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FALL PREDICTION SYSTEM INCLUDING A BEACON AND

METHOD OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation in part of U.S. Patent Application No. 15/858,680, filed

December 29, 2017, which claims the benefit of U.S. Provisional Patent Application No.

62/458,436, filed February 13, 2017, each of which is incorporated herein by reference.

BACKGROUND

Maintaining postural control and preventing a fall are of importance for the elderly. Falls

are the second leading cause of accidental or unintentional injury deaths worldwide and are

especially prevalent in the elderly. Currently, individuals are often inadequately prepared to

protect themselves from falls or other serious injuries as the onset of such events may come

without perceptible warning. Further, maintaining postural equilibrium, i.e., prevention of a fall,

involves stabilization of the body's center of mass during both self-initiated and externally

triggered disturbances to postural stability during normal daily activities. Maintaining such

equilibrium can be accomplished by limiting the motion of the center of mass within the base of

support formed by and around the feet. Postural equilibrium is maintained through multisensory

inputs. For example, loss of sensory input in the feet due to neuropathy can increase the risk of a

fall, even though the necessary motor control for a corrective action of repositioning the feet may

still be intact.

Both intrinsic and extrinsic factors can contribute to an individual's risk for falling.

Wearable devices that can include embedded sensors can measure and monitor intrinsic factors

such as gait characteristics and heart blood pressure. But extrinsic factors such as hazards

proximate the user can play an important role in providing an accurate risk estimate and

appropriate intervention method to help prevent falls from occurring. Presently, individuals must

observe signage that indicate hazardous areas. But these signs are not always in place or clearly

visible, nor are they able to be factored into an automated falls risk estimation model.



SUMMARY

In general, the present disclosure provides various embodiments of a beacon that can be

utilized with a fall prediction system, and a method of utilizing such a system. The fall prediction

system can include a head-worn device for a user and a beacon adapted to detect a hazard and

generate a beacon signal based on the detected hazard. The fall prediction system can also

include a controller operatively connected to the head-worn device and the beacon. At least one

of the beacon and controller can be adapted to transmit the beacon signal to the user.

In one aspect, the present disclosure provides a fall prediction system that includes a

head-worn device for a user, a beacon adapted to detect a hazard and generate a beacon signal

based on the detected hazard, and a controller operatively connected to the head-worn device and

the beacon. The controller is adapted to determine a fall risk value based on the beacon signal. At

least one of the beacon and the controller are further adapted to transmit the beacon signal to the

user.

In another aspect, the present disclosure provides a method that includes detecting a

hazard with a beacon, where the beacon is adapted to generate a beacon signal based on the

detected hazard. The method further includes transmitting the beacon signal to a fall prediction

system associated with a user, where the fall prediction system includes a head-worn device and

the beacon; determining a fall risk value based on the beacon signal; and transmitting the beacon

signal to the user.

All headings provided herein are for the convenience of the reader and should not be used

to limit the meaning of any text that follows the heading, unless so specified.

The terms "comprises" and variations thereof do not have a limiting meaning where these

terms appear in the description and claims. Such terms will be understood to imply the inclusion

of a stated step or element or group of steps or elements but not the exclusion of any other step or

element or group of steps or elements.

In this application, terms such as "a," "an," and "the" are not intended to refer to only a

singular entity, but include the general class of which a specific example may be used for

illustration. The terms "a," "an," and "the" are used interchangeably with the term "at least one."

The phrases "at least one of and "comprises at least one of followed by a list refers to any one

of the items in the list and any combination of two or more items in the list.

The phrases "at least one of and "comprises at least one of followed by a list refers to



any one of the items in the list and any combination of two or more items in the list.

As used herein, the term "or" is generally employed in its usual sense including "and/or"

unless the content clearly dictates otherwise.

As used herein in connection with a measured quantity, the term "about" refers to that

variation in the measured quantity as would be expected by the skilled artisan making the

measurement and exercising a level of care commensurate with the objective of the measurement

and the precision of the measuring equipment used. Herein, "up to" a number (e.g., up to 50)

includes the number (e.g., 50).

Also herein, the recitations of numerical ranges by endpoints include all numbers

subsumed within that range as well as the endpoints (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80,

4, 5, etc.).

These and other aspects of the present disclosure will be apparent from the detailed

description below. In no event, however, should the above summaries be construed as limitations

on the claimed subject matter, which subject matter is defined solely by the attached claims, as

may be amended during prosecution.

BRIEF DESCRIPTION OF THE DRAWINGS

Throughout the specification, reference is made to the appended drawings, where like

reference numerals designate like elements, and wherein:

FIG. 1 is a schematic cross-section view of one embodiment of a fall prediction system.

FIG. 2 is a schematic cross-section view of one embodiment of a hearing device that can

be utilized with the fall prediction system of FIG. 1 .

FIG. 3 is a flow chart of one embodiment of a method of utilizing the fall prediction

system of FIG. 1 .

FIG. 4 is a flow chart of another embodiment of a method of utilizing the fall prediction

system of FIG. 1 .

FIG. 5 is a flow chart of another embodiment of a method of utilizing the fall prediction

system of FIG. 1 .

FIG. 6 is a schematic cross-section view of one embodiment of a beacon.

FIG. 7 is a flowchart of one embodiment of a system that utilizes the hazard beacon.



DETAILED DESCRIPTION

In general, the present disclosure provides various embodiments of a beacon that can be

utilized with a fall prediction system, and a method of utilizing such a system. The fall prediction

system can include a head-worn device for a user and a beacon adapted to detect a hazard and

generate a beacon signal based on the detected hazard. The fall prediction system can also

include a controller operatively connected to the head-worn device and the beacon. At least one

of the beacon and controller can be adapted to transmit the beacon signal to the user.

Typical near-term falls risk estimation systems may not have access to information

regarding environmental hazards. As a result, such systems can be limited in accurately assessing

actual risk levels and, therefore, unable to comprehensively protect users from falls. Further,

some environmental hazards should, if possible, be modified to prevent fall events and potential

injuries from occurring. For example, areas that produce frequent slips or trips can be brought to

the attention of a responsible party, and people that are proximate such areas can be forewarned

of the potential risk associated with such areas.

Currently, the public is not typically able to warn others of potentially dangerous

situations that they encounter. Further, property owners and managers may not have an effective

way to monitor locations that may require repair or maintenance to prevent injuries from

occurring. For example, a manager at a grocery store would benefit from receiving notice that a

liquid spill, in a particular location of the store, is cleaned up within a certain period of time.

Various embodiments of fall prediction systems described herein can include at least one

beacon that can be deployed to provide environmental information to wirelessly connected

devices such as a hearing or other wearable device. This information can include the locations

and characteristics of present dangers or unsafe conditions such as stairways, debris, uneven

terrain, wet floors, icy floors, chemical spills, high-traffic areas, moving floors or escalators,

ramps, loose carpet, holes, etc. This information can be used to present or reinforce warning

alerts to the user of the receiving device. The receiving device or one or more controllers

operatively connected to one or both of the receiving device and the beacon can also use this

information to calculate risk levels for the user when the user is within proximity of or taking a

trajectory toward the hazardous area.



For example, one or more embodiments of fall prediction systems described herein can

utilize information from one or more beacons to either raise or lower fall risk levels or

confidence estimates regarding fall risk levels, for a user of the system, when the user

approaches an area that may include hazardous conditions. These risk level statistics may then

cause the fall risk system to provide a warning to the user, e.g., that the user should not enter the

hazardous area, that the user should take specific precautions, or that the user only enter the area

with assistance.

The various embodiments of beacons of the present disclosure can be virtual beacons,

physical beacons, or combinations of virtual and physical beacons, and can be deployed either

manually or automatically. For example, one or more virtual beacons can be assigned to

geofenced areas or areas within a certain distance from a location coordinate. Such virtual

beacons can be stored in the cloud so that any number of devices and users can access data

provided by the virtual beacon. Such data may be pushed out to users or requested by the users'

devices using, e.g., app pulls, device pulls, user queries, monitoring systems, etc. Further, virtual

beacons can be assigned by facility managers, first responders, park rangers, maintenance

workers, or other authorized administrators of a particular premises network. Virtual beacons can

also be crowd sourced such that end-users can contribute to a database of virtual beacon data that

can be accessed by other users. Crowd-sourced contributions can be assigned an expiration date

and time either by the user or by the system administrator. Virtual beacons can also be deployed

automatically when falls, near-falls, trips, stumbles, seizures, episodes of syncope, etc. are

detected in a particular location by tracking devices worn by users, environmental sensors, or by

visual observation and subsequent data entry into the database of the premises network.

Physical beacons can also be placed within proximity of one or more hazardous areas.

Such physical beacons can include wireless transceivers (e.g., Bluetooth, Bluetooth Low-Energy,

WiFi, etc.), radio frequency identifiers (RFID), acoustic signals, light (visible, laser, or infrared),

or induction loops that can be used to wirelessly transmit hazard information to receiving

devices. To adjust the area covered by the alert, the signal strengths of these beacons may be

adjusted or, alternatively, the coordinates of a geofenced location may be included in the

transmitted data packets. These transceivers can permit access to telecommunication networks,

mesh networks, or the internet. Physical beacons may also be equipped with a variety of sensors

to provide additional context and environmental information such as ambient temperature,



ambient light level, humidity level, wind speed, air quality, acoustic characteristics, etc. Physical

beacons may also be adapted to detect the presence of one or more posted warning signs or

signals (e.g., warning signs, safety cones, sirens, alarms, flashing lights, etc.). These physical

beacons can also contain global positioning systems (GPS) so that their locations can also be

virtualized and monitored remotely. Indoor positioning systems such as a premises network may

also be used with one or more beacons to provide positional information of hazards in and

around a structure.

