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AUTONOMOUS FALL MONITOR HAVING SENSOR COMPENSATION

CROSS REFERENCE TO PRIOR APPLICATIONS

[0001] This application claims the benefit from U.S. Provisional Application
No. 62/430,043 filed on December 5, 2016, which 1s hereby Incorporated by

reference In its entirety for all purposes as If fully set forth herein.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0002] The disclosure relates to an apparatus, a method, and a system for
monitoring, detecting, and tracking body orientation and/or motion, including a fall or

near fall event condition that includes sensor compensation.

2. Related Art

[0003] Body orientation/motion monitoring and particularly fall monitoring is
very useful to a wide range of subjects, from elderly persons to emergency workers
to race horses to anthropomorphic robots. While the ability to detect a hard impact
fall 1Is Important in all cases, additional information about "soft" falls, such as, for
example, when a person Is overcome by smoke and slowly sinks to the ground, or
near-falls, as in when a race horse stumbles, are also important events to detect.
Prior fall detection and monitoring technology has taken many forms. For example,
some previous inventions have employed accelerometers in a waist-worn device to

detect human falls. Wrist-worn devices are often recognized as the more desirable
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from an ergonomic perspective. Although wrist-worn devices with accelerometers
are relatively successful at detecting some "hard" falls, which are defined as sudden
and rapid descents that are usually associated with a high-g impact, these devices
have numerous drawbacks, including, for example, difficulty detecting backward and
lateral falls and an inablility to sense the difference between a person lying down and
a person who has fallen. Thus, these prior systems cannot be used when a person
IS at rest or when a person experiences a "soft" fall without an impact (e.g., a
firefighter that Is slowly overcome by smoke and slowly sinks to the ground).
Furthermore, these systems may completely miss near-fall events, such as, for
example, when an elderly person trips and grabs onto a railing in order to avoid a fall
or a stumble or gait change event that might precede a hard fall. In fact, prior work,
such as, e.g., the commercially available system described at <<http:/lwww.dynamic-
living.com/pers-info.htm#fall>> can include disclaimers like "The Fall Detector cannot
differentiate between a fall and simply lying down to rest. You will need to remove it

pbefore you lie down and then put it back on when you get up.”

[0004] An example of a device presently available commercially that can
monitor body orientation and movement patterns in free-living subjects is the
Intelligent Device for Energy Expenditure and Physical Activity (IDEEA) (Minisun,
Fresno, Calif.), as described in Zhang K, Werner P, Sun M, Pi-Sunyer F X, Boozer C
N, "Measurement of human daily physical activity," Obes Res, Jan. 11, 2003(1):33-
40. This accelerometer-based device Is costly and requires the use of five sensors
that are taped directly to the skin (e.g., chest, both thighs, and bottom of both feet)
and associated cable tethers to attach the sensors to a waist-worn data-recording

unit. The manufacturer claims that the IDEEA can identify various body postures
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and types of physical activity, including lying, sitting, walking, climbing stairs,

running, and jumping.

[0006] Another example is the BodyTrac system (IMSystems, Baltimore,
Md.), which includes a body posture and movement pattern recorder nominally worn
as a chest band. The BodyTlrack system employsas>.83cm x3.4cm X 1.7 cm
module containing a sealed sphere with a bolus of mercury that, depending on body
posture, short different sets of contacts. The BodyTlrac system claims to provide the
following body posture information: upright, walking, lying supine, lying right, lying
left, and lying prone. A major limitation of the BodyTrac system appears to be an
iInability to discriminate between sitting down and standing up; to accomplish this, the
BodyTrac system employs a second monitor that must be worn on a thigh, as
described by Gorny S W, Allen R P, Krausman D T, Cammarata J., "Initial
demonstration of the accuracy and utility of an ambulatory, three-dimensional body
position monitor with normal, sleepwalkers and restless legs patients," Sleep Med,

March 2001;2(2):135-143.

