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(57) ABSTRACT
Disclosed are systems and methods for detecting a fall of a
user of a wearable device. The described system samples
signal data from an accelerometer of the wearable device
and performs a preliminary determination of fall detection
using pattern recognition. This preliminary detection may be
based on whether a first portion of the signal data exceeds a
first threshold indicative of a fall of a wearer of the elec-
tronic device and whether a second portion of the signal data
is within a range indicative of motion stillness following the
fall. The described system further applies a machine learning
classifier to the signal data associated with the preliminary
indication to generate a fall classification indicating the
signal data represents a fall of the wearer of the electronic

device.
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HEALTH MONITOR WEARABLE DEVICE

FIELD OF TECHNOLOGY

[0001] The present disclosure relates generally to the field
of monitoring well-being information using a wearable
device, more specifically, to systems and methods of detect-
ing falls or abnormal heart rates of wearers of an electronic
device.

BACKGROUND

[0002] Falls among elderly people is a significant cause of
injury and hospital admissions. It is important to get help to
people if they fall as quickly as possible, as it has been
shown that the longer the delay for receiving medical care,
the higher the risk of death, a lengthy hospital stay, or
admission to a nursing home. It is noted that falls are not an
issue exclusive to elderly people living in their own homes.
People in residing in rehabilitation hospitals, acute-care,
psychiatric hospitals, nursing facilities, and independent and
assisted living facilities also face similar risks.

[0003] One conventional solution for fall detection
employs a manual “panic button”, sometimes referred to as
a personal emergency response system, e.g., Philips Life-
Line®. If a person has fallen or otherwise requires help, the
person may push the button on a transmitter device that is
worn around the person’s neck. Some models of personal
emergency response systems would also detect automati-
cally a fall. The devices are neck-worn pendants, where the
transmitter sends a radio signal either to a speaker-telephone
equipped with a receiver, or via cellular network. The
reception of the radio signal causes the speaker-telephone to
call a preprogrammed telephone number of a third-party
response center, where an operator at the response center
assists or dispatches help to the person.

[0004] Known solutions for fall detection have numerous
drawbacks. For example, the panic-button based system
requires manual activation by a person, which may be
unavailable if the person is rendered seriously injured or
unconscious by the fall. In another drawback, current sys-
tems typically require the use of a call-center or other third
party intervention services, which are costly, and fail to
contact family members or caregivers. Finally, many elderly
people have reported they do not enjoy wearing a neck-
hanging device. As such, the panic-button/neck-hanging
based systems are rendered ineffective due to patient com-
pliance issues (i.e., users fail to wear the device regularly or
otherwise forget to keep them within arm’s reach at all
times).

SUMMARY

[0005]  Accordingly, aspects of the present disclosure pro-
vide a wrist-worn wearable device and system that provides
real-time information for family members and caregivers
using seamlessly the internet connection at home of the
person wearing it, together with cellular connectivity inte-
grated into the wearable device.

[0006] In one aspect, an apparatus for detecting a fall of a
wearer of the apparatus includes a wireless communication
component, at least one sensor comprising an accelerometer
configured to measure motion of the apparatus, and a
processor. The processor is configured to sample signal data
received from the accelerometer, and responsive to deter-
mining that a first portion of the signal data exceeds a first
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threshold indicative of a fall of a wearer of the electronic
device and that a second portion of the signal data is within
a range indicative of motion stillness following the fall,
generate a preliminary indication of fall detection associated
with the signal data. The processor is further configured to
apply a machine learning classifier to the signal data asso-
ciated with the preliminary indication to generate a fall
classification indicating the signal data represents a fall of
the wearer of the electronic device. The processor is further
configured to transmit, via the wireless communication
component of the electronic device, a notification that the
wearer of the electronic device has fallen.

[0007] In another aspect, the first portion of the signal data
includes a first channel of signal data from the accelerometer
during a first time period, and the second portion of the
signal data includes a second channel of signal data from the
accelerometer during a second time period subsequent to the
first time period.

[0008] In another aspect, the processor is further config-
ured to activate an alarm of the electronic device in response
to a generated fall classification, and in response to receiving
a button input of the electronic device within a first threshold
period of time from alarm activation, refrain from transmit-
ting the notification that the wearer of the electronic device
has fallen. The notification is transmitted if a button input is
not received within a second threshold period of time from
alarm activation that is longer than the first threshold period
of time.

[0009] In another aspect, the apparatus further includes a
heart rate sensor. The processor is further configured to
determine a heart rate of the wearer of the electronic device,
by: sampling heart-rate signal data from the heart rate sensor
at a first frequency; determining signal points of decreased
measurements in the heart-rate signal data; calculating an
average distance between the signals points of decreased
measurements; and calculating a current heart rate of the
wearer of the electronic device as a ratio of the first
frequency of the heart rate sensor to the calculated average
distance.

[0010] In another aspect, the processor is further config-
ured to determine an abnormal heart rate of the wearer of the
apparatus based on a comparison of the calculated heart rate
to a stored previously-measured heart rate, and transmit, via
the wireless communication component of the electronic
device, a notification of an abnormal heart beat.

[0011] In another aspect, the wireless communications
component includes a cellular data transceiver and a Blu-
etooth Low Energy data transceiver.

[0012] In another aspect, the wireless communications
component is configured to transmit the notification to a
second party associated with the wearer of electronic device.
[0013] According to one aspect, a computer-implemented
method for fall detection of a wearer of an electronic device
is provided. The method includes sampling signal data
received from an accelerometer of the electronic device, and
responsive to determining that a first portion of the signal
data exceeds a first threshold indicative of a fall of a wearer
of the electronic device and that a second portion of the
signal data is within a range indicative of motion stillness
following the fall, generating a preliminary indication of fall
detection associated with the signal data. The method further
includes applying a machine learning classifier to the signal
data associated with the preliminary indication to generate a
fall classification indicating the signal data represents a fall
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of the wearer of the electronic device; and transmitting, via
a wireless communication component of the electronic
device, a notification that the wearer of the electronic device
has fallen.