Beacons can be placed in any suitable location. For example, in one or more

embodiments, one or more beacons can be placed proximate an entrance of a building or area

and provide information for the entire building. Further, multiple beacons disposed in and around

the building can be used to update information for the entire building, locate the user within the

building or space, and provide specific proximity warnings based upon tracking of the user

through that space. In one or more embodiments, one or more beacons can also be placed at the

site of the hazard or transmitted to the cloud if utilizing a virtual beacon.

Data from virtual and physical beacons can cause one or both of a fall prediction system

and premises network to generate one or more alerts that can be sent to users in any suitable

format, e.g., texts, visual display warnings, audio alerts, automated connection to audio streams,

etc. The data may also contribute to the calculation of a dynamically updating risk prediction

model.

The various embodiments of beacons described herein can be utilized with any suitable

system or network to provide hazard information to one or more users. In one or more

embodiments, one or more beacons can be utilized with a fall prediction system or method. The

various fall prediction systems and methods described herein can be utilized to determine

whether a user of such system or systems may have an increased probability of sustaining a fall.

Further, one or more embodiments of a fall prediction system described herein can provide one

or more outputs that can prevent the user of the system from falling. One or more embodiments

of a fall prediction system described herein can also be utilized to determine whether the user of

the device has experienced a fall.

Any suitable technique or techniques can be utilized with the described embodiments of

fall prediction systems. For example, in one or more embodiments, a fall prediction system can

include one or more sensors to detect, predict, and prevent its user from falling. Such sensors can



include, e.g., one or more of a microphone, a loudspeaker, an accelerometer, a barometer, a

magnetometer, a gyroscope, an electrode sensor, and an optical sensor. In one or more

embodiments, an accelerometer can be utilized with one or both of a magnetometer and

gyroscope for fall prediction and detection. For example, detection of a fall of the user can be

accomplished by detecting, e.g., the speed of change of posture while the relative orientation of

both the system and the user remain the same, and body rotation of the user, etc. Postural

stability can include detection of a fluctuation in a magnitude and direction of acceleration as the

user goes about daily activities. Such detection can also include day-to-day variations in heart

rate during comparable activities. Both the long-term and short-term risks of a fall can be

predicted. In general, the long-term risk is the probability of falling based on the user's long-term

history of health, motion, physiological patterns, social engagement, etc. Further, the short-term

fall risk can indicate the fall risk, at the moment, based on the current physiological status of the

user and the environment proximate the user (e.g., slippery floors) that can be detected by one or

more beacons.

In one or more embodiments, the fall prediction system can include one or more sensors

that measure eye movement (e.g., videonystagmography, electrooculography (EOG)

measurements, etc.). For example, the system can include one or more EOG sensors for the

tracking of eye movement and nystagmus. In one or more embodiments, the system can also

include a positional sensor that may be utilized to correlate EOG sensor data. Similarly, one or

more cameras may be used to track at least one of eye and body movements. Data from the eye-

tracking sensors and positional sensors can be utilized to detect peripheral vestibular asymmetry

(which can cause nystagmus and feelings of imbalance/dizziness to occur).

Redundant positional sensors that can be provided by a fall prediction system and that

include one or more wearable devices and one or more a hazard beacons can also be used to

detect falls. Further, the use of separate, but redundant, positional sensors can provide a system

with reduced false-positive fall detections.

Any suitable fall prediction system or device can be utilized for fall prediction,

prevention, and/or detection. For example, FIG. 1 is a schematic cross-section view of one

embodiment of a fall prediction system 10. The fall prediction system 10 includes a head-worn

device 12 for a user, a sensor 14 operatively connected to the head-worn device, a beacon 18

operatively connected to the head-worn device, and a controller 16 operatively connected to at



least one of the head-worn device and the beacon. As used herein, the term "operatively

connected" means that an element or component can be connected to another element or

component using any suitable technique or techniques such that information can be shared

between such components. In one or more embodiments, the sensor 14 and the hazard beacon 18

can be operatively connected to the head-worn device 12 by a wire or cable, wirelessly using any

suitable wireless protocol, optically, etc. Although not shown, the fall prediction system 10 can

also include one or more accessories that are operatively connected to one or both of the head-

worn device 12 and the controller 16 as is further described in U.S. Patent Application No.

15/858,680, field December 29, 2017, and entitled FALL PREDICTION SYSTEM

INCLUDING AN ACCES SORY AND METHOD OF USING SAME. In one or more

embodiments, at least one of the beacon 18 and the controller 16 can be adapted to transmit a

beacon signal to a premises network 20 as is further described herein.

Operatively connected to the head-worn device 12 is the beacon 18. Although described

in relation to the fall prediction system 10, the beacon 18 can be utilized with any suitable system

or network to provide information regarding a hazard. In one or more embodiments, the beacon

18 can also be operatively connected to one or both of the controller 16 and the sensor 14. In one

or more embodiments, the beacon 18 is adapted to detect one or more hazards and generate a

beacon signal based on the detected hazard.

In general, data from the beacon 18 (i.e., beacon data) can be utilized to assist in

determining one or both of a fall risk value and a fall risk threshold of the user using any suitable

technique or techniques. In one or more embodiments, the beacon 18 along with the sensor 14

can provide an ecosystem that can enhance the overall performance of the fall prediction system

(e.g., sensitivity, specificity) through signal redundancy with signals provided by the sensor 14.

In one or more embodiments, one or more signals from the beacon 18 can be compared with one

or more signals from the sensor 14 to determine the accuracy of data being collected by the

sensor.

The beacon 18 can include any suitable beacon or beacons. For example, the beacon 18

can be a physical beacon, a virtual beacon, or a combination of a physical beacon and a virtual

beacon. In one or more embodiments, the beacon 18 can include one or more warning signs,

lights, audible warning sounds, etc. that can provide one or more warnings to the public of the

particular hazard. In further embodiments, a virtual beacon or information relating to a beacon



may be adapted to be displayed to a user through any suitable techniques for presenting an

augmented or virtual reality.

The beacon 18 can include any suitable physical beacon. For example, FIG. 6 is a

schematic cross-section view of one embodiment of a physical beacon 500. The beacon 500

includes a controller 502, a transceiver 504, a sensor 506, and an optional user interface 508. The

transceiver 504, sensor 506, and user interface 508 are operatively connected to the controller

502 using any suitable technique or techniques. Although not shown, the beacon 500 can also

include one or more elements or devices that are adapted to provide information to the user or

the public, such as speakers, signage, lights, etc.

The controller 502 can include any suitable controller or controllers, e.g., controller 122

of fall prediction system 100 of FIG. 2 . Further the transceiver 504 can include any suitable

transceiver or transceivers, e.g., transceiver 130 of FIG. 2 . In one or more embodiments, the

transceiver 504 can include a wireless transceiver. The transceiver 504 can be adapted to send

and receive information or data to and from the beacon 500 using any suitable technique or

techniques.

The sensor 506 can include any suitable sensor or sensors. In one or more embodiments,

the sensor 506 can include at least one of a thermometer, camera, microphone, hygrometer,

anemometer, infrared camera, proximity sensor, motion sensor, radar, and sonar. The sensor 506

can be utilized to detect any type of hazard or hazards. In one or more embodiments, the sensor

506 is adapted to detect at least one of a wet floor, surface color change, stairway, clutter, debris,

uneven terrain, crack in a walkway, inadequate lighting, poor contrast between objects (e.g.,

floors and walls of similar color), broken or absent grab bar on a wall, poorly arranged or out-of-

place furniture, high cupboard or shelving, over-grown vegetation, pet, child, unstable furniture,

power cord, low seat (including toilet), low bed, high doorway threshold, chemical spill, icy

floor, high-traffic area, moving floor or escalator, ramp, hole, steep or hard to see edge, rug,

loose carpet, and dangerous or risky behavior (e.g., an individual standing on a chair).

The beacon 500 can also include the optional user interface 508. Such user interface 508

can include any suitable user interface, e.g., one or more of a keyboard, a display, a touch screen,

joystick, control buttons, voice-activated circuitry, etc. In one or more embodiments, the user

interface 508 can be utilized to manually input information regarding one or more hazards. For

example, in one or more embodiments, a location or severity of the hazard, the number of falls or



trips caused by the hazard, etc. can be manually input into the beacon 500 utilizing the user

interface 508. Such information can be transmitted to a network such as the premises network 20

of FIG. 1 so that it is accessible to the public. The beacon 500 can include preselected input

parameters that can be chosen from a menu by a user, e.g., what kind of spill, a physical size of

the spill, etc. A user may utilize an input device with location services (e.g., GPS) to mark the

path of a hazardous pathway or to trace the perimeter of the hazardous area. Further, the user can

speak to the beacon 500 or use the user interface 508 to input information. For example, the user

could input information through a home device or voice assistant such as Google Home or

Amazon Alexa. For example, the user can tell the device that the bathroom floor is wet. Such

information can then be repeated to others who enter the bathroom in addition to being utilized

as one or more inputs to a fall risk prediction model.

The beacon 500 can take any suitable shape or shapes and be disposed in any suitable

location relative to one or more potential hazards. In one or more embodiments, the beacon 500

can be adapted to be disposed on the ground adjacent a hazard to provide the public and users of

a fall prediction system that a hazard is nearby. In one or more embodiments, the beacon 500 can

be adapted to be mounted on a wall or stand adjacent the hazard. Further, the beacon 500 can be

adapted to be mounted to a ceiling or above the hazard.

In one or more embodiments, an augmented or virtual reality display may act as a beacon

to draw further attention to, highlight, cover, or obscure view of a hazard or an area proximate to

a hazard. For example, three-dimensional (3D) audio may be synthesized to generate audio cues

that appear to be emanating from a spatial location at or about the hazard. Any suitable

techniques for generating spatialized audio may be used. The sound generated at the virtually

spatialized location can be any broadband sound, such as complex tones, noise bursts, human

speech, music, etc., or a combination of these and other types of sound. In various embodiments,

the head-worn device 12 can be adapted to generate binaural or monaural sounds, alone or in

combination with spatialized 3D virtual sounds. The binaural and monaural sounds can be any of

those listed herein, including single-frequency tones.