[0006] Other currently available devices used to monitor falls, such as, e.g.,
described in Pervasive Computing, "A Smart Sensor to Detect the Falls of the
Elderly," Sixsmith, Andrew; Johnson, Neil Vol. 3, No 2 pp 42-47/, include
sophisticated visual monitoring systems and "smart homes" that feature sensors
embedded In floors or infrared beams positioned near the floor. Although some of
these systems may provide autonomous notification aspects, none allow for the
detection of near falls, and none would allow for the detection of falls outside of the
subject's home. Therefore, these devices would not prove useful for emergency
workers, individuals with seizures, elderly individuals living in a senior living

community, race horses, or the like.
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[0007] Thus, along felt, unfulfilled need exists for an apparatus, system, and
method that may relatively innocuously monitor and detect a fall event by a user,
such as, for example, but not limited to, an emergency worker, an individual with a

medical condition, a race horse, or the like.

SUMMARY OF THE DISCLOSURE

[0008] According to one aspect of the disclosure, a communicator for autonomous
monitoring, detecting, and tracking of movement and orientation of a portion of a
body of a wearer, includes a sensor configured to detect a translational and/or
rotational movement of the portion of the body of the wearer; an altimeter including
at least one high sensitivity sensor having a sensing port configured to measure
changes In altitude of the portion of the body of the wearer; a processor configured
to determine an orientation and/or position of the portion of the body of the wearer
based on the translational and/or rotational movement of the portion of the body of
the wearer detected by the sensor; the processor further configured to compensate
for the measured changes In altitude of the portion of the body of the wearer based
on the orientation and/or the position of the portion of the body of the wearer
detected by the sensor; and the processor further configured to determine an alert
condition based on the changes in altitude of the portion of the body of the wearer
compensated by the orientation and/or the position of the portion of the body of the
wearer detected by the sensor, wherein the sensor includes at least one of the

following: accelerometer(s), gyroscope(s), and/or magnetometer(s).

[0009] In further aspects, the altimeter may be further configured to measure
changes In altitude of the portion of the body of the wearer compensated by remote

ambient pressure sensor readings.
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[0010] According to another aspect of the disclosure, a method for
autonomously monitoring, detecting, and tracking movements of a body, includes
detecting with a sensor a translational and/or rotational movement of the portion of
the body of the wearer; measuring with an altimeter that includes at least one high
sensitivity sensor having a sensing port changes in altitude of the portion of the body
of the wearer; determining with a processor an orientation and/or position of the
portion of the body of the wearer based on the translational and/or rotational
movement of the portion of the body of the wearer detected by the sensor;
compensating with the processor the measured changes In altitude of the portion of
the body of the wearer based on the orientation and/or the position of the portion of
the body of the wearer detected by the sensor; and determining with the processor
an alert condition based on the changes In altitude of the portion of the body of the
wearer compensated by the orientation and/or the position of the portion of the body
of the wearer detected by the sensor, wherein the sensor includes at least one of the

following: accelerometer(s), gyroscope(s), and/or magnetometer(s).

[0011] In further aspects, the altimeter may be further configured to measure
changes In altitude of the portion of the body of the wearer compensated by remote

ambient pressure sensor readings.

[0012] According to some additional aspects of the disclosure, a method for
autonomously monitoring, detecting, and tracking movements of a body Is disclosed.
The method Including: monitoring a translational and a rotational movement of the
body or portion of it; averaging out sensed data recorded by opposed sensor ports;
measuring a change In altitude of the body or a portion of the body using the

averaged out sensed data recorded by opposed sensor ports; and determining an
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alert event based on the translational and rotational movement of the body and the

change In altitude of the body or portion of it.

[0013] In yet additional aspects of the disclosure, a communicator for
autonomous monitoring, detecting, and tracking of movement and orientation of a
body or portion of a body Is disclosed. The communicator Including: a device
configured to monitor the translational and/or rotational movement of the body; and
an altimeter Including at least one pair of high sensitivity sensors having opposed
sensing ports configured to measure changes In altitude of the body, wherein an
alert condition I1s determined based on the translational and/or rotational movement

of the body and changes In altitude of the body or portion of the body.