[0014] According to another exemplary aspect, a com-
puter-readable medium is provided comprising instructions
that comprises computer executable instructions for per-
forming any of the methods disclosed herein.

[0015] The above simplified summary of example aspects
serves to provide a basic understanding of the present
disclosure. This summary is not an extensive overview of all
contemplated aspects, and is intended to neither identify key
or critical elements of all aspects nor delineate the scope of
any or all aspects of the present disclosure. Its sole purpose
is to present one or more aspects in a simplified form as a
prelude to the more detailed description of the disclosure
that follows. To the accomplishment of the foregoing, the
one or more aspects of the present disclosure include the
features described and exemplarily pointed out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are incorpo-
rated into and constitute a part of this specification, illustrate
one or more example aspects of the present disclosure and,
together with the detailed description, serve to explain their
principles and implementations.

[0017] FIG. 1 is a block diagram illustrating a system for
fall detection of a wearer of an electronic device according
to an exemplary aspect.

[0018] FIG. 2 is a block diagram illustrating the wearable
device of FIG. 1 in greater detail according to an exemplary
aspect.

[0019] FIG. 3 is a chart illustrating a graph of signal data

measured by the accelerometer and used for fall detection.
[0020] FIG. 4 is a chart illustrating a graph of signal data
measured by a sensor and used for heart rate measurement.
[0021] FIG. 5 is a flowchart illustrating a method for fall
detection of a wearer of an electronic device, according to an
exemplary aspect

[0022] FIG. 6 is a block diagram of a special-purpose
computer system on which the disclosed system and method
can be implemented according to an exemplary aspect.

DETAILED DESCRIPTION

[0023] Exemplary aspects are described herein in the
context of a system, method, and computer program product
for fall detection of a wearer of an electronic device. Those
of ordinary skill in the art will realize that the following
description is illustrative only and is not intended to be in
any way limiting. Other aspects will readily suggest them-
selves to those skilled in the art having the benefit of this
disclosure. Reference will now be made in detail to imple-
mentations of the example aspects as illustrated in the
accompanying drawings. The same reference indicators will
be used to the extent possible throughout the drawings and
the following description to refer to the same or like items.
[0024] FIG. 1is a block diagram illustrating a system 100
for fall detection of a wearer 101 of an electronic device 102
according to an exemplary aspect. The system 100 includes
a wearable device 102 configured to be equipped by a user
(wearer 101) and to perform automated monitoring for fall
detection, heart rate (HR), pulse, location, body temperature,
inactivity, and other health-related issues. The wearable
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device 102 may be configured to transmit information
directly to an application server 109, instead of a call-center,
via a network 107 by way of a cellular base station 104 or
a wireless access point 106. The application server 109 may
be configured to relay to a user device 108 (as operated by
a third party 103) executing a user application 120 one or
more notifications 121 related to the activity of the wearer
101. In one particular example, the wearer 101 may be an
elderly person, and the third-party user 103 may be a family
member or caregiver of the wearer 101 seeking to receive
real-time health information, location and possible fall noti-
fications related to the wearer 101.

[0025] Inone aspect, the wearable device 102 may include
one or more sensors 110, one or more hardware input
elements (e.g., buttons 111), a fall detection component 112,
a heart rate detection component 114, a machine learning
component 116, and a wireless communications component
118. In some aspects, the wearable device 102 may have a
form factor configured to enable the wearable device to be
worn on a wrist of the user, such as a bracelet or watch,
although other configurations for wearing the device 102
may be utilized.

[0026] In an aspect, the one or more sensors 110 may be
configured to obtain sensor signal data related to the health
or activity of the wearer 101. Examples of the sensors 110
may include one or more accelerometers, gyroscopes, infra-
red sensors, heart rate sensors, light sensors, proximity
sensors, touch sensors, compass, and a barometric altimeter.
In some aspects, the wearable device 102 may include one
or more input elements (buttons 111) configured to receive
input, from the wearer 101, that confirms or cancels/over-
rides certain health alerts (such as a detected fall.) In some
aspects, the wearable device 102 may include a limited
number of hardware input elements (buttons 111), say, two
or less, to simplify the user interface and improve the use
experience for the wearer 101. The wearable device 102 may
further include one or more output devices, including speak-
ers for emitting an alarm, haptic-related devices for gener-
ating vibration, a graphical display (e.g., LED, LCD),
[0027] In an aspect, the base station 105 may wirelessly
communicate with the wearable device 102 via one or more
base station antennas. The base station 105 (and other base
stations, not shown) may provide communication coverage
for a respective geographic coverage area 131. In some
examples, the base station 105 may be referred to as a base
transceiver station, a radio base station, an access point, an
access node, a radio transceiver, a NodeB, eNodeB (eNB),
gNB, Home NodeB, a Home eNodeB, a relay, or some other
suitable terminology. Additionally, the plurality of base
stations 105 may operate according to different ones of a
plurality of communication technologies (e.g., 5G (New
Radio), fourth generation (4G)/LTE, 3G, GSM, CDMA,
Wi-Fi, Bluetooth, etc.), and thus there may be overlapping
geographic coverage areas 131 for different communication
technologies.