In one or more embodiments, the head-worn device 12 or hazard beacon 18 can be

adapted to generate human speech that guides the individual to avoid a hazard or to modify risky

behaviors. For example, the system 10 can instruct an individual to choose an alternative walking

path or to veer to one direction in avoidance of a hazard. The speech can be synthesized speech,



a pre-recording, or real speech. In one or more embodiments, a synthesized 3D virtual audio

target can be generated at the specified location relative to individual's current position, and the

individual may literally follow an auditory object or virtual audio target through space.

Returning to FIG. 1, the beacon 18 can be operatively connected to the head-worn device

12 using any suitable technique or techniques. In one or more embodiments, the beacon 18 can

be connected to the head-worn device 12 using any suitable wireless technology, e.g., Bluetooth

Classic, Bluetooth Low-Energy, 900 MHz, 2.4 GHz, ISM frequencies, NFMI, FM, Wi-Fi, LTE,

and combinations thereof. Any suitable technique or techniques can be utilized to operatively

connect the beacon 18 to the head-worn device 12, e.g., one or more of the techniques described

in U.S. Patent No. 8,169,938, entitled COMMUNICATION SYSTEM FOR WIRELESS AUDIO

DEVICES.

The beacon 18 is adapted to detect a hazard and generate a beacon signal based on the

detected hazard. Such beacon signal can include data that is representative of the hazard. In one

or more embodiments, the beacon signal generated by the beacon 18 can be transmitted by at

least one of the beacon and the controller 16 to one or more of the caregiver, medical profession,

the user, and the premises network 20. In one or more embodiments, an alert based upon beacon

data generated by the beacon 18 can also be generated by the premises network 20, the cloud, or

a combination thereof. The beacon signal can include any suitable information, e.g., at least one

of a location of the hazard, a proximity warning based on a distance between the user and the

hazard, a description of the type of hazard, a characterization of the hazard, the risk value (e.g.,

risk statistics) of the hazard, the number of falls, stumbles, seizures, and episodes of syncope

caused by the hazard, sensor data collected relating to the hazard, a time stamp of when the

hazard began to affect its surroundings, predictions regarding the hazard in a future time,

recommended precautions for the user and responsible parties, etc.

The beacon 18 can also connect to the internet and store data in the cloud. This can allow

caregivers and premises managers to monitor the location, severity, and progress of a hazard.

This can further allow peers to compete and interact with each other and permit healthcare

providers, caregivers, and premises managers to monitor progress of users in response to

hazards. For example, a facility manager may track employee performance as it relates to

alleviating hazards within their facility. As another example, a healthcare provider may track a

user's ability to navigate around or through hazardous areas.



In one or more embodiments, the beacon 18 can be adapted to transmit data

representative of the hazard to the premises network 20. Such premises network 20 can include

any network that is adapted to locate one or more hazards, collect data regarding such hazards,

and transmit the data to at least one of a premises manager and the public. The premises network

20 can include one or more beacons that can communicate with at least one of the network and

one or more additional beacons.

In one or more embodiments, the beacon 18 can include a smart beacon that is adapted to

analyze a hazard or several hazards and provide various information regarding such hazards. For

example, the beacon 18 can be adapted to classify the degree of danger presented by the

identified hazard, i.e., a fall risk value or statistic associated with the detected hazard. In one or

more embodiments, the beacon 18 can be adapted to classify the behavior of persons, animals,

and androids within the environment proximate to the beacon. For example, the beacon 18 can

be adapted to identify risky behaviors such an individual standing on a chair and further classify

the degree of danger presented by the observed activity. In another example, the beacon 18 can

identify a pet at or about the legs and feet of an individual and further classify the degree of

danger presented to the individual by the animal's behavior.

Further, in one or more embodiments, the beacon 18 can provide information regarding

the likelihood that the hazard or behaviors can cause a fall or other injury. For example, a wet

floor and an icy floor may both cause a fall; however, a likelihood of a fall caused by a wet floor

versus an icy floor may be different. In such circumstances, the beacon 18 may take into

consideration the likelihood of a fall or injury from a particular hazard when calculating the fall

risk value. In one or more embodiments, such beacons 18 can provide location, timing, sensor

data, and classification of how conditions are progressing or changing, and predict how these

changes are trending based upon previously observed data, e.g., through machine learning.

As mentioned herein, the beacon 18 can include a virtual beacon that can be stored in at

least one of the cloud and the premises network 20. Such virtual beacon 18 can utilize any

suitable technique or techniques to fix a location of a hazard or hazards and store information

regarding the hazard, e.g., type of hazard, fall risk value or statistics assigned to the hazard,

duration of the hazard, recommended precautions for the user and responsible parties, etc. As

mentioned herein, the virtual beacon 18 can be crowd-sourced such that the public can enter data



regarding a hazard into at least one of the cloud and the premises network 20 to warn other

members of the public about the hazard.

As mentioned herein, the fall prediction system 10 can also include the sensor 14, which

is adapted to detect a characteristic of the user, e.g., at least one of a physiological characteristic

and an environmental characteristic and generate a sensor signal based on such characteristic. In

one or more embodiments, the controller 16 is adapted to determine a fall risk value and statistics

based on the sensor signal, compare the fall risk value to a fall risk threshold, and generate a fall

prevention output if the fall risk value crosses or exceeds a fall risk threshold as is further

described herein. In one or more embodiments, the controller 16 can be adapted to determine a

second fall risk value and statistics based on the sensor signal, compare the second fall risk value

to a second fall risk threshold, and generate a second fall prevention output if the second fall risk

value crosses or exceeds the second fall risk threshold. In one or more embodiments, the

controller 16 can be adapted to determine any suitable number of risk values and compare those

values to any suitable number of fall risk thresholds.

The system 10 can include any suitable head-worn device 12 for a user. The head-worn

device 12 can include any suitable ear-worn or head-worn device such as a hearing device,

glasses, contacts, etc. In one or more embodiments, the head-worn device 12 can be a wearable

hearing device such as a hearing aid, headphones, etc. For example, the head-worn device 12 can

be a hearing device that can include a hearing aid such as behind-the-ear (BTE), in-the-ear (ITE),

in-the-canal (ITC), or completely-in-the-canal (CIC) type hearing aid. It is understood that

behind-the-ear type hearing aids may include devices that reside substantially behind the ear or

over the ear. Such devices may include hearing aids with receivers associated with the

electronics portion of the behind-the-ear device, or hearing aids of the type having receivers in

the ear canal of the user. Such devices are also known as receiver-in-the-canal (RIC) or receiver-

in-the-ear (RITE) hearing devices. In one or more embodiments, the head-worn device 12 can

include a cochlear implant (including its processor) or a bone-conduction or otherwise

osseointegrated hearing device. It is understood that other head-worn devices not expressly

stated herein may fall within the scope of the present subject matter. While depicted as including

one head-worn device 12, the system 10 can include two or more head-worn devices. For

example, in one or more embodiments, the system 10 can include a left hearing device that is



adapted to be acoustically connected to the user's left ear and a right hearing device that is

adapted to be acoustically connected to the user's right ear.

The head-worn device 12 can include any suitable electronic components or circuitry. In

one or more embodiments, the head-worn device 12 can include head-up display glasses that

include any suitable electronic components or circuitry as described, e.g., in U.S. Patent

Publication No. 2014/0266988, entitled AUTONOMOUS COMPUTING AND

TELECOMMUNICATIONS HEAD-UP DISPLAYS GLASSES.

Further, in one or more embodiments, the head-worn device 12 can include a hearing

device. For example, FIG. 2 is a schematic cross-section view of one embodiment of a hearing

device 100 that can be utilized for the head-worn device 12 of system 10. The device 100

includes a housing 110 and hearing assistance components 120 disposed within the housing.

Hearing assistance components 120 can include any suitable device or devices, e.g., integrated

circuits, power sources, microphones, receivers, etc. For example, in one or more embodiments,

the components 120 can include a controller 122 (e.g., controller 16 of FIG. 1), a microphone

124, a receiver 126 (e.g., speaker), a power source 128, an antenna 130, and one or more sensors

134, 136 (e.g., sensor 14 of FIG. 1). The microphone 124, receiver 126, power source 128,

antenna 130, and sensors 134, 136 can be electrically connected to the controller 122 using any

suitable technique or techniques.

Any suitable controller 122 can be utilized with the hearing device 100, e.g., the same

controller or controllers described regarding controller 16 of system 10 of FIG. 1 . For example,

the controller 122 can be adapted to employ programmable gains to adjust the hearing device

output to a patient's particular hearing impairment. The controller 122 can be a digital signal

processor (DSP), microprocessor, microcontroller, other digital logic, or combinations thereof.

The processing can be done by a single processor, or can be distributed over different devices.

The processing of signals referenced in this disclosure can be performed using the controller 122

or over different devices.

In one or more embodiments, the controller 122 is adapted to perform instructions stored

in one or more memories 132. Various types of memory can be used, including volatile and

nonvolatile forms of memory. In one or more embodiments, the controller 122 or other

processing devices execute instructions to perform a number of signal processing tasks. Such

embodiments can include analog components in communication with the controller 122 to



perform signal processing tasks, such as sound reception by the microphone 124, or playing of

sound using the receiver 126.

In general, digital hearing devices include a controller or processor. In such devices,

programmable gains may be employed to adjust the hearing device output to a user's particular

hearing impairment. The controller 122 (and controller 16 of FIG. 1) may be a digital signal

processor (DSP), microprocessor, microcontroller, other digital logic, or combinations thereof.