[0014] There has thus been outlined, rather broadly, certain aspects of the
disclosure In order that the detailed description thereof may be better understood,
and In order that the present contribution to the art may be better appreciated. There
are, of course, additional aspects of the disclosure that will be described below and
which will form the subject matter of the claims appended hereto. As such,
additional features, advantages, and aspects of the disclosure may be set forth or
apparent from consideration of the following detailled description and drawings.
Moreover, It 1S noted that both the foregoing summary of the disclosure and the
following detailed description are exemplary and intended to provide further

explanation without limiting the scope of the disclosure as claimed.

[0015] In this respect, before explaining at least one aspect of the disclosure
INn detail, 1t 1s to be understood that the disclosure is not limited In its application to
the details of construction and to the arrangements of the components set forth In
the following description or illustrated in the drawings. The disclosure Is capable of

aspects In addition to those described and of being practiced and carried out In
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various ways. Also, It i1s to be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose of description and

should not be regarded as limiting.

[0016] As such, those skilled in the art will appreciate that the conception
upon which this disclosure I1s based may readily be utilized as a basis for the
designing of other structures, methods, and systems for carrying out the several
purposes of the disclosure. It is important, therefore, that the claims be regarded as
INncluding such equivalent constructions insofar as they do not depart from the spirit

and scope of the disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to provide a further
understanding of the disclosure, are incorporated in and constitute a part of this
specification, illustrate aspects of the disclosure, and together with the detailed
description, serve to explain the principles of the disclosure. No attempt is made to
show structural details of the disclosure in more detail than may be necessary for a
fundamental understanding of the disclosure and the various ways in which it may be

practiced.

[0018] FIG. 1 shows an example of a fall monitoring (FM) system, according

to aspects of the disclosure;

[0019] FIG. 2 shows an example of a fall monitoring process, according to

aspects of the disclosure;

[0020] FIG. 3 shows an example of a fall monitoring (FM) communicator,

according to aspects of the disclosure;
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[0021] FIG. 4 shows an example of a fall monitoring communicator (FMC)

module, according to aspects of the disclosure;

[0022] FIG. 5A illustrates a chart showing examples of output pressure

values for certain elevation values;

[0023] FIG. 5B shows an example of an ultra-sensitive pressure sensor that
may be used in the FM communicator of FIG. 3, according to aspects of the

disclosure;

[0024] FIG. 6 shows an example of a transceiver that may be used in the FM

monitoring system of FIG. 1, according to aspects of the disclosure;

[0025] FIG. 7A shows a chart of change in position of wrist and pelvis in
response to a forward translational perturbation of the lower limbs initiated at time

zero that results in a fall:

[0026] FIG. 7B shows a chart of change in vertical velocity of wrist and pelvis

INn response to a forward translational perturbation of the lower limbs initiated at time

zero that results in a fall:

[0027] FIG. 8 shows charts D, E, F, G, showing forearm (wrist) horizontal
and vertical trajectories during walking (dashed line) and unexpected slipping (solid

line);

[0028] FIG. 9 shows exemplary method steps for a fall monitoring system,

according to some aspects of the disclosure;

[0029] FIG. 10A shows exemplary analog pressure sensors configured to
have sensing ports opposed to each other, according to some aspects of the

disclosure;
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[0030] FIG. 10B shows exemplary digital pressure sensors configured to
have sensing ports opposed to each other, according to some aspects of the

disclosure;

[0031] FIG. 11 illustrates a process for improving pressure measurements

according to aspects of the disclosure;

[0032] FIGs. 12A, 12B, and 12C illustrate arm orientations that are detected

by the fall monitoring system according to aspects of the disclosure; and

[0033] FIG. 13 illustrates a process for improving pressure measurements

according to aspects of the disclosure.

[0034] The present disclosure Is further described Iin the detailed description

that follows.
DETAILED DESCRIPTION

[0035] The aspects of the disclosure and the various features and
advantageous detalls thereof are explained more fully with reference to the non-
limiting aspects and examples that are described and/or illustrated in the
accompanying drawings and detailed in the following description. It should be noted
that the features Iillustrated in the drawings are not necessarily drawn to scale, and
features of one aspect may be employed with other aspects as one skilled in the art
would recognize, even If not explicitly stated herein. Descriptions of well-known
components and processing techniques may be omitted so as to not unnecessarily
obscure the aspects of the disclosure. The examples used herein are intended
merely to facilitate an understanding of ways in which the disclosure may be
practiced and to further enable those of skill in the art to practice the aspects of the

disclosure. Accordingly, the examples and aspects herein should not be construed
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as limiting the scope of the disclosure, which iIs defined solely by the appended
claims and applicable law. Moreover, It is noted that like reference numerals

represent similar parts throughout the several views of the drawings.