[0028] The wearable device 102 may be configured to
establish one or more wireless communication links 135
with one or more base stations 105. The wireless commu-
nication links 135 shown in wireless communication net-
work of the system 100 may carry uplink (UL) transmissions
from the wearable device 102 to a base station 105, or
downlink (DL) transmissions, from a base station 105 to the
wearable device 102. The wireless communications network
of the system 100 may further include a base station (access
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point 106) operating according to Wi-Fi technology, e.g.,
Wi-Fi access points, in communication with the wearable
device 102 operating according to Wi-Fi technology, e.g.,
Wi-Fi stations (STAs) via communication links in an unli-
censed frequency spectrum (e.g., 5 GHz) or via Bluetooth ®
Low Energy.

[0029] The application server 109 may include a web
application 130 configured to coordinate with the wearable
device 102 to facilitate performing automatic fall detection,
heart rate measurement, and push notifications for detected
falls and measured heart rates and may include several
machine learning and artificial intelligence algorithms to
improve the automated fall detection and eliminate false
alarms.

[0030] FIG. 2 is a block diagram illustrating the wearable
device 102 of FIG. 1 in greater detail according to an
exemplary aspect. As shown, the wearable device 102 may
include a buzzer or alarm component 202 configured to
provide audio/visual feedback to the wearer when the wear-
able device requires user input or user intervention and
provide reminders, for example for taking prescribed medi-
cine. The wearable device 102 may include a heart rate
sensor 204 configured to generate heart rate sensors data
based one or more measurements related to the wearer 101.
The wearable device 102 may include an accelerometer 206
configured to generate signal data related to the motion of
the device 102 (and in turn, the wearer 101). The wearable
device 102 may further include a global-positioning-system
(GPS) component 208 configured to receive one or more
location-based signals from one or more GPS transmitters
that may be used to identify the geographical location of the
wearable device 102.

[0031] In some aspects, the wearable device 102 may
include a processor 210 and a memory 212 configured to
receive signal data and other input data from any of the
buzzer/alarm 202, button(s) 111, heart rate sensor 204,
accelerometer 206, and GPS component 208. The processor
210 may include the sub-components a machine learning
component 116, a fall detection component 112, and a heart
rate detection component 114. The memory 212 may be any
memory or storage device, which may store generated
output from the processor, including indications of button
presses, alert statuses, indications of abnormal heart rate
detection, and indications of a fall detection. As shown, the
processor 210 may be communicatively connected to the
wireless communications component 118.

[0032] In one aspect, the wireless communications com-
ponent 118 may include a sub-component 214 configured to
perform short-range wireless communications using one or
more antennas 215, such as according to the Bluetooth Low
Energy (BLE) protocol. For example, the BLE component
214 may transmit and receive communications with the
application server 109 via an access point 106 using a
combination of BLE and Wi-Fi communication protocols.
The wireless communications component 118 may further
include a sub-component 216 configured to perform wireless
cellular communications using one or more antennas 215,
such as according to the GSM (or CDMA or TDMA) cellular
communications protocol. In some aspects, the processor
210 may selectively operate the wireless communications
component 118 to switch between communication modes
(i.e., BLE or GSM) according to availability of base stations,
access points, interference, and other network conditions. In
one aspect, the wireless communications component 118
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may be a low-power, system-on-chip (SoC) for Bluetooth
low energy applications. and includes an RF transceiver,
microcontroller, in-system programmable flash memory, and
other integrated sub-components.

Fall Detection

[0033] According to an aspect, the fall detection compo-
nent 112 may be configured to perform fall detection of the
wearer 101 of the device 102 using a two-step approach:
first, a preliminary pattern recognition algorithm to deter-
mine whether the system should execute the second step,
and second, a machine learning algorithm for determining
with high precision (few false positives) whether the signal
represents a fall.

[0034] Listing 1, below, contains pseudocode configured
to perform the pattern recognition on the sampled sensor
data to generate an indication of a preliminary indication of
fall detection (“POSSIBLE FALL”). In one particular
aspect, the fall detection component 112 may track three
“channels” of the signal obtained from the accelerometer
206 and that refer to parts of the signal that matches certain
expectations. For sake of discussion, these channels are
labeled “green”, “yellow”, and “red”. As shown below, the
red channel of sensor data may be associated with a high
level of acceleration (e.g., that may be used to characterize
an impact). The yellow channel may be associated with a
medium level of acceleration. The green channel of sensor
data may be associated with a low level of acceleration (e.g,,
that may be used to characterize a period of inactivity
following the impact). In one implementation, signal data is
collected from the accelerometer 206 at 100 Hz. It may be
stored in a temporary buffer (e.g., in a FIFO manner). In one
implementation, the pattern recognition run on sequences of
10 seconds, therefore resulting in 100 points of data (i.e.,
“acceleration points™).

[0035] The below algorithm considers the magnitude of
the acceleration (line 2), but other aspects of the present
disclosure may be extended to further consider the direction
of the acceleration.

Listing 1: Pseudo-code for Fall Detection

1 For each acceleration point {
2 float mag = sqrt(x*x + y*y + z%*z); // magnitude
3 if (mag > RED_CH_ THRESHOLD) {
4 red__channel_ expiration = RED_ CH_ MAX_ AGE;
5 green__channel ent = green_ channel tolerance_cnt = 0;
6
7 else if (red_channel expiration == 0) {
8 green__channel ent = green_ channel tolerance_cnt = 0;
9
10 else {
11 red_ channel expiration—-;
12 if ((mag >= GREEN_CH_MIN) && (mag <=
GREEN_CH_MAX)) {
13 green_ channel cnt++;
14
13 else if ({green__channel_ cnt >

GREEN_CH_ TOLERANCE_ SKIP) &&
(green_ channel tolerance_cnt < GREEN_CH_ TOLERANCE)) {

16 green__channel__cnt++;
17 green_ channel_tolerance_ cnt++;
18
19 else {
20 green_ channel_cnt =

green_ channel_tolerance_cnt = 0;
21 1
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-continued

Listing 1: Pseudo-code for Fall Detection

22 }

23 )