The processing may be performed by a single processor, or may be distributed over different

devices. The processing of signals referenced in this application can be performed using the

processor or other different devices. Processing may be done in the digital domain, the analog

domain, or combinations thereof. Processing may be done using subband processing techniques.

Processing may be done using frequency domain or time domain approaches. Some processing

may involve both frequency and time domain aspects. For brevity, in some examples drawings

may omit certain blocks that perform frequency synthesis, frequency analysis, analog-to-digital

conversion, digital-to-analog conversion, amplification, buffering, and certain types of filtering

and processing. In various embodiments, the processor is adapted to perform instructions stored

in one or more memories, which may or may not be explicitly shown. Various types of memory

may be used, including volatile and nonvolatile forms of memory. In various embodiments, the

processor or other processing devices execute instructions to perform a number of signal

processing tasks. Such embodiments may include analog components in communication with the

processor to perform signal processing tasks, such as sound reception by a microphone, or

playing of sound using a receiver (i.e., in applications where such transducers are used). In

various embodiments, different realizations of the block diagrams, circuits, and processes set

forth herein can be created by one of skill in the art without departing from the scope of the

present subject matter.

The hearing assistance components 120 can also include the microphone 124 that is

electrically connected to the controller 122. Although one microphone 124 is depicted, the

components 120 can include any suitable number of microphones. Further, the microphone 124

can be disposed in any suitable location within the housing 110. For example, in one or more

embodiments, a port or opening can be formed in the housing 110, and the microphone 124 can

be disposed adjacent the port to receive audio information from the user's environment.



Any suitable microphone 124 can be utilized. In one or more embodiments, the

microphone 124 can be selected to detect one or more audio signals and convert such signals to

an electrical signal that is provided to the controller 122. Although not shown, the controller 122

can include an analog-to-digital converter that converts the electrical signal from the microphone

124 to a digital signal.

Electrically connected to the controller 122 is the receiver 126. Any suitable receiver can

be utilized. In one or more embodiments, the receiver 126 can be adapted to convert an electrical

signal from the controller 122 to an acoustic output or sound that can be transmitted from the

housing 110 to the user. In one or more embodiments, the receiver 126 can be disposed adjacent

an opening 112 disposed in a first end 114 of the housing 110. As used herein, the term "adjacent

the opening" means that the receiver 126 is disposed closer to the opening 112 in the first end

114 than to a second end 116 of the housing 110.

The power source 128 is electrically connected to the controller 122 and is adapted to

provide electrical energy to the controller and one or more of the other hearing assistance

components 120. The power source 128 can include any suitable power source or power sources,

e.g., a battery. In one or more embodiments, the power source 128 can include a rechargeable

battery. In one or more embodiments, the components 120 can include two or more power

sources 128.

The components 120 can also include the optional antenna 130. Any suitable antenna or

combination of antennas can be utilized. In one or more embodiments, the antenna 130 can

include one or more antennas having any suitable configuration. For example, antenna

configurations can vary and can be included within the housing 110 or be external to the

housing. Further, the antenna 130 can be compatible with any suitable protocol or combination

of protocols. In one or more embodiments, the components 120 can also include a transmitter

that transmits electromagnetic signals and a radio-frequency receiver that receives

electromagnetic signals using any suitable protocol or combination of protocols.

For example, in one or more embodiments, the hearing device 100 can be operatively

connected to one or more external accessories or devices 102 (e.g., beacon 18 of FIG. 1) using,

e.g., Bluetooth, Wi-Fi, magnetic induction, etc. For example, in one or more embodiments, the

hearing device 100 can be wirelessly connected to the Internet using any suitable technique or

techniques. Such connection can enable the hearing device 100 to access any suitable databases,



including medical records databases, cloud computing databases, location services, etc. In one or

more embodiments, the hearing device 100 can be wirelessly connected utilizing the Internet of

Things (IoT) such that the hearing device can communicate with, e.g., hazard beacons, one or

more cameras disposed in proximity to the user, motion sensors, room lights, etc. Further, in one

or more embodiments, the hearing device 100 can access weather information via the Internet

using any suitable technique or techniques such that the user can be informed of potentially

hazardous weather conditions.

In one or more embodiments, the hearing device 100 can include the first sensor 134 and

the second sensor 136. Although depicted as including two sensors 134, 136, the hearing device

100 can include any suitable number of sensors, e.g., 1, 2, 3, 4, 5, or more sensors. The sensors

134, 136 can include any suitable sensor or sensors, e.g., the same sensors described herein

regarding sensor 14 of system 10 of FIG. 1 . The first sensor 134 can include the same sensor as

the second sensor 136. In one or more embodiments, the first sensor 134 includes a sensor that is

different from that of the second sensor 136. The sensors 134, 136 can be operatively connected

to the controller 122 using any suitable technique or techniques. Although depicted as being

disposed within the housing 110 of the hearing device 100, one or both of the sensors 134, 136

can be disposed in any suitable location relative to the hearing device. Further, in one or more

embodiments, one or both of the sensors 134, 136 can be associated with the external device 102,

e.g., disposed within the device, operatively connected to the device, etc.

In one or more embodiments, first sensor 134 is operatively connected to the hearing

device 100 and adapted to detect a first characteristic of the user and generate a sensor signal

based on the first characteristic. In one or more embodiments, the second sensor 136 is

operatively connected to the hearing device 100 and adapted to detect a second characteristic of

the user and generate a second sensor signal based on the second characteristic. The first and

second characteristic of the user can be any suitable characteristic, e.g., at least one of a

physiological characteristic and an environmental characteristic of the user. The controller 122

can be adapted to determine a fall risk value based on the sensor signal from the first sensor 134

and the second sensor signal from the second sensor 136. The first and second characteristics can

include any suitable characteristic, e.g., the same characteristic or characteristics described

herein regarding sensor 14 of system 10 of FIG. 1 . The characteristic detected by the first sensor

134 can be the same as or different from the second characteristic detected by the second sensor



136. For example, in one or more embodiments, the characteristic detected by the first sensor

134 can be eye movement of the user and the second characteristic detected by the second sensor

136 can be head movement of the user. In such embodiments, the controller 122 can be adapted

to determine the fall risk threshold by measuring a maximum displacement between a

longitudinal axis of the user and a normal to the earth's surface as a function of time based on the

second sensor signal 136. In one or more embodiments, the controller 122 can be adapted to

determine the fall risk threshold by measuring a maximum velocity of displacement between a

longitudinal axis of the user and a normal to the earth's surface based on the second sensor

signal.

Returning to FIG. 1, the sensor 14 is operatively coupled to the head-worn device 12. The

sensor 14 can be operatively coupled to the device 12 using any suitable technique or techniques,

e.g., electrical, optical, or wireless coupling. The sensor 14 can be disposed in any suitable

location. In one or more embodiments, the sensor 14 can be a component of hearing assistance

components of the head-worn device 12, e.g., such as sensors 134, 136 of hearing assistance

components 120 of FIG. 2 . In one or more embodiments, one or more sensors 14 can be disposed

outside of the housing of the head-worn device 12 and operatively coupled to the device and the

controller 16 using any suitable technique or techniques. In one or more embodiments, one or

more sensors can be associated with the beacon 18. In one or more embodiments, one or more

sensors 14 can be disposed within one or both ears and outside the ear of the user.

The sensor 14 can include any suitable sensor or sensors. For example, the sensor 14 can

include at least one of an accelerometer, barometer, gyroscope, heart rate sensor, blood pressure

sensor, magnetometer, eye sensor, EEG sensor, blood sugar sensor, light sensor, sweat sensor,

pupillometry sensor, cerumen sensor, Cortisol sensor, body temperature sensor, humidity sensors,

air quality sensor and combinations thereof. The sensor 14 can be adapted to detect any suitable

characteristic of the user, e.g., at least one of a physiological characteristic and an environmental

characteristic of the user. For example, the physiological characteristic can include at least one of

body position, eye movement, body temperature, heart rate, EEG, skin impedance, and

combinations thereof.

Further, in one or more embodiments, the sensor 14 can be adapted to detect one or more

environmental or ambient characteristics proximate to the user of the head-worn device 12. For

example, such sensor 14 can include at least one of an ambient temperature sensor, barometer,



microphone, GPS sensor, moisture/humidity sensor, image sensor (i.e., a camera), and

combinations thereof. The sensor 14 can be adapted to detect any suitable environmental

characteristic or characteristics, e.g., temperature, moisture/humidity, sound, light intensity,

terrain, elevation, ambient oxygen levels, pollutants, toxins, carbon monoxide levels, posted

warning signs or signals, and combinations thereof.

Operatively connected to the head-worn device 12 is the controller 16. In one or more

embodiments, the controller 16 can also be operatively connected to one or both of the sensor 14

and the beacon 18. The controller 16 can include any suitable controller or controllers, e.g., the

same controller described regarding controller 122 of the hearing device 100 of FIG. 2 . The

controller 16 can be disposed in any suitable location relative to the head-worn device 12 and the

sensor 14. In one or more embodiments, the controller 16 is disposed within the housing of the

head-worn device 12, e.g., within housing 110 of hearing device 100 of FIG. 2 . In one or more

embodiments, the controller 16 can be disposed external to the head-worn device 12 such that it

is associated with an accessory such as a smartphone, e.g., disposed within the accessory,

operatively connected to the accessory, etc. In one or more embodiments, the controller 16 can

include a first controller disposed within the head-worn device 12 and a second or additional

controllers disposed externally to the head-worn.

The controller 16 can be adapted to perform any suitable function or functions to process

inputs from any suitable source or sources such as the sensor 14 and the beacon 18 and provide

an estimation of the risk of a fall. In one or more embodiments, the controller 16 can be adapted

to detect falls.