[0036] FIG. 1 shows an example of a fall monitoring (FM) system, according
to aspects of the disclosure. Referring now to FIG. 1, an example of a fall monitoring
(FM) system 100 according to aspects of the disclosure is depicted. The FM system
100 Includes a fall monitoring (FM) communicator 115 and one or more transceivers
120. The FM system 100 may further include an access point 130, a network 140, a
response unit (RU) 150, a database(s) 160, and/or one or more additional FM

communicators 115 (not shown).

[0037] The FM communicator 115 may include, for example, but is not
limited to, a portable computer such as, e.g., an electronic device configured to
accept data, perform prescribed mathematical and logical operations at high speed,
and output the results of these operations. The FM communicator 115 may be
configured to communicate on a communication channel as defined herein with the
one or more transceivers 120, the access point 130, and/or another FM
communicator 115 (shown in cross-hatched lines). For example, the FM
communicator 115 may include the pressure sensor described in "Sensitive low-cost

altimeter for schools," by Lewowski T., Physics Ed, September 2005; 40(5):416.

[0038] The FM communicator 115 may be configured to be attached to a
portion of, for example, but not limited to, a body (e.g., a wrist, a leg, or the like) of
the user 110. The FM communicator 115 may detect and determine an orientation
(or position) and/or movement patterns of the user 110. The FM communicator 115
may provide discrimination of position, particularly as it relates to, for example,

altitude measurements, like standing, lying or sitting orientations of the user 110, as
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well as any changes to those positions, such as, for example, falling, jumping, or the
like. More specifically, the altitude measurements may be relative changes in
altitude of the user 110. For example, the FM communicator 115 may determine an
altitude of the user 110 when standing; and the FM communicator 115 may
determine an altitude of the user 110 when lying on a bed. In this regard, the FM
communicator 115 may be configured to sense pressure changes relatively rapidly to
eliminate potential confounding caused by changes in, for example, barometer
pressure (e.g., due to weather, geographic location, or the like). For example, If
mounted on an ankle, the FM communicator 115 may discriminate a walking
condition from a standing condition of the user 110, as well as a standing condition
from a lying in a bed condition. The FM communicator 115 may provide further
INformation concerning various other body orientations (e.g., lying prone, supine, on

one's side, or the like) and movement patterns.

[0039] It is noted that the FM communicator 115, including accelerometer(s)
and pressure sensor(s), may reside in a single module or multiple modules (shown In
FIG. 1). According to one aspect, the FM communicator 115 resides in a single
module configuration. In a multiple module configuration, the accelerometer(s) and
pressure sensor(s) may be provided as separate modules, each of which may be
mounted to a different portion of the body of user 110. Additionally, multiple sensor
packages may be mounted on the body of the user 110 for further information
gathering, which can store data within the package and/or wirelessly transmit the
data to the transceiver 120, the access point 130, the RU 150, and/or another FM

communicator 115 on a communication channel as defined herein.

[0040] The FM communicator 115 may further comprise a body orientation

monitor (not shown), which may track, for example, body posture and movement of
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the user 110. For example, the FM communicator 115 may include a torso-mounted,
triaxial accelerometer-bpased module with built in electrodes for heart-rate monitoring
IN addition to a high-sensitivity pressure sensor. The FM communicator 115 may
further comprise one or more gyroscopes. [he tracked data may be processed and
used to better understand daily activity patterns and body orientations for health care

and/or research applications, as well for monitoring the well-being of the user 110.

