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(57) ABSTRACT

In an example method, a mobile device obtains a signal
indicating an acceleration measured by a sensor over a time
period. The mobile device determines an impact experi-
enced by the user based on the signal. The mobile device
also determines, based on the signal, one or more first
motion characteristics of the user during a time prior to the
impact, and one or more second motion characteristics of the
user during a time after the impact. The mobile device
determines that the user has fallen based on the impact, the
one or more first motion characteristics of the user, and the
one or more second motion characteristics of the user, and
in response, generates a notification indicating that the user
has fallen.
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DETECTING FALLS USING A MOBILE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 62/565,988, filed Sep. 29, 2017, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to techniques for determin-
ing whether a user has fallen using a mobile device.

BACKGROUND

[0003] A motion sensor is a device that measures the
motion experienced by an object (e.g., the velocity or
acceleration of the object with respect to time, the orienta-
tion or change in orientation of the object with respect to
time, etc.). In some cases, a mobile device (e.g., a cellular
phone, a smart phone, a tablet computer, a wearable elec-
tronic device such as a smart watch, etc.) can include one or
more motion sensors that determine the motion experienced
by the mobile device over a period of time. If the mobile
device is worn by a user, the measurements obtained by the
motion sensor can be used to determine the motion experi-
enced by the user over the period of time.

SUMMARY

[0004] Systems, methods, devices and non-transitory,
computer-readable mediums are disclosed for electronically
determining whether a user has fallen using a mobile device.
[0005] In an aspect, a method includes obtaining, by a
mobile device, motion data indicating motion measured by
a motion sensor over a time period. The motion sensor is
worn or carried by a user. The method also includes deter-
mining, by the mobile device, an impact experienced by the
user based on the motion data, the impact occurring during
a first interval of the time period. The method also includes
determining, by the mobile device based on the motion data,
one or more first motion characteristics of the user during a
second interval of the time period. The second interval
occurs prior to the first interval. The method also includes
determining, by the mobile device based on the motion data,
one or more second motion characteristics of the user during
a third interval of the time period. The third interval occurs
after the first interval. The method also includes determin-
ing, by the mobile device, that the user has fallen based on
the impact, the one or more first motion characteristics of the
user, and the one or more second motion characteristics of
the user, and responsive to determining that the user has
fallen, generating, by the mobile device, a notification
indicating that the user has fallen.

[0006] Implementations of this aspect can include one or
more of the following features.

[0007] In some implementations, determining the one or
more first motion characteristics can include determining,
based on the motion data, that the user was walking during
the second interval.

[0008] In some implementations, determining the one or
more first motion characteristics can include determining,
based on the motion data, that the user was ascending or
descending stairs during the second interval.
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[0009] In some implementations, determining the one or
more first motion characteristics can include determining,
based on the motion data, that the user was moving a body
part according to a flailing motion or a bracing motion
during the second interval.

[0010] In some implementations, determining the one or
more second motion characteristics can include determining,
based on the motion data, that the user was walking during
the third interval.

[0011] In some implementations, determining the one or
more second motion characteristics can include determining,
based on the motion data, that the user was standing during
the third interval.

[0012] In some implementations, determining the one or
more second motion characteristics can include determining,
based on the motion data, that an orientation of a body part
of the user changed N or more times during the third
interval.

[0013] Insome implementations, determining that the user
has fallen can include determining, based on the motion
data, that the impact is greater than a first threshold value,
and determining, based on the motion data, that a motion of
the user was impaired during the third interval.

[0014] Insome implementations, determining that the user
has fallen can include determining, based on the motion
data, that the impact is less than a first threshold value and
greater than a second threshold value, determining, based on
the motion data, that the user was at least one of walking
during the second interval, ascending stairs during the
second interval, or descending stairs during the second
interval, determining, based on the motion data, that the user
was moving a body part according to a flailing motion or a
bracing motion during the second interval, and determining,
based on the motion data, that a motion of the user was
impaired during the third interval.