For example, FIG. 3 is a flow chart of one embodiment of a method 200 of predicting and

detecting a fall event. Although described in regard to the fall prediction system 10 of FIG. 1, the

method 200 can be utilized with any suitable system or device. In one or more embodiments, the

method 200 includes generating a long-term fall estimation model 202, generating a short-term

fall estimation model 204, and detecting a fall event 206.

For generating one or more of the long-term fall estimation model 202, the short-term fall

estimation model 204, and the fall event detection 206, a risk or probability value of a fall can be

based on a predetermined formula or formulas that can be derived from experimental data. The

formula can also be entirely learned or modified through various machine learning approaches.

For example, when a fall event is detected at 206, the method 200 can send data collected before



the event by one or more sensors 14 and the beacon 18 to, e.g., a cloud server 212. In one or

more embodiments, data from the user and other users can be used to train a regression model or

deep neural network to estimate the risk of a fall for an individual user.

At each stage 202, 204, 206, different actions can be taken or outputs provided to aid in

preventing a fall or reducing the severity of a fall. For example, when a long-term risk value 214

generated by the long-term fall estimation model 202 is determined to crosses or exceeds a fall

risk threshold, the system 10 can generate a fall prevention output that includes notifying one or

more of the user, caregiver, and medical professional for proper diagnosis and treatment. The fall

risk threshold can be based upon any suitable data, e.g., data from one or more sensors 14 and

one or more beacons 18 of the system 10. When a short-term fall risk value 218 generated by the

short-term estimation model 204 crosses or exceeds a fall risk threshold, the system 10 can

generate a fall prevention output that includes sending a warning signal to the user, increasing an

intensity of the ambient light for the user's environment, notifying other IoT devices proximate

to the user to help prevent the fall or otherwise protect the user from injury, etc. If a fall event is

detected at 206, the system 10 can monitor the user's physiological characteristics, notify a

caregiver, notify a medical professional, etc.

The long-term fall estimation model 202 can be generated from analytics or machine

learning of larger group data using any suitable technique or techniques, e.g., regression, steady-

state, Bayesian, classification trees, Volterra, support vector machine, Gaussian mixture, neural

network techniques, and combinations thereof.

The long-term estimation model 202 can provide an estimate or probability of the general

risk (or capability of keeping balance) of the user and learn the user's norms regarding motion

patterns and health/physiological information. Inputs for generating the long-term fall estimation

model 202 can either be obtained based on clinical evaluations and medical history, or be learned

by the fall prediction system 10 from inputs provided by various types of sensors, e.g., sensor 14.

For example, motion patterns of the user and changes to such patterns can be estimated and

monitored based on the outputs from one or more of an inertial measurement unit (IMU) sensor,

GPS sensor, barometer, magnetometer, EEG sensor, camera, etc. The motion of the user may

include sway amplitude and speed while walking, speed and trajectory when sitting down or

standing up, speed and radius when turning, stride length, symmetry and variance, reaction

speed, etc. In one or more embodiments, physiological characteristics that can be provided as



inputs to the long-term estimation model 202 include heart rate, blood pressure, blood sugar,

blood oxygen, core body temperature, etc., and can be monitored utilizing any suitable sensor or

sensors 14. All such inputs and how they change over time can be monitored and used to

estimate the long-term fall risk 214 (i.e., how prone the user is to a fall).

Any suitable inputs can be utilized to generate the long-term fall estimation model 202.

For example, in one or more embodiments, data inputs 208 such as sensor and accessory data

from one or more sensors (e.g., sensor 14) and one or more beacons or accessories (e.g., beacon

18) related to physiological characteristics of the user, environmental data regarding the

environment proximate to the user (i.e., an environmental characteristic of the user), data

regarding one or more hazards, and combinations of physiological and environmental

characteristics or data can be utilized by the long-term estimation model 202 to determine the fall

risk value 214. Medical/health reports 210 regarding the user can also be provided as inputs to

the long-term fall estimation model 202. Further, group data from the cloud 212 can also be

provided as inputs to the long-term fall estimation model 202.

The method 200 further includes generating the short-term fall estimation model 204. In

one or more embodiments, the model 204 can generate a short-term fall risk value or probability.

Such short-term fall risk value 218 can be based on any suitable input or inputs. For example, in

one or more embodiments, this risk value 218 can be based on the detection of one or more

signature indicators, such as abnormal eye movement, sudden drop of blood pressure or blood

sugar, abnormal heart rate, sudden increase of sway speed and amplitude, a quick change in

elevation, ambient temperatures near freezing, etc. The seriousness of the detected inputs can be

derived by comparing such inputs to averaged norms of the user's age group and then, together

with certain environmental data, used to estimate the short-term fall risk value 218.

Further, typical patterns of the user can be provided as inputs 216 to the short-term fall

estimation model 204. Such typical patterns 216 can be determined based upon various

parameters, including gait, postural transitions, and general activity levels of the user. For

example, the user's typical patterns 216 can be determined based upon, e.g., walking speed,

cadence, gait symmetry and variance, step clearance, sway, speed of postural transitioning (how

long it takes to stand up or sit down), total number of steps per day, number of transitions each

day, number of walks per day, distance or duration of each walk on average, total walking

distance per day, etc.



In one or more embodiments, the averaged group norms can be replaced by the values

that are adjusted based on the user's normal behaviors that are learned when generating the long-

term fall estimation model 202. The user's long-term fall risk value 214 can also be an input for

the short-term fall estimation model 204 when generating the short-term fall risk value.

Various sensors 14 (e.g. IMU, barometer), accessories, and beacons 18 can be used to

detect a fall, near fall, or stumble 220 at 206. The short-term and long-term fall risk values 214,

218 can also be incorporated to improve a confidence interval of the fall detection 206 and

reduce false positives. In addition, physiological data collected before the fall event 220 can be

used to help analyze a reason or reasons for the fall 222. Any suitable technique or techniques

can be utilized to store, transmit, and analyze the physiological data once a fall event or near fall

event has been detected.

In one or more embodiments, the method 200 can include one or more feedback

pathways 224 for individualizing one or more of the long-term fall estimation model 202 and the

short-term fall estimation models 204.

Returning to FIG. 1, the fall prediction system 10 can be utilized to receive input

information and determine the likelihood or probability that the user of the fall prediction system

will fall. In one or more embodiments, the fall prediction system 10 can be utilized to receive

input information from any suitable source to determine whether the user has fallen. The input

information can be provided using any suitable sensor, beacon, or accessory. For example, the

input information can be provided to the controller 16 by the sensor 14, the head-worn device 12,

the beacon 18, manually by one or more of the user, a caregiver, a medical professional, and a

premises manager, or obtained from other systems via wired or wireless connections to system

10.

Further, the fall prediction system 10 can provide any suitable outputs that can be based

on the probability of a fall or that a fall has occurred. Any suitable output or outputs can be

provided by the system 10, e.g., notifications, reports, IoT triggers (e.g., activating room

lighting), treatments to the user of the device 12, etc. In one or more embodiments, the system 10

can be utilized to detect head or body impact, check with the user for consciousness, and inform

one or more of the user, caregiver, and medical professional of the detection of a head or body

impact and level of consciousness of the user.



The fall prediction system 10 can utilize any suitable technique or techniques to

determine the risk of a fall and/or that a fall has occurred. For example, in one or more

embodiments, the controller 16 can be adapted to determine a fall risk value or statistic based on

one or more inputs. The fall risk value or statistic can be any suitable value or statistic that

correlates to a probability that the user may experience a fall.

Further, any suitable technique or techniques can be utilized to determine the fall risk

value or statistic. For example, the controller 16 can be adapted to determine the fall risk value or

statistic based on a sensor signal generated by one or both of the sensor 14 and the beacon 18.

The sensor signal can be based on one or more physiological, behavioral, and/or environmental

characteristics detected by the sensor 14 or beacon 18. The controller 16 can be further adapted

to determine the fall risk value based on other inputs as well. For example, in one or more

embodiments, one or more inputs can be provided by one or more of the user, the caregiver, and

the physician. For example, one or more inputs can be provided by the user in response to one or

more queries provided, e.g., by the head-worn device 12, the beacon 18, an accessory, the

caregiver, or the physician.

In one or more embodiments, postural transition or sway (e.g., displacement of the head

of the user in three dimensions) of the user can be monitored to determine a fall risk value. Any

suitable sensor or sensors 14 can be utilized to determine postural sway or stability, e.g., one or

more of an accelerometer, gyroscope, microphone, barometer, optical sensor, and bioelectrical

sensor. In one or more embodiments, the sensor 14 can include an accelerometer and a

gyroscope as the primary sensors for postural balance and fall-risk monitoring and the other

sensors can be secondary sensors. For example, a secondary sensor can include a microphone

that may be used for detecting footfalls or a fall event. Further, a barometer may be used to

detect stair climbing or a fall event. In addition, an optical sensor may be used for measuring

heart rate and other biosignals. A bioelectric sensor may be used for monitoring electro-, cardio-,

encephalo-, occulo-, and myo-graph signals from any location on the head and body of the user.

In general, there can be multiple activities and postures during which one may fall down,

most commonly walking and standing, transitions between postures such as movement between

standing and sitting, etc. There can be identifiable physiological events that precede the fall, such

as postural hypotension. Further, there can be identifiable behavioral characteristics or events

that precede a fall, such as engaging in risky behaviors.



One or more physiological or environmental sensors 14 may be employed to identify a

"prodrome" of a postural instability. Some possible techniques of using this sensor information

for this purpose can be used individually or in combination.