24

25 if (green_channel_cnt >= GREEN_CH_MIN__LEN)

26 return POSSIBLE__FALL;

27 else

28 return NOT_FALL;

[0036] In one aspect, the fall detection component 112

may sample signal data received from the accelerometer
206, and perform a preliminary pattern recognition on the
sampled signal data. The fall detection component 112 may
be configured to detect a pattern of a fall characterized by an
impact (i.e., high acceleration) followed by some motion
stillness (i.e., very low acceleration). In some aspects, the
fall detection component 112 may determine whether the
signal data can be characterized by an impact (high accel-
eration from the red channel) followed by a period of very
low acceleration (from the green channel). In some aspects,
the fall detection component 112 may determine whether a
first portion of the signal data exceeds a first threshold
indicative of a fall of a wearer of the electronic device (line
3, RED_CH_THRESHOLD), and whether a second portion
of the signal data is within a range indicative of motion
stillness following the fall (line 12).

[0037] The above algorithm employs a number of tunable
parameters, including a parameter indicating a minimum
length of the green channel signal data (GREEN_CH_MIN_
LEN). a parameter indicating a tolerance value for the green
channel signal data, (GREEN_CH_TOLERANCE), a
parameter indicting a tolerance value for skipping red chan-
nel signal data when characterizing the green channel signal
data (GREEN_CH_TOLERANCE_SKIP), a parameter for
first threshold value for red channel signal data indicating a
fall or impact (RED_CH_THRESHOLD), a parameter for a
maximum age of the red channel signal data (RED_CH_
MAX_AGE), and a parameter for threshold values of green
channel signal data defining a range of values associated
with the motion inactivity (GREEN_CH_MIN and
GREEN_CH_MAX). It has been determined that modifying
these parameters can increase or decrease the sensitivity of
the pattern recognition algorithm, in particular the param-
eters associated with the red channel of signal data.

[0038] In some aspects, the fall detection component 112
may detect a fall at least in part based on a red channel age
parameter (RED_CH_MAX_AGE) that regulates how long
the system waits for a pattern of low acceleration (green
channel) after high acceleration (red channel) is triggered. If
the red channel signal data ages out, the fall detection
component ignores a subsequent green pattern. This may be
used to handle the case in which (acceleration-based) inac-
tivity occurs too late after an impact. For example, the fall
detection component 112 may detect an impact at time 9:00
and a period of inactivity at time 10:30, but would determine
this is not a case of a fall and rule it out.

[0039] In some aspects, the fall detection component 112
may detect a fall at least in part based on a green-channel
tolerance skip parameter (GREEN_CH_TOLERANCE_
SKIP) that configures how many signal points can be
ignored between red and green channels, while still detect-
ing the pattern of an impact followed by inactivity. This may
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be used to handle the case that after an impact, a wearer of
the electronic device might have some other movements
before becoming unresponsive, such as rolling, bouncing, or
spasms. In another aspect, the fall detection component 112
may detect a fall at least in part based on a green channel
tolerance parameter (GREEN_CH_TOLERANCE) that
configures how many signal points can be ignored in the
green channel, in general. It has been determined that, in
practice, the green channel of signal data may be highly
sensitive, and the accelerometer readings can be noisy and
imperfect. The fall detection component 112 may use the
green-channel tolerance parameter to ignore or allow a
certain number of readings to be out of range while still
characterizing signal data as green channel. Nevertheless, in
response to calculating a count of out-of-interval readings
exceeds the green channel tolerance parameter, the fall
detection component 112 may refrain from characterizing a
portion of the signal data as green channel.

[0040] In some aspects, the fall detection component 112
may incorporate signal data from other sensors 110 of the
electronic device in its determination of whether a fall has
occurred. For example, the fall detection component 112
may determine if a fall of the wearable device has occurred
based on, in addition to accelerometer signals, an abnormal
heart rate measurement representing that the wearer of the
wearable device 102 may be in physiological distress. In
some aspects, the fall detection component 112 may refrain
from detecting a fall in response to an indication from a
proximity sensor of the wearable device that the user is not
currently wearing the wearable device (e.g., if the unworn
device has simply fallen off a table, if the device has fallen
off the user themselves). In some aspects, the fall detection
component may refrain from detecting a fall in response to
an indication from the heart rate sensor 204 that the user is
not wearing the device (e.g., a null heart rate measurement).

[0041] In one aspect, in response to a preliminary deter-
mination of a fall, the fall detection component 112 may then
apply a machine learning classifier (e.g., machine learning
component 116) to the signal data to generate a fall classi-
fication indicating the signal data represents a fall of the
wearer of the electronic device. In some aspects, the
machine learning component 116 may be configured as a
shallow convolutional neural network architecture, training
of network (weights), and implementation of an inference
engine (framework) that will help eliminate false positive
alarms (fall detected) and optimally execute all computa-
tions specified by the neural network architecture on the
wearable device 102 embedded computational system. In an
aspect, the neural network of the machine learning compo-
nent 112 may be trained by an analysis of a large set of data,
containing both accelerometer readings from persons fall-
ing, and from normal wear. The network may be trained via
a feedback mechanism to properly label (i.e., classify) the
fall data versus non-fall data.

[0042] If a fall is detected using the machine learning
component 116, the fall detection component 112 may
transmit, via the wireless communications component 118, a
notification 121 that the wearer 101 of the electronic device
has fallen. In some aspects, the fall detection component 112
may generate a notification 121 that includes other well-
being or biometric information measured from other sensors
110 or other sub-components of the wearable device 102.
For example, the fall detection component 112 may query
the heart rate detection component 114 for a heart rate
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measurement to be included with the fall notification to
increase the context for the recipient of the fall notification,
e.g., know if the wearer is in further physical distress. In
another example, the fall detection component 112 may
query for several heart rate measurements, e.g., from the
time period prior to the detected fall, concurrent with the
detected fall, and from the time period subsequent to the
detected fall. In other aspects, the fall detection component
112 may query the GPS component 208 for the current
geographic location of the wearable device 102 and include
the geographic location into the fall notification 121. In this
way, a recipient of the fall notification may be able to
determine where the wearer of the wearable device 102 is if
aid needs to be dispatched to their location.

