs. The plot shows that

system can generate different response profiles as a function of the character of the inputs.

Depending upon whether an input is intentional or unintentional and type of input (e.g.,

joystick, button press, ECG, EMG, EEG, motion, GSR) and the user status information that

can be derived from those inputs, the game console or virtual reality system can output a

programmed response to the user and that response can be weighted or tempered according to

program functions that include the unintentional inputs as well as the intentional inputs as

input parameters. For example, unintentional inputs can be generated by EMG, EEG, EMG,

motion or GSR sensors that indicate unconscious responses to a virtual environment (e.g., a

smile or a frown, sweating, and/or muscles tensing) that can be used with or without

intentional user inputs (e.g., game controller operations such as joystick movement or button

presses) to provide inputs to virtual reality system to change the flow or operation of the

system or trigger a pre-designated system response.

[0064] In accordance with some embodiments of the invention, the system can also

present personalized advertisements to the user based on the sensor data. Coupons associated

with the advertisement can also be presented. For example, when the sensor data indicate that

the user is thirsty, the game console or virtual reality controller 130 may show, on the

display, an advertisement related to sports drinks.

[0065] In accordance with some embodiments of the invention, the virtual

environment can be a video game. The video game can be a single-player game or multi-

player game. In accordance with some embodiments of the invention, the virtual environment

can be a simulator for operating a vehicle (e.g., automobiles, trains, planes, boats, fighter

jets), for sports (e.g., golf, tennis, shooting), or for operating a machinery. In accordance with

some embodiments of the invention, the virtual environment can be overlayed on the real

environment, e.g., as in augmented reality.

[0066] In accordance with some embodiments of the invention, one or more sensing

devices 110 can used to provide a more immersive virtual or augmented reality experience

incorporating the motion of multiple body parts in the experience and bring a greater level of



detail to the simulation (e.g., making it closer to reality). For example, in combat training,

sensing devices 110 can be placed on multiple locations, the head, the hands, the feet, the

arms, and in various configurations to more accurately simulate the position of the user and

the user's body.

[0067] In accordance with some embodiments of the invention, one or more sensing

devices 110 can be used to determine how a person is feeling (e.g., emotional states, such as

stress levels as function of heart and respiration rates, emotional states based on body posture

using accelerometer and/or gyroscope position data, temperature and perspiration - GSR,

capacitive or volumetric perspiration measurement, EMG signals from facial muscle groups

correlate with facial expressions associated with emotional states including, frowning -

sadness or disappointment, smiling - happiness, shock - surprise, etc.). This information can

be used to evaluate and record one or more user's response to an audio visual presentation

(e.g., a scene in a video game, a commercial advertisement, a bill board), to food a person is

eating, to a physical activity (e.g., a roller coaster ride, physical training, in combat, flying,

riding public transportation).

[0068] In accordance with some embodiments of the invention, the one or more

sensing devices 110 can be used to determine the user's state of alertness, for example while

driving a motor vehicle or operating dangerous or heavy equipment. If a sensing device 110

indicates that a person's head is nodding or their heart rate or respiration rate are dropping

(e.g., as if going to sleep), the control system 130 or smart phone or hub 150 can sound an

alarm and/or cause the motor vehicle or equipment to go on auto-pilot mode or execute a

controlled stop.

[0069] In accordance with some embodiments of the invention, the one or more

sensing devices 110 can be used to enhance a video game experience. The conditions (e.g.,

heart rate, respiration rate, ExG levels or metrics derived therefrom) sensed by the sensing

devices 110 can be made available to other users during in-game play. The conditions sensed

can be used to make the environment more realistic, for example, the user's character can

appear to breathe heavy if the user is breathing heavy and this can impact the character's

performance in the game.

[0070] In accordance with some embodiments of the invention, one or more sensing

devices can be used with a health and fitness virtual reality controller 130 that monitors the



user's heart rate, respiration rate, hydration, perspiration, posture and other vital signs and

changes the level of difficulty in real time of an exercise machine or an exercise video to

challenge users and improve their performance. The health and fitness virtual reality

controller 130 can, for example, add challenges (e.g., increase the incline of a treadmill or the

resistance of exercise bike or elliptical running machine) as a function of sensed conditions of

the user. Where multiple users are exercising together, the system can limit the challenges

based on the known capabilities of all the users or handicap the users and provide different

levels of challenges based each user's capabilities.

[0071] Other embodiments are within the scope and spirit of the invention. For

example, due to the nature of software, functions described above can be implemented using

software, hardware, firmware, hardwiring, or combinations of any of these. Features

implementing functions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

[0072] Further, while the description above refers to the invention, the description

may include more than one invention.



CLAIMS

1 . A system comprising:

at least one sensing device having at least one sensor configured to sense at least one

physiologic or biometric condition of a person;

a game console or virtual reality controller configured to produce a virtual

environment, wherein the game console or virtual reality controller is in communication with

the at least one sensing device and configured to receive sensor data from the at least one

sensing device, whereby the game console or virtual reality controller adjust the virtual

environment as a function of the sensor data.

2 . The system according to claim 1, comprising at least two sensing devices.

3 . The system according to claim 1, wherein the at least one physiologic or biometric

condition is selected from the group consisting of heart rate, heart rate variability, respiration

rate, respiration rate variability, skin temperature, core temperature, blood pressure, gait,

posture, muscle potential, motion, and stride length.

4 . The system according to claim 1, wherein the at least one sensing device is in contact

with the skin of the person.

5 . The system according to claim 1, wherein the at least one sensing device includes at

least one of: an accelerometer, a temperature sensor, a gyroscope, a light sensor, an ExG

sensor, a sound sensor, and one or more electrodes.

6 . The system according to claim 1, wherein the game console or virtual reality

controller presents the virtual environment on a display.

7 . The system according to claim 1, wherein the game console or virtual reality

controller is connected to a controller.



8 . The system according to claim 1, wherein the game console or virtual reality

controller is connected to a motion tracker.

9 . The system according to claim 1, wherein the game console or virtual reality

controller is configured to analyze the sensor data.

10. The system according to claim 1, wherein the game console or virtual reality

controller is connected to a game server, whereby the game console or virtual reality

controller transmits the sensor data to the game server.

11. The system according to claim 1, wherein the game server is configured to analyze

the sensor data.
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