For example, in one or more embodiments, the sensor 14 can include one or more of an

accelerometer, a gyroscope, a magnetometer, and a camera. Further, the sensor 14 can be

disposed in the head-worn device 12, the beacon 18, an accessory (not shown), or operatively

connected to one or more of the head-worn device, the beacon, and the accessory. Signals form

the sensor 14 can be used to compute and monitor a deviation from a stable position and a

velocity with which the deviation takes place. In one or more embodiments, the controller 16 can

utilize the signal inputs from the sensor 14 to generate a measure of postural stability. Postural

stability can be recorded during normal daily activities, including standing, walking, postural

transitions, and climbing stairs. In one or more embodiments, postural stability can be recorded

during structured activities such as exergames. A threshold of normal stability can be established

based on clinical postural stability testing, during typical activities of daily living, or during a

user-initiated initialization involving one or more of these activities. Measurements in case of a

recorded fall can be used to adjust the threshold, if appropriate.

Acceleration of the head of the user while walking is complex, with the most prominent

feature in the unprocessed accelerometer signal being that of the footfall. Adding to this

complexity can be stabilization of the head by the neck. Footfall signals may be diminished by

neck stabilization but can still be detectable. Vestibular-ocular reflexes can also be measured as

the eye will attempt to stabilize the individual's visual field with each step. In one or more

embodiments, head oscillation in three dimensions (antero-posterior (AP), lateral, and vertical)

can be measured. Components of the displacement and the velocity in each dimension can be

computed as measures of the postural stability. Although generally correlated and constrained by

the body, the head can move relatively independently, which introduces artifacts. To mitigate

these artifacts, in one or more embodiments, the velocity and displacement of the head

oscillation are computed only when the pitch, yaw and/or roll motions of the head are slower

than some predefined thresholds. Artifacts related to head movements may also be mitigated, by

the controller, through the integration of sensor inputs of body-worn sensors placed on the chest,

trunk, waist, etc. The values can depend upon the speed and type of body movement.



In one or more embodiments, the controller 16 can be adapted to determine the fall risk

threshold by measuring a maximum displacement between a longitudinal axis of the user and a

normal to the earth's surface as a function of time. Further, in one or more embodiments, the

controller 16 can be adapted to determine the fall risk threshold by measuring a maximum

velocity of displacement between a longitudinal axis of the user and a normal to the earth's

surface.

Thresholds of safe postural stability or limits of stability can be established by balance

testing in a clinical setting or by user-conducted, self-directed tests. A fall risk signal or other fall

risk output can be generated based on single or multiple threshold crossings.

Parameters of postural stability, i.e., balance metrics, and fall risk values or probabilities

can be of interest to one or more of the user, caregivers such as the family members, and medical

professionals. Balance metrics and fall risk values may be monitored daily and transmitted to

various parties. Once a fall risk threshold is crossed or exceeded, a fall risk output such as a

discrete audio alert may be provided to the user. In laboratory conditions, head worn IMU

sensors can be utilized to characterize small motions (e.g., sway) that can be important for

balance evaluation. The orientation of the IMU sensors, however, is highly controlled and well

calibrated in the laboratory. In practice, when users are wearing two hearing devices, proper

alignment of the IMU sensors at each side of the head is desired. Any suitable technique or

techniques can be utilized to align the sensor 14 in both left and right hearing devices of the

system 10, e.g., the techniques described in U.S. Patent Application No. 15/33 1,230, filed

October 21, 2016, and entitled HEAD RELATED TRANSFER FUNCTION

INDIVIDUALIZATION FOR HEARING DEVICE. In one or more embodiments, a technique

can be utilized to compensate for the orientation mismatch between two hearing devices so that

the FMU sensors on both sides of the head can be collaboratively aligned with the head

orientation and used to derive postural stability information.

In one or more embodiments, the fall risk value based upon postural stability can be

determined by first detecting that the user is walking. One or more artifacts from the sensor 14 or

a sensor of the beacon 18 (e.g., sensor 506 of beacon 500 of FIG. 6) caused by foot-impact can

be filtered out using any suitable technique or techniques. Postural stability can be determined

using any suitable technique or techniques. Velocity components of such postural stability can be

determined using any suitable technique or techniques. In one or more embodiments, the fall



risk value can be based upon walking speed, distance walked, frequency of walks, duration of

walks, frequency of successful postural transitions, speed of postural transitions, or activity

classifications, and combinations thereof.

A composite sensitivity parameter of the contribution of the sensor 14 (e.g., one or more

accelerometers) to the overall fall risk value can be determined using any suitable technique or

techniques. In one or more embodiments, the sensitivity of the fall risk value to an amplitude of

the postural stability can be determined using, e.g., one or more of a user input after a near-fall

event, a balance study, and fall detection. The sensitivity of the fall risk value to the stability

velocity at a pre-determined postural stability can be determined using, e.g., one or more user

inputs after a near-fall event, a balance study, and fall detection. Further, the sensitivity of the

fall risk value to a statistically determined combination of the postural stability and the sway

velocity can also be determined.

In one or more embodiments, postural stability, sway velocity and other posture, walking

and fall-related information, etc., can be routinely transmitted to healthcare professionals. The

user's posture while standing and walking, actual fall events, and user-indicated near-fall events

can also be transmitted to healthcare professionals.

If the fall risk value crosses or exceeds a fall risk threshold, then an alert can be sent to

one or more of the user, caregiver, and medical professional. Such alert can include instructions

for how to prevent a fall from occurring.

In one or more embodiments, sensors 14 having one or more accelerometers can be

placed in both ears of the user. Acceleration of the mid-point between the two ears, as opposed to

that of one ear, can be calculated to determine postural stability. Further, false positives of fall

detection can be reduced by ensuring both sensors 14 follow the same nominal motion pattern. In

addition, head rotation around the vertical axis i.e., the yaw, can also be determined and utilized

to calculate the fall risk value. In one or more embodiments, the sensors 14 if associated with the

beacon 18 can also assist in reducing false positives. Further, body-worn accessories 18 can also

assist in measuring body motion from the body's center of gravity.

In one or more embodiments, a short-term estimation model (e.g., model 204 of FIG. 3)

can be determined by measuring eye movement of the user. For example, the fall prediction

system 10 can detect eye movements and compare such eye movements to a baseline to

determine whether a vestibular event is occurring that may increase the risk of fall. The sensor



14 of the fall prediction system 10 can include one or more eye movement sensors. In one or

more embodiments, the system 10 can also include one or more sensors 14 that can measure

head movement of the user. Data from such head movement sensors 14 can be utilized to

correlate with eye movement sensor data to determine the risk of a fall. Any suitable fall

prediction system or device can be utilized to measure eye movement of a user, e.g., the devices

described in U.S. Patent No. 9,167,356, issued October 20, 2015, and entitled

ELECTROOCULOGRAM AS A CONTROL IN A HEARING ASSISTANCE DEVICE.

FIG. 4 is a flow chart of one embodiment of a method 300 for predicting and detecting a

fall that utilizes eye movement data. Although described in reference to fall prediction system 10

of FIG. 1, the method 300 can be utilized with any suitable system or systems. In one or more

embodiments, data from eye movement sensors 302 (e.g., Electrooculography (EOG) sensors)

and positional sensors 304 (collectively sensor 14 of FIG. 1) can be utilized for early detection of

peripheral vestibular asymmetry (which generally cause nystagmus and feelings of

imbalance/dizziness to occur). Nystagmus is an involuntary oscillation of one or both eyes about

one or more axes. The eye movement sensors 302 can allow the system 10 to make one or more

of the following determinations: (a) whether or not the nystagmus is typical given the user's

baseline movement data, (b) whether the user's visual pursuits are smooth or otherwise atypical.

Other sensors can be utilized with the method 300 to predict and/or detect falls. For example, the

system 10 can include at least one of a microphone 306 and a sensor associated with an

accessory or a beacon 308 (e.g., beacon 18).

In one or more embodiments, the controller 16 can also be adapted to determine the fall

risk threshold by first calculating one or more of the direction of visual gaze, the direction of

body movement, and the ambient light level, and then inferring the likelihood that the

movements of the user are adequately coordinated with visual sensory input. For example, an

individual is at higher risk for falling when moving backwards, towards a chair, when attempting

to sit down, etc. Similarly, an individual is at a greater risk for falling when looking away from

their walking path or when the walking path is not well-illuminated. Once a fall risk threshold is

crossed or exceeded, a fall risk output such as a discrete audio alert may be provided to the user,

and the ambient light level may be increased for the user. Parallel positional sensors (as in the

case of a binaural set of equipped hearing devices or systems or accessories) can also be used to

detect falls. The use of two separate, but parallel, positional sensors can provide redundancies



that can prevent false fall detections (e.g., if the user removes or drops the fall prediction

systems, the data from the system's axis sensors will not indicate synchronous movements in the

same way that they would if being worn during a fall event). Further, one or more sensors

associated with the beacon can be utilized to assist in confirming whether a fall has occurred.

One or more signals from the sensors 302, 304, 306, 308 can be enhanced and interpreted

using any suitable technique or techniques at 310. The enhanced signals can be stored using any

suitable data storage device at 312. Further, auxiliary inputs 3 14 such as medical history,

prescription medication records, responses to prompted questions by the user, and any device

parameters such as increased sound volume level of the device can also be stored at 312. For

example, manual increases in the volume level of the head-worn device 12 enacted by the user

may indicate that a shift in hearing sensitivity of the user may have occurred. Such changes in

hearing sensitivity may be clinical indications of Meniere's disease or endolymphatic hydrops.

At 316, any suitable technique or techniques can be utilized to process the signals from

the various devices and interpret the auxiliary inputs. In one or more embodiments, the sensor

signals are filtered and noise in the signal is rejected. Data from the eye movement sensor 302

and the positional sensors 304 can be analyzed to determine the direction of simultaneous head

and eye movements (i.e., determine gaze). A warning based upon this data can be provided to the

user or caregiver at 318 if such data indicates an imminent fall.