[0043] In some aspects, the buttons 111 of the device 102
may be used to confirm or cancel notification of a detected
fall. For example, the wearer 101 may cancel notification of
an erroneous fall detection (e.g., if no fall took place), or
cancel notification a detected fall that was minor (e.g., in
which no help is desired). In some aspects, if the application
server 109 detects an emergency, the application server 109
may instruct the wearable device 102 to ring the alarm 202.
If the user presses the button 111 within a threshold period
of time (e.g., 15 seconds), the wearable device 102 transmits
a cancellation message to the application server 109, result-
ing in the application server 109 refraining from transmitting
the notification 121. If the application server 109 does not
receive an answer within another threshold period of time
(e.g., 20 seconds) after the device 102 received the instruc-
tions, the application server 109 may send a notification
message 121 to the application 120 (which may include text
messages, etc.)

[0044] FIG. 3 is a chart illustrating graphs 300, 310 of
signal data measured by the accelerometer and used for fall
detection. Graph 300 includes multiple channels (“Acc X,
“Acc Y”, “Acc Z7) of signal data received from the accel-
erometer 206 received over a period of time (e.g., =0 to
t=50). As described earlier, the fall detection component 112
detects the accelerometer signal data exceeds a threshold
(shown as dashed line 305) representing an impact in a first
portion of the signal data (e.g., at least one of the channels
Acc X, during a first period of time 302). The fall detection
component 112 may further determine the accelerometer
signal data is within a range (demarcated by a dashed line
307) representing motion stillness following a possible fall,
in a second portion of the signal data during a subsequent
period of time 304, in a same (e.g., “Acc X”) or different
(e.g., “Acc Y”) channel of signal data. Also shown in FIG.
3, graph 310 depicts another exemplary accelerometer signal
data having a first portion 302 of signal data and a second
portion 304 of signal data that are characteristic of a fall of
a wearer of the user device.

Heart Rate Detection

[0045] According to an aspect, the heart rate detection
component 114 may be configured to determine a heart rate
of the wearer of the device 102 using a pattern recognition
approach. The heart rate detection component 114 may
sample heart-rate signal data from the heart rate sensor 204
of the electronic device, and look for points of large
decreases in the heart rate signal, and averages the distance
between the points. For sake of discussion, the distances’
unit of measure is referred to herein as “signal points.” In
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some aspects, the signal data received from the heart rate
sensor 204 may represent a level of light intensity detected
by the heart rate sensor 204.

[0046] Listing 2 below provides pseudocode configured to
perform the pattern recognition on the sampled heart rate
sensor data to calculate a heart rate of the user.

Listing 2: Pseudo-code for Heart Rate Detection

Remove the outliers in the signal data
Find points where heart rate signal shows significant decreases
Distances[ ] = array of the distance between the points found above
Avg_ distance = average(Distances)
If StdDev(Distances) = 0
Confidence = 1
else
Confidence = min(1, ConstantFactor/StdDev(Distances))
7. Heart_rate = 60 * frequency/avg distance
8. Return [Heart_rate and Confidence]

ok W

a

[0047] Insome aspects, the heart rate detection component
114 may determine signal points of decreased measurements
in the heart-rate signal data (line 2). The heart rate detection
component 114 may then calculate an average distance
between the signals points of decreased measurements (line
4), and calculate a current heart rate of the wearer of the
device 102 as a ratio of the frequency of the heart rate sensor
to the calculated average distance (7). For example, the heart
rate sensor frequency may be 50 Hz, resulting in 50 signals
per second. As such, the average beats-per-second is calcu-
lated as 50/average_distance. Therefore, the final calculated
heart rate in beats-per-minute is computed as 60*50/aver-
age distance. In some aspects, the heart rate detection
component 114 may further calculate a confidence level
associated with the calculated heart rate (lines 5-6).

[0048] In some aspects, the heart rate detection component
114 may determine what constitutes a significant decrease
(for purposes of identifying signal points) according to a
predetermined value. In other aspects, the heart rate detec-
tion component may determine what constitutes a significant
decrease based on an iterative calculation that incrementally
calculates a threshold value based on a best-confidence
criterion. An example iterative calculation is show in
pseudocode in Listing 3 below. As shown, the algorithm
initiates using a value X and iterates, on each iteration
increasing the value of X (e.g., by 5%) until a value is
reached that is impermissible high (e.g., 1000000). Then, the
results are gathered and the value of X is chosen that has the
best confidence.

Listing 3: Pseudo-code for Heart Rate Signal Processing

bestConfidence = -1
bestHR = -1
max = -1
for(i =100; i< 1000000; i *= 1.05) {
(confidence, detectedHR) = runHRDetect(i)
if {confidence > max) {
bestConfidence = confidence
bestHR = detectedHR

[0049] In some aspects, the heart rate detection component
114 may be configured to store and track the calculated heart
rates, for example, as time-series data. As such, the heart rate
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detection component 114 may determine an abnormal heart
rate of the wearer 101 based on a comparison of a current
calculated heart rate to a stored previously-measured heart
rate. In some aspects, the heart rate detection component 114
may transmit, via the wireless communications component
118, a notification of an abnormal heart beat.