[0041] The transceiver 120 may include a computer (e.g., an electronic
device configured to accept data, perform prescribed mathematical and logical
operations at high speed, and output the results of these operations), such as, for
example, but not limited to, a personal computer, a laptop computer, a palmtop
computer, a notebook computer, a desktop computer, a workstation, a server, a
multimedia player, a Smartphone, a microelectromechanical (MEMS) system, or any
combination of the foregoing, or the like. The transceivers 120 may be configured to
synchronously (or asynchronously) receive fall status data, including sensor data,
from the FM communicator 115. The transceiver 120 may be further configured to
record, log, and track the fall status data, and may provide notification of fall events
to the RU 150. The transceiver 120 may be further configured to communicate with
the FM communicator 115 over a communication channel as defined herein. The
RU 150 may include, for example, but is not limited to, emergency personnel, family
members, caregivers, friends, or any other entity that may desire to monitor, track, or
detect a fall status condition of the user 110. |n this regard, the transceiver 120 may
transmit fall event data to the RU 150, which may be relied upon for, for example, fall
and near-fall detection. In this regard the data may be conveyed directly (e.g., over
the network 140) from the transceiver 120 to the RU 150, or through the access point

130.
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[0042] The transceiver 120, which may be either portable or stationary, may
INnclude a telephone console (not shown). The telephone console, which may include
a built-in speakerphone, may be configured to deliver a pre-recorded message to a
prioritized list of caregivers or other individuals, to ensure that the fall event
notification 1s received by a human being, rather an answering machine. The
telephone console may be further configured to generate and send an SMS
message to a prioritized list of caregivers, to ensure that the fall event notification is
received. The telephone console may be further configured to receive a wearer-
Initiated personal emergency alert call and/or alert call cancel request from the FM
communicator 115. The telephone console may comprise a mobile telephone
device, such as, e.g., but not limited to, a cellular telephone, a wired telephone, a

two-way communication device, a software defined radio (SDR), or the like.

[0043] The RU 150 may also include a computer (e.g., an electronic device
configured to accept data, perform prescribed mathematical and logical operations at
high speed, and output the results of these operations), such as, for example, but not
limited to, a personal computer, a laptop computer, a palmtop computer, a notebook
computer, a desktop computer, a workstation, a server, smartphone or any
combination of the foregoing, or the likke. The RU 150 may further include a
telephone console, a telephone, a mobile telephone, a cellular telephone, an SDR,
or the like, which may be capable of bidirectional communication with, e.g., the
transceiver 120 and/or FM communicator 115. The RU 150 may be configured to
recelve fall event data from the transceivers 120 that can be associated with one or
more users 110. The fall event data may include, for example, date data, time data,
current location data (e.qg., real-time global navigation satellite system (GNSS) such

as global positioning system (GPS) data, or the like), inertial data, physiologic data,
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altitude data, and/or the like. The fall event data may be received and reproduced as
an audio/visual signal by the RU 150, such as, e.g., a voice message, a video
message, or the like. The RU 150 may store the fall event data in the database 160
for each user 110. Further, the RU 150 may be configured to query the database
160, which may be Internal, or external to the RU 150, for user data associated with
a particular user 110. The user data may include, for example, but is not limited to, a
name, an address, a telephone number, an email address, a current location, age,
gender, current health conditions, allergies, family member or caregiver name(s), in-
case of emergency contact information, or the like. The RU 150 may be configured
to, for example, dispatch emergency personnel to the user's 110 location based on

the user data retrieved from the database 160.

[0044] The server may include, for example, any combination of software
and/or hardware, including at least one application and/or at least one computer to
perform services for connected clients as part of a client-server architecture. The at
least one server application may include, but is not limited to, for example, an
application program that can accept connections to service requests from clients by
sending back responses to the clients. The server may be configured to run the at
least one application, often under heavy workloads, unattended, for extended
periods of time with minimal human direction. The server may include a plurality of
computers configured, with the at least one application being divided among the
computers depending upon the workload. For example, under light loading, the at
least one application can run on a single computer. However, under heavy loading,
multiple computers may be required to run the at least one application. The server,

or any If its computers, may also be used as a workstation.
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[0045] The database 160 may include, for example, any combination of
software and/or hardware, including at least one application and/or at least one
computer. The database 160 may include a structured collection of records or data
organized according to a database model, such as, e.g., but not limited to at least
one of a relational model, a hierarchical model, a network model or the like. The
database 160 may include a database management system application (DBMS) as
IS known In the art. The at least one application may include, but is not limited to, for
example, an application program that can accept connections to service requests
from clients by sending back responses to the clients. The database 160 may be
configured to run the at least one application, often under heavy workloads,

unattended, for extended periods of time with minimal human direction.