The processed signals can be analyzed to determine normal data traits at 320 using any

suitable technique or techniques. Such normal data traits can indicate smooth eye and head

movements. Further, at 322, abnormal data traits such as nystagmus can be identified using any

suitable technique or techniques. Such abnormal data traits can include abnormal signatures of

head and eye movements. Further, nystagmus can be observed in eye movement sensor data.

Nystagmus can be identifiable when the user's eyes exhibit both a fast movement phase followed

by a slow movement phase in the opposite direction of the fast phase. Nystagmus can appear as a

pattern of repeated fast phase and slow phase eye movements. Further, the abnormal signatures

may include abnormal head movement, which may include rapid movement, detection of free

fall or impact, etc.

At 324, the direction of beating (fast phase) of the user's eye movements can be

determined using any suitable technique or techniques. The eyes can be determined to be beating



in one direction (e.g., right or left), in alternating directions (i.e., right and left), or torsional (i.e.,

in a twisting motion to right or left and either up or down).

The data regarding the direction of beating of the eyes can be correlated to positional

sensor data at 326 using any suitable technique or techniques. For example, eye motion data can

be analyzed within the context of the measured head movement (i.e., positional data).

At 328, eye movement and positional data indicate that a typical vestibulo-ocular Reflex

(VOR). In other words, eye movement and positional data indicate that the user's eyes move in

opposite angular directions of the head when the user is maintaining a steady gaze. In one or

more embodiments, the eye movement and positional data indicate typical optokinetic responses,

i.e., nystagmus is present when the user experiences a rapid velocity (e.g., when looking through

the window of a car and watching the trees pass by).

At 330, eye movement and positional data indicate that the user is experiencing a

vestibular disturbance. Such disturbance can be determined when nystagmus is present when the

head is not moving, when the eyes are moving in alternating directions, when the onset of

nystagmus follows seconds after a movement of the head (usually, but not always, when the head

is tilted upward), or when such nystagmus persists for greater than several seconds.

The event can be bookmarked in data storage at 332 using any suitable technique or

techniques. For example, a rolling buffer of data can be kept, and when an event is detected in

the data stream, that segment can be recorded and tagged for manual interpretation later. This

can include a time window before conditions were observed, which may show data regarding the

possible cause of the balance event. This data can be shared with medical professionals such as

physicians, audiologists, and physical therapists to assist in a rapid differential diagnosis of the

user.

At 334, the vestibular event can be characterized in terms of, e.g., fast phase direction,

angle, velocity, duration, fixation, insulting head position, etc., using any suitable technique or

techniques. For example, the detected event can be classified based upon relevant parameters of

the detected head and eye movements.

At 336, a determination can be made as to whether a likely Benign Paroxismal Positional

Vertigo (BPPV) or positional nystagmus has occurred using any suitable technique or

techniques. For example, a determination based upon the classification of parameters can be

made to determine whether BPPV or positional nystagmus has occurred.



At 338 a determination is made that the event is not positional in nature. For example, the

event is considered to be non-positional if the nystagmus does not occur within about 30 seconds

after a head/posture change (i.e., crosses a given threshold to make these determinations).

The event can be determined to be likely positional in nature at 340 using any suitable

technique or techniques. For example, the event could be related to BPPV if the nystagmus of the

user initiates within about 30 seconds after a head/posture change (crosses a given threshold to

make these determinations), the nystagmus lasts for less than 60 seconds, and the nystagmus

fatigues (i.e., is weakened or absent) if the provoking head position occurs again within a short

time frame (minutes). In another example, the event could be related to positional cervicogenic

dizziness if the nystagmus of the user initiates within about 30 seconds after a head/posture

change (crosses a given threshold to make these determinations), the nystagmus lasts minutes to

hours; additionally, the user or medical history of the user may indicate neck pain or injury (e.g.,

whiplash), headache or lightheadedness, or head-worn sensors may indicate decreases in blood

pressure or oxygenation. Further, for example, the event is likely positional in nature if the

nystagmus reverses or ceases when the user returns to the pre-provocation position.

At 342, if the event is determined to be related to the position of the user, then a head

position rule can be created for providing prevention feedback to the user. For example, if

positional nystagmus, cervicogenic dizziness, or BPPV are suspected, then the provoking head

position/maneuver are identified and stored. A cautionary head tilt feedback warning can be

provided to the user when the user's head is in the undesired position. Further, feedback can be

provided to the user if the user's head moves into the undesired position.

Upon the detection of an abnormal nystagmus disturbance, the system 10 can perform

one or more of the following tasks: (a) alert the user to prepare for a spell of dizziness (e.g.,

instruct the user to sit down or brace himself so that the user does not fall) at 344; (b) alert a

caregiver or medical professional via a connected messaging device at 346; (c) log the data from

the event to determine the length, regularity, and severity of the disturbance; and (d) adjust the

lighting within the environment of the user so as to assist the user in navigating and visually

fixating so as to prevent a future fall at 348. Any suitable technique or techniques can be utilized

to terminate such feedback that is provided to the user. For example, if a medical professional or

virtual therapy guidance system (as described, e.g., in U.S. Patent Application Serial No.

15/589,298) corrects the positionally provoked condition, then the user may not need to continue



being discouraged from entering that position (until the next observed instance that may or may

not occur again).

Correlated data from one or both head-worn device 12 and the beacon 18 can be used in

assisting the medical diagnosis. For example, short episodes (e.g., 1-2 minutes in duration) that

occur following a head tilt can be identified as BPPV. Knowing the direction of head tilt that

provokes dizziness (and the subsequent direction of nystagmus beats) would offer even greater

diagnostic specificity.

For example, the direction of head tilt and nystagmus could be used to identify the exact

semi-circular canal with foreign otoconia causing the peripheral vestibular disruption. Compared

to current diagnostic methodology, this determination could be made more accurately and

without the need to provoke more symptoms of dizziness from the user at a later date.

In one or more embodiments, self-learning can help the system 10 become more useful to

the user. For example, if certain head movements cause symptoms of dizziness to occur, the

system 10 can provide real-time feedback that would discourage the user from making those

movements. This type of conditioning could help users "learn their limits" until the condition has

been treated and resolved. In one or more embodiments, machine learning can determine that the

problem no longer exists and terminate the feedback being provided to the user.

In a similar way, detection of an episode among individuals who are known to suffer

from Meniere's disease could allow the system 10 or a technician to make hearing assistance

parameter adjustments. Reduction in hearing sensitivity is commonly a secondary symptom of

Meniere's attacks and Endolymphatic hydrops. In these cases, the balance sensors could inform

temporary increases in hearing aid gain. In one or more embodiments, these users can be given

various memory settings with varying levels of amplification to allow for tuning adjustment

during episodic fluctuations of hearing sensitivity.

In one or more embodiments, the controller 16 can also be adapted to determine the fall

risk threshold by detecting the presence of alternating nystagmus and parameters of postural

stability and inferring the level of intoxication of the user. For example, the consumption of

alcohol or other chemical substances can result in periodic, alternating nystagmus, increased

postural instability, and an increased risk for falling. Once a fall risk threshold is crossed or

exceeded, a fall risk output such as a discrete audio alert may be provided to the user and,

optionally, another threshold may be used to trigger an action which immobilizes the vehicle of



the user. To further assist the user, during intoxication, the controller may be further adapted to

arrange alternative modes of transportation on behalf of the user, such as arranging a ride share

service pick-up or placing the vehicle into a self-driving mode, when the user attempts to operate

the vehicle.

As mentioned herein, any suitable technique or of techniques can be utilized with the fall

prediction system 10 to determine the likelihood that the user will experience a fall or that the

user has fallen. For example, FIG. 5 is a schematic flow chart of one embodiment of a method

400 that utilizes the system 10 of FIG. 1, which includes the head-worn device 12 and the beacon

18. Although described in reference to the fall prediction system 10 of FIG. 1, the method 400

can be utilized with any suitable system or device. At 402, a hazard can be detected with the

beacon 18, where the beacon is adapted to generate a beacon signal based on the detected hazard.

The beacon signal is transmitted to the fall prediction system 10 associated with the user at 404.

In one or more embodiments, the characteristic of a user of the fall prediction system 10 can be

detected at 406 with the sensor 14 using any suitable technique or techniques. Any suitable

physiological characteristic of the user or of the environment proximate to the user can be

detected at 406. In one or more embodiments, detecting the physiological characteristic includes

detecting eye movement of the user using a first sensor and a second sensor each operatively

connected to the head-worn, and generating an eye movement signal based on the detected eye

movement.

A fall risk value and statistics based on the beacon signal can be determined at 408. In

one or more embodiments, fall risk value can be determined at 408 based upon the detected

characteristic or characteristics. Further, in one or more embodiments, the fall risk value can be

determined based on the detected characteristic and the beacon signal. Any suitable technique or

techniques can be utilized to determine the fall risk value. In one or more embodiments,

determining the fall risk value includes detecting head movement of the user, generating a head

movement signal based on the detected head movement, and comparing an eye movement signal

to the head movement signal.

The beacon signal can be transmitted to the user at 410 using any suitable technique or

techniques. At 412 a fall risk threshold can be determined using any suitable technique or

techniques. Any suitable fall risk threshold can be determined at 412, e.g., a postural stability

threshold.



Further, at 414 the fall risk value can be compared to the fall risk threshold. In one or

more embodiments, a fall prevention output can be generated if the fall risk value crosses or

exceeds a fall risk threshold at 416. The fall prevention output generated at 416 can include any

suitable output or outputs. In one or more embodiments, generating the fall prevention output

includes transmitting the beacon signal to one or more of a caregiver, a medical professional, the

user, and the premises hazard network. In one or more embodiments, generating the fall

prevention output includes transmitting at least one of the physiological characteristic,

environmental characteristic, fall risk value, and fall risk threshold to one or more of a caregiver,

a medical professional, and the user. Further, in one or more embodiments, generating the fall

prevention output includes determining a therapy to be delivered to the user, and delivering the

therapy to the user. In or more embodiments, the method 400 can include detecting a fall at 418.