[0050] FIG. 4 is a chart illustrating graphs 400, 410 of
signal data measured by a sensor and used for heart rate
measurement. As shown in graph 400, the signal data from
the heart rate sensor may include signal points of decreased
measurements in the heart-rate signal data (points 402),
where an example distance between signal points is shown
as distance 403. The heart rate detection component 114 may
calculate a heart rate of the wearer of the device 102 as a
ratio of the frequency of the heart rate sensor to an average
distance. Graph 410 shown in FIG. 4 depicts another
example signal data from a heart rate sensor 204 in which
the measured heart rate may decline over a period of time.
[0051] FIG. 5 is a flowchart illustrating a method 500 for
fall detection of a wearer of an electronic device, according
to an exemplary aspect. It is noted that the following
description of the exemplary method makes reference to the
system and components described above.

[0052] The method 500 begins at 501, in which the fall
detection component 112 samples signal data received from
an accelerometer 206 of the electronic device (e.g., wearable
device 102).

[0053] At steps 502 and 503, the fall detection component
112 determines whether a first portion of the signal data
exceeds a first threshold indicative of a fall of a wearer of the
electronic device and a second portion of the signal data is
within a range indicative of motion stillness following the
fall. 9. If so, at step 504, the fall detection component 112
generates a preliminary indication of fall detection associ-
ated with the signal data. Otherwise, the fall detection
component 112 may return operations to step 501 and
continue sampling accelerometer signal data.

[0054] In some aspects, the first portion of the signal data
comprises a first channel of signal data from the acceler-
ometer during a first time period, and the second portion of
the signal data comprises a second channel of signal data
from the accelerometer during a second time period subse-
quent to the first time period.

[0055] At step 506, the fall detection component 112 may
apply a machine learning classifier to the signal data asso-
ciated with the preliminary indication to generate a fall
classification indicating the signal data represents a fall of
the wearer of the electronic device.

[0056] At step 508, the fall detection component 112 may
transmit, via a wireless communications component 118 of
the electronic device, a notification that the wearer of the
electronic device has fallen. In some aspects, the wireless
communications component 118 comprises a cellular data
transceiver and a Bluetooth Low Energy data transceiver. In
some aspects, transmitting the notification comprises trans-
mitting the notification to a second party associated with the
wearer of electronic device.

[0057] In some aspects, the fall detection component 112
may activate an alarm of the electronic device in response to
a generated fall classification. In response to receiving a
button input of the electronic device within a first threshold
period of time from alarm activation, the fall detection
component 112 may refrain from transmitting the notifica-
tion that the wearer of the electronic device has fallen.
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Otherwise, the notification may be transmitted if a button
input is not received within a second threshold period of
time from alarm activation that is longer than the first
threshold period of time.

[0058] In another aspect, a heart rate detection component
114 of the wearable device may further determine a heart
rate of the wearer of the electronic device, by: sampling
heart-rate signal data from a heart rate sensor of the elec-
tronic device at a first frequency, determining signal points
of decreased measurements in the heart-rate signal data,
calculating an average distance between the signals points of
decreased measurements, and calculating a current heart rate
of the wearer of the electronic device as a ratio of the first
frequency of the heart rate sensor to the calculated average
distance. In some aspects, the heart rate detection compo-
nent 114 may determine an abnormal heart rate of the wearer
of the apparatus based on a comparison of the calculated
heart rate to a stored previously-measured heart rate, and
transmit, via the wireless communication component of the
electronic device, a notification of an abnormal heart beat.

[0059] FIG. 6 is a block diagram illustrating a special-
purpose computer system 20 on which aspects of systems
and methods for fall detection of a wearer of an electronic
device may be implemented in accordance with an exem-
plary aspect. It should be noted that the computer system 20
can correspond to the application server 109 or user device
108, for example, described earlier.

[0060] As shown, the computer system 20 (which may be
a personal computer or a server) includes a central process-
ing unit 21, a system memory 22, and a system bus 23
connecting the various system components, including the
memory associated with the central processing unit 21. As
will be appreciated by those of ordinary skill in the art, the
system bus 23 may comprise a bus memory or bus memory
controller, a peripheral bus, and a local bus that is able to
interact with any other bus architecture. The system memory
may include permanent memory (ROM) 24 and random-
access memory (RAM) 25, The basic input/output system
(BIOS) 26 may store the basic procedures for transfer of
information between elements of the computer system 20,
such as those at the time of loading the operating system
with the use of the ROM 24.

[0061] The computer system 20, may also comprise a hard
disk 27 for reading and writing data, a magnetic disk drive
28 for reading and writing on removable magnetic disks 29,
and an optical drive 30 for reading and writing removable
optical disks 31, such as CD-ROM, DVD-ROM and other
optical media. The hard disk 27, the magnetic disk drive 28,
and the optical drive 30 are connected to the system bus 23
across the hard disk interface 32, the magpetic disk interface
33 and the optical drive interface 34, respectively. The drives
and the corresponding computer information media are
power-independent modules for storage of computer instruc-
tions, data structures, program modules and other data of the
computer system 20.

[0062] An exemplary aspect comprises a system that uses
a hard disk 27, a removable magnetic disk 29 and a
removable optical disk 31 connected to the system bus 23
via the controller 55. It will be understood by those of
ordinary skill in the art that any type of media 56 that is able
to store data in a form readable by a computer (solid state
drives, flash memory cards, digital disks, random-access
memory (RAM) and so on) may also be utilized.
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[0063] The computer system 20 has a file system 36, in
which the operating system 35, may be stored, as well as
additional program applications 37, other program modules
38, and program data 39. A user of the computer system 20
may enter commands and information using keyboard 40,
mouse 42, or any other input device known to those of
ordinary skill in the art, such as, but not limited to, a
microphone, joystick, game controller, scanner, etc. Such
input devices typically plug into the computer system 20
through a serial port 46, which in turn is connected to the
system bus, but those of ordinary skill in the art will
appreciate that input devices may be also be connected in
other ways, such as, without limitation, via a parallel port, a
game pott, or a universal serial bus (USB). A monitor 47 or
other type of display device may also be connected to the
system bus 23 across an interface, such as a video adapter
48. In addition to the monitor 47, the personal computer may
be equipped with other peripheral output devices (not
shown), such as loudspeakers, a printer, etc.