[0046] The network 140 may include, but is not limited to, for example, at
least one of the Internet, a local area network (LAN), a wide area network (WAN), a
metropolitan area network (MAN), a personal area network (PAN), a campus area
network, a corporate area network, a global area network (GAN), a broadband area
network (BAN), a cellular network, a communication channel as defined herein, or
the like, or any combination thereof, any of which may be configured to communicate

data via a wireless and/or a wired communication medium.

[0047] Any one or more of the elements in the FM system 100, including,
e.g., the FM communicator 115, transceiver 120, access point 130, network 140, RU
150 or database 160 may be configured to communicate over a communication
media that may include, for example, wired and/or wireless communications links,
such as, for example, any one or more of. a satellite communication link, a cellular
communication link, a radio frequency (RF) communication link, an infrared (IR)

communication link, an optical communication link, a communication channel as



CA 030747729 2020-03-04

WO 2018/106562 PCT/US2017/064408
16

defined herein, or the like, without limitation. The RF communication link may

Include, for example, WiFi, WIMAX, Bluetooth, or the like.

[0048] The FM communicator 115 may be configured to generate and
process fall status data, which may then be conveyed (or communicated) to one or
more of the transceivers 120. Each transceiver 120 may then relay (or
communicate) fall event data to, for example, the RU 150, which may be addressed
pbased on a contact list stored in the transceiver 120. The FM communicator 115
may include various combinations of inertial sensors, such as, for example, but not
limited to, tri-axial accelerometers, gyroscopes, high-sensitivity pressure sensors (or
ultra sensitive pressure sensors), and the like, to reliably detect both "hard" and
"soft” falls, near falls and stumbles or gait changes, even when the sensors may be

located on an extremity of a rigid body or a user 110 being monitored.

[0049] Referring now to FIG. 2, an example of a fall monitoring process
according to aspects of the disclosure is depicted. Referring to FIGS. 1 and 2, the
process may begin, for example, when the FM communicator 115 is affixed to the
user 110, or when the FM communicator 115 1s actuated (such as, e.g., via an
ON/OFF switch, or by providing power to the FM communicator 115). Once
powered on, the FM communicator 115 may monitor the orientation and movement
of the user 110 (Step 210). It is noted that if two or more FM communicators 115 are
used for monitoring, data (including fall condition data) from the FM communicators
115 may be synchronized prior to the start of monitoring and data collection, by
using, for example, a USB-based multi-device docking station (not shown), which
may be located In the transceiver 120, or may be periodically synchronized using

wireless communications.
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[0050] Based on the monitoring, the FM communicator 115 may generate
orientation data, translation movement data, rotational movement data, altitude data,
altitude change data, time data, date data, location data, biometrics data, and the
ike, and store the data as fall condition data in an internal storage (Step 212). The
fall condition data may be analyzed and detected for a fall event (Step 215) or other
body orientation condition. For fall event detection, algorithms may be used, which
are based on a combination of: (a) unilateral (orbilateral) acceleration profiles
measured, e.g., at the wrists; (b) impact accelerations measured, e.g., at the wrist(s);
(C) changes In altitude (barometric pressure) that fit a predetermined profile; (d) a
period of inactivity following a fall event; and/or (e) relative change in wrist(s)
orientations following an ostensible fall event. Near-fall event detection algorithms
may be also used, which are based on bilateral (or, if acceptable, unilateral)
perturbation recovery reactions measured, e.g., at the wrist(s) and/or multifactorial

combination of the wrist inertial, altimetry, and temporal feature characteristics.

[0051] Appropriate criteria and corresponding threshold values may be
identified to enable accurate and reliable discrimination of both fall and near-fall
events from other activities of daily living (ADL). The algorithm that may be used to
detect falls may nominally be based on unilateral inertial sensing (e.g., a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>