Any suitable technique or techniques can be utilized to detect a fall, near fall, or stumble.

In one or more embodiments, the method 400 can also include determining a location of

the hazard at 420 and transmitting the location of the hazard to the user or a premises network at

422. Any suitable technique or techniques can be utilized with the beacon 18 to determine the

location of the hazard and transmit such location to the user or the premises network. In one or

more embodiments, identification of individuals, objects, and animals proximate the hazard can

also be determined at 420.

For example, FIG. 7 is a flowchart of one system 600 that includes the beacon 18 to

provide a beacon signal to the user or the premises network 20 of system 10 of FIG. 1 . The

system 600 can be utilized by the premises network 20 to provide various alerts or notification

signals to the user of the fall prediction system 10 or other members of the public. Although

described in regard to the fall prediction system 10 of FIG. 1, the method 600 can be utilized

with any suitable system or network. At 602, an event can be detected by the head-worn device

12. The head-worn device 12 can be adapted to detect falls, near falls, and stumbling events.

Sensor 14 of system 10 can also be used to provide continuous information regarding the

environment proximate to the user (e.g., ambient air temperature, ambient light level, ambient

sound pressure level, barometric pressure, etc.).

At 604, an event can be detected by the beacon 18. In one or more embodiments, the

beacon 18 can include a physical beacon having one or more sensors operatively connected to

one or more virtual beacons that can detect events occurring in the environment proximate the



user, including falls, near falls, stumbling, and changes in environmental conditions. Changes in

environmental conditions could include the weather, a number of persons and/or animals

trafficking in an area, the behaviors of individuals in the area, or other qualities of a walking path

(e.g., trash collecting during an event, unevenness caused by construction or demolition

activities, etc.). Beacon sensors can also be used to provide continuous information regarding the

environment, e.g., ambient air temperature, ambient light level, ambient sound pressure level and

acoustic characteristics, barometric pressure, individual identification and monitoring, etc.

Further, members of the public can manually report changes in conditions either observed

(e.g., a person notices a water main leak so the walking path is becoming wet and slippery or that

a once uneven walking path has been repaved) or scheduled for the future (e.g., planned

construction activities are reported for an area) at 606. Individuals may also report the

occurrences of a fall (e.g., a first responder may report that fall occurred in a location). The user

of the system 10 can also configure a profile for notifications or alerts to be provided to other

members of the public at 612. At 608, data from inputs 602, 604, and 606 can be time-stamped

so that trends may be observed over time.

At 610, data is stored with the time stamp, location information, a classification of what

the data means, characteristics of the data or events, and raw sensor data, etc. Further, location-

specific trends can be identified at 614. Based on the data stored at 610, the system at 614 can

further train itself by examining the relationships between classified events, and (explicitly or

inexplicitly) correlate them with environmental information, such as time, lighting, weather,

number of people in the area, etc., to more intelligently determine the time and content of the

notification. Various machine learning techniques can be used for self-training and making

inferences, such as (but not limited to) artificial neural networks, supported vector machines

(SVM), Bayesian Learning methods, Reinforcement Learning, etc.

For example, data 610 can include information that indicates an increased number of fall

or near-fall events in the past month at peak times. Module 614 can train itself based on this data

and correlate most of the falls or near-fall events with time and the fast motions of a large

number of objects (e.g., people). The module 614 can, in one or more embodiments,

automatically trigger a high falls risk notification when the identified conditions are met.

As mentioned herein, notification profiles can be generated at 612. Such profiles can

include which user should receive beacon signals in the form of alerts or notifications and when.



These determinations may be driven by the user's proximity to the hazard and by thresholds that

may be individualized for or by the user. For example, a user at risk for falls may receive a

notification sooner or at a lower threshold or risk than a user who is not at a particularly high risk

for falling. These thresholds may be applied for any stream or combination of streams in the data

or classifications thereof. The notification profiles can be stored at 616 for later access by the

system 600.

At 618, the system 600 pauses until various notification thresholds are met. The system

600 references the stored notification parameters and compares them with observed inputs at

620. At 622, a determination is made as to whether or not notification conditions have been met.

If such conditions have been met, then the notification signals are transmitted at 624. One or both

of the hazard beacon 18 and the head-worn device 12 and any accessory to the head-worn device

can make this determination. Further, either universal or individualized parameters can be

applied, a decision which may change over time based upon conditions proximate the user or

various thresholds or classifications. At 626, the notification transmissions continue until a

threshold for ceasing such transmissions is met. If the transmissions are not continued, then the

system returns to 620, where the determination is again made as to whether the notification

conditions have been met. If these notification conditions have not been met at 620, then the

system continues from 628 to 630, where the system 600 does not initiate a notification.

Similarly, notifications cease when conditions return to a point when the notification conditions

are no longer being met. These thresholds may be different (i.e., the threshold to stop providing

notifications may be different from the threshold used to initiate a notification).

All references and publications cited herein are expressly incorporated herein by

reference in their entirety into this disclosure, except to the extent they may directly contradict

this disclosure. Illustrative embodiments of this disclosure are discussed and reference has been

made to possible variations within the scope of this disclosure. These and other variations and

modifications in the disclosure will be apparent to those skilled in the art without departing from

the scope of the disclosure, and it should be understood that this disclosure is not limited to the

illustrative embodiments set forth herein. Accordingly, the disclosure is to be limited only by the

claims provided below.



What is claimed is:

1 . A fall prediction system, comprising:

a head-worn device for a user;

a beacon adapted to detect a hazard and generate a beacon signal based on the detected

hazard; and

a controller operatively connected to the head-worn device and the beacon, wherein the

controller is adapted to determine a fall risk value based on the beacon signal;

wherein at least one of the beacon and the controller are further adapted to transmit the

beacon signal to the user.

2 . The system of claim 1, wherein the controller is further adapted to:

compare the fall risk value to a fall risk threshold; and

generate a fall prevention output if the fall risk value exceeds the fall risk

threshold.

3 . The system of claim 1, wherein the beacon comprises a virtual beacon.

4 . The system of claim 1, wherein the hazard comprises at least one of a wet floor, surface

color change, stairway, clutter, debris, uneven terrain, crack in a walkway, inadequate lighting,

poor contrast between objects, broken or absent grab bar, poorly arranged or out-of-place

furniture, high cupboard or shelving, over-grown vegetation, pet, child, unstable furniture, power

cord, low seat, low bed, high doorway threshold, chemical spill, icy floor, high-traffic area,

moving floor or escalator, ramp, hole, steep or hard-to-see edge, rug, loose carpet, hole, and

dangerous behavior.

5 . The system of claim 1, wherein the beacon comprises a wireless transceiver.

6 . The system of claim 5, wherein the beacon comprises a sensor.



7 . The system of claim 6, wherein the sensor comprises at least one of a thermometer,

camera, microphone, hygrometer, anemometer, infrared camera, proximity sensor, motion

sensor, radar, and sonar.

8 . The system of claim 1, wherein the beacon comprises a user interface adapted to receive

data related to the hazard.

9 . The system of claim 1, further comprising a sensor operatively connected to the head-

worn device and adapted to detect a characteristic of the user and generate a sensor signal based

on the characteristic, wherein the characteristic comprises at least one of a physiological

characteristic of the user, behavioral characteristic of the user, and an environmental

characteristic.

10. The system of claim 9, wherein the controller is further adapted to determine the fall risk

value based on the beacon signal and the sensor signal.

11 . The system of claim 10, wherein the fall prevention output comprises transmission of at

least one of the characteristic, the fall risk value, and the fall risk threshold to one or more of a

caregiver, medical professional, and the user.

12. The system of claim 1, wherein the controller is further adapted to transmit the beacon

signal to a premises network.

13. The system of claim 1, wherein the controller is further adapted to detect a fall.

14. A method, comprising:

detecting a hazard with a beacon, wherein the beacon is adapted to generate a beacon

signal based on the detected hazard;

transmitting the beacon signal to a fall prediction system associated with a user, wherein

the fall prediction system comprises a head-worn device and the beacon;

determining a fall risk value based on the beacon signal; and



transmitting the beacon signal to the user.

15. The method of claim 14, further comprising:

determining a fall risk threshold; and

comparing the fall risk value to the fall risk threshold.

16. The method of claim 15, further comprising generating a fall prevention output if the fall

risk value exceeds the fall risk threshold.

17. The method of claim 14, wherein the beacon signal comprises at least one of a location of

the hazard, a distance between the beacon and the user, a description of the hazard, a risk value

associated with the hazard, and a number of falls caused by the hazard.

18. The method of claim 14, wherein the hazard comprises at least one of a wet floor, surface

color change, stairway, clutter, debris, uneven terrain, crack in a walkway, inadequate lighting,

poor contrast between objects, broken or absent grab bar, poorly arranged or out-of-place

furniture, high cupboard or shelving, over-grown vegetation, pet, child, unstable furniture, power

cord, low seat, low bed, high doorway threshold, chemical spill, icy floor, high-traffic area,

moving floor or escalator, ramp, hole, steep or hard-to-see edge, rug, loose carpet, hole, and

dangerous behavior.

19. The method of claim 14, further comprising transmitting the beacon signal to a premises

network.

20. The method of claim 14, further comprising detecting a characteristic of the user with a

sensor, wherein the characteristic comprises at least one of a physiological characteristic of the

user, a behavioral characteristic of the user, and an environmental characteristic;

wherein determining the fall risk value comprises determining the fall risk value based on

the detected characteristic and the beacon signal.
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