[0064] Computer system 20 may operate in a network
environment, using a network connection to one or more
remote computers 49. The remote computer (or computers)
49 may be local computer workstations or servers compris-
ing most or all of the aforementioned elements in describing
the nature of a computer system 20. Other devices may also
be present in the computer network, such as, but not limited
to, routers, network stations, peer devices or other network
nodes.

[0065] Network connections can form a local-area com-
puter network (LAN) 50 and a wide-area computer network
(WAN). Such networks are used in corporate computer
networks and internal company networks, and they gener-
ally have access to the Internet. In LAN or WAN networks,
the personal computer 20 is connected to the local-area
network 50 across a network adapter or network interface
51. When networks are used, the computer system 20 may
employ a modem 54 or other modules well known to those
of ordinary skill in the art that enable communications with
a wide-area computer network such as the Internet. The
modem 54, which may be an internal or external device, may
be connected to the system bus 23 by a serial port 46. It will
be appreciated by those of ordinary skill in the art that said
network connections are non-limiting examples of numer-
ous well-understood ways of establishing a connection by
one computer to another using communication modules.
[0066] In various aspects, the systems and methods
described herein may be implemented in hardware, soft-
ware, firmware, or any combination thereof If implemented
in software, the methods may be stored as one or more
instructions or code on a non-transitory computer-readable
medium. Computer-readable medium includes data storage.
By way of example, and not limitation, such computer-
readable medium can comprise RAM, ROM, EEPROM,
CD-ROM, Flash memory or other types of electric, mag-
netic, or optical storage medium, or any other medium that
can be used to carry or store desired program code in the
form of instructions or data structures and that can be
accessed by a processor of a general purpose computer.
[0067] In various aspects, the systems and methods
described in the present disclosure can be addressed in terms
of modules. The term “module” as used herein refers to a
real-world device, component, or arrangement of compo-
nents implemented using hardware, such as by an applica-
tion specific integrated circuit (ASIC) or field-program-
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mable gate array (FPGA), for example, or as a combination
of hardware and software, such as by a microprocessor
system and a set of instructions to implement the module’s
functionality, which (while being executed) transform the
microprocessor system into a special-purpose device. A
module may also be implemented as a combination of the
two, with certain functions facilitated by hardware alone,
and other functions facilitated by a combination of hardware
and software. In certain implementations, at least a portion,
and in some cases, all, of a module may be executed on the
processor of a general purpose computer (such as the one
described in greater detail in FIG. 6, above). Accordingly,
each module may be realized in a variety of suitable con-
figurations, and should not be limited to any particular
implementation exemplified herein.
[0068] In the interest of clarity, not all of the routine
features of the aspects are disclosed herein. It would be
appreciated that in the development of any actual imple-
mentation of the present disclosure, numerous implementa-
tion-specific decisions must be made in order to achieve the
developer’s specific goals, and these specific goals will vary
for different implementations and different developers. It is
understood that such a development effort might be complex
and time-consuming, but would nevertheless be a routine
undertaking of engineering for those of ordinary skill in the
art, having the benefit of this disclosure.
[0069] Furthermore, it is to be understood that the phrase-
ology or terminology used herein is for the purpose of
description and not of restriction, such that the terminology
or phraseology of the present specification is to be inter-
preted by the skilled in the art in light of the teachings and
guidance presented herein, in combination with the knowl-
edge of the skilled in the relevant art(s). Moreover, it is not
intended for any term in the specification or claims to be
ascribed an uncommon or special meaning unless explicitly
set forth as such.
[0070] The various aspects disclosed herein encompass
present and future known equivalents to the known modules
referred to herein by way of illustration. Moreover, while
aspects and applications have been shown and described, it
would be apparent to those skilled in the art having the
benefit of this disclosure that many more modifications than
mentioned above are possible without departing from the
inventive concepts disclosed herein.
What is claimed is:
1. An apparatus for detecting a fall of a wearer of the
apparatus, comprising:
a wireless communication component;
at least one sensor comprising an accelerometer config-
ured to measure motion of the apparatus;
a processor configured to:
sample signal data received from the accelerometer;
responsive to determining that a first portion of the
signal data exceeds a first threshold indicative of a
fall of a wearer of the electronic device and that a
second portion of the signal data is within a range
indicative of motion stillness following the fall,
generate a preliminary indication of fall detection
associated with the signal data;
apply a machine learning classifier to the signal data
associated with the preliminary indication to gener-
ate a fall classification indicating the signal data
represents a fall of the wearer of the electronic
device; and
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transmit, via the wireless communication component of
the electronic device, a notification that the wearer of
the electronic device has fallen.

2. The apparatus of claim 1, wherein the first portion of
the signal data comprises a first channel of signal data from
the accelerometer during a first time period, and the second
portion of the signal data comprises a second channel of
signal data from the accelerometer during a second time
period subsequent to the first time period.

3. The apparatus of claim 1, wherein the processor is
further configured to:

activate an alarm of the electronic device in response to a

generated fall classification; and

in response to receiving a button input of the electronic

device within a first threshold period of time from
alarm activation, refrain from transmitting the notifi-
cation that the wearer of the electronic device has
fallen,

wherein the notification is transmitted if a button input is

not received within a second threshold period of time
from alarm activation that is longer than the first
threshold period of time.
4. The apparatus of claim 1, further comprising a heart
rate sensor, and wherein the processor is further configured
to:
determine a heart rate of the wearer of the electronic
device, by:
sampling heart-rate signal data from the heart rate
sensor at a first frequency;
determining signal points of decreased measurements
in the heart-rate signal data;
calculating an average distance between the signals
points of decreased measurements; and
calculating a current heart rate of the wearer of the
electronic device as a ratio of the first frequency of
the heart rate sensor to the calculated average dis-
tance.
5. The apparatus of claim 4, wherein the processor is
further configured to:
determine an abnormal heart rate of the wearer of the
apparatus based on a comparison of the calculated heart
rate to a stored previously-measured heart rate; and

transmit, via the wireless communication component of
the electronic device, a notification of an abnormal
heart beat.

6. The apparatus of claim 1, wherein the wireless com-
munications component comprises a cellular data trans-
ceiver and a Bluetooth Low Energy data transceiver.

7. The apparatus of claim 1, wherein the wireless com-
munications component is configured to transmit the noti-
fication to a second party associated with the wearer of
electronic device.

8. A computer-implemented method for fall detection of a
wearer of an electronic device, comprising:

sampling signal data received from an accelerometer of

the electronic device;

responsive to determining that a first portion of the signal

data exceeds a first threshold indicative of a fall of a
wearer of the electronic device and that a second
portion of the signal data is within a range indicative of
motion stillness following the fall, generating a pre-
liminary indication of fall detection associated with the
signal data;
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applying a machine learning classifier to the signal data
associated with the preliminary indication to generate a
fall classification indicating the signal data represents a
fall of the wearer of the electronic device; and

transmitting, via a wireless communication component of
the electronic device, a notification that the wearer of
the electronic device has fallen.
9. The computer-implemented method of claim 8§,
wherein the first portion of the signal data comprises a first
channel of signal data from the accelerometer during a first
time period, and the second portion of the signal data
comprises a second channel of signal data from the accel-
erometer during a second time period subsequent to the first
time period.
10. The computer-implemented method of claim 8, fur-
ther comprising:
activating an alarm of the electronic device in response to
a generated fall classification; and

in response to receiving a button input of the electronic
device within a first threshold period of time from
alarm activation, refraining from transmitting the noti-
fication that the wearer of the electronic device has
fallen,

wherein the notification is transmitted if a button input is

not received within a second threshold period of time
from alarm activation that is longer than the first
threshold period of time.
11. The computer-implemented method of claim 8, further
comprising:
determining a heart rate of the wearer of the electronic
device, by:
sampling heart-rate signal data from a heart rate sensor
of the electronic device at a first frequency;
determining signal points of decreased measurements
in the heart-rate signal data;
calculating an average distance between the signals
points of decreased measurements; and
calculating a current heart rate of the wearer of the
electronic device as a ratio of the first frequency of
the heart rate sensor to the calculated average dis-
tance.
12. The computer-implemented method of claim 11, fur-
ther comprising:
determining an abnormal heart rate of the wearer of the
apparatus based on a comparison of the calculated heart
rate to a stored previously-measured heart rate; and

transmitting, via the wireless communication component
of the electronic device, a notification of an abnormal
heart beat.

13. The computer-implemented method of claim 8,
wherein the wireless communications component comprises
a cellular data transceiver and a Bluetooth Low Energy data
transceiver.

14. The computer-implemented method of claim 8,
wherein transmitting the notification comprises transmitting
the notification to a second party associated with the wearer
of electronic device.

15. A non-transitory computer readable medium compris-
ing computer executable instructions for fall detection of a
wearer of an electronic device, comprising:

sampling signal data received from an accelerometer of

the electronic device;

responsive to determining that a first portion of the signal

data exceeds a first threshold indicative of a fall of a
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wearer of the electronic device and that a second
portion of the signal data is within a range indicative of
motion stillness following the fall, generating a pre-
liminary indication of fall detection associated with the
signal data;

applying a machine learning classifier to the signal data
associated with the preliminary indication to generate a
fall classification indicating the signal data represents a
fall of the wearer of the electronic device; and

transmitting, via a wireless communication component of
the electronic device, a notification that the wearer of
the electronic device has fallen.

16. The non-transitory computer readable medium of
claim 15, wherein the first portion of the signal data com-
prises a first channel of signal data from the accelerometer
during a first time period, and the second portion of the
signal data comprises a second channel of signal data from
the accelerometer during a second time period subsequent to
the first time period.

17. The non-transitory computer readable medium of
claim 15, further comprising instructions for:

activating an alarm of the electronic device in response to
a generated fall classification; and

in response to receiving a button input of the electronic
device within a first threshold period of time from
alarm activation, refraining from transmitting the noti-
fication that the wearer of the electronic device has
fallen,
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wherein the notification is transmitted if a button input is
not received within a second threshold period of time
from alarm activation that is longer than the first
threshold period of time.
18. The non-transitory computer readable medium of
claim 15, further comprising instructions for:
determining a heart rate of the wearer of the electronic
device, by:
sampling heart-rate signal data from a heart rate sensor
of the electronic device at a first frequency;
determining signal points of decreased measurements
in the heart-rate signal data;
calculating an average distance between the signals
points of decreased measurements; and
calculating a current heart rate of the wearer of the
electronic device as a ratio of the first frequency of
the heart rate sensor to the calculated average dis-
tance.
19. The non-transitory computer readable medium of
claim 18, further comprising instructions for:
determining an abnormal heart rate of the wearer of the
apparatus based on a comparison of the calculated heart
rate to a stored previously-measured heart rate; and

transmitting, via the wireless communication component
of the electronic device, a notification of an abnormal
heart beat.

20. The non-transitory computer readable medium of
claim 15, wherein the wireless communications component
comprises a cellular data transceiver and a Bluetooth Low
Energy data transceiver.

I S I
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