[0015] In some implementations, generating the notifica-
tion can include presenting an indication that the user has
fallen on at least one of a display device or an audio device
of the mobile device.

[0016] In some implementations, generating the notifica-
tion can include transmitting data to a communications
device remote from the mobile device, the data comprising
an indication that the user has fallen.

[0017] Insome implementations, determining that the user
has fallen can include generating a statistical model based on
one or more sampled impacts, one or more sampled first
motion characteristics, and one or more sampled second
motion characteristics. The one or more sampled impacts,
the one or more sampled first motion characteristics, and the
one or more sampled second motion characteristics can be
determined based on sample motion data. The sample
motion data can indicate motion measured by one or more
additional sensors over one or more additional time periods,
where each additional motion sensor is worn by a respective
additional user.

[0018] In some implementations, the statistical model can
be a Bayesian statistical model.

[0019] Insome implementations, the one or more sampled
first motion characteristics can include an indication of a
type of activity being performed by a particular additional
user with respect to the sample motion data, an indication of
an activity level of a particular additional user with respect
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to the sample motion data, and/or an indication of a walking
speed of a particular additional user with respect to the
sample motion data.

[0020] In some implementations, the method can be per-
formed by a co-processor of the mobile device. The co-
processor can be configured to receive motion data obtained
from one or more motion sensors, process the motion data,
and provide the processed motion data to one or more
processors of the mobile device.

[0021] In some implementations, the mobile device can
include the motion sensor.

[0022] Insome implementations, the mobile device can be
worn on an arm or a wrist of the user while the motion is
being measured by the sensor.

[0023] Insome implementations, the mobile device can be
a wearable mobile device.

[0024] In another aspect, a method includes obtaining, by
a mobile device, a first signal indicating an acceleration
measured by an accelerometer over a time period, and a
second signal indicating an orientation measured by an
orientation sensor over the time period, wherein the accel-
erometer and the orientation sensor are physically coupled to
a user. The method also includes determining, by the mobile
device, rotation data indicating an amount of rotation expe-
rienced by the user during the time period, determining, by
the mobile device, that the user has tumbled based on the
rotation data, and responsive to determining that the user has
tumbled, generating, by the mobile device, a notification
indicating that the user has tumbled.

[0025] TImplementations of this aspect can include one or
more of the following features.

[0026] In some implementations, the rotation data can
include a third signal indicating a rotation rate experienced
by the user during the time period.

[0027] In some implementations, the rotation data can
include an indication of one or more rotational axes of the
rotation in a reference coordinate system by the user during
the time period.

[0028] In some implementations, the rotation data can
include an indication of an average rotational axis of the
rotation by the user during the time period.

[0029] Insomeimplementations, determining that the user
has tumbled can include determining a variation between the
one or more rotational axes of the rotation by the user during
the time period and the average rotational axis of the rotation
by the user during the time period.

[0030] Insomeimplementations, determining that the user
has tumbled can include determining that the variation is
less than a first threshold value, and responsive to determin-
ing that the variation is less than the first threshold value,
determining a fourth signal corresponding to an angular
displacement of the user during the time period based on the
third signal.

[0031] In some implementations, determining the fourth
signal can include integrating the third signal with respect to
the period of time.

[0032] Insomeimplementations, determining that the user
has tumbled can include determining that the angular dis-
placement of the user during the period of time is greater
than a second threshold value, determining that at least one
of the one or more rotational axes of the rotation by the user
during the time period is greater than a third threshold value,
and responsive to determining that the angular displacement
experienced of the user during the period of time is greater
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than the second threshold value and determining that at least
one of the one or more rotational axes of the rotation by the
user during the time period is greater than the third threshold
value, determining that the user has tumbled.

[0033] In some implementations, generating the notifica-
tion can include presenting an indication that the user has
tumbled on at least one of a display device or an audio
device of the mobile device.

[0034] In some implementations, generating the notifica-
tion can include transmitting data to a communications
device remote from the mobile device, the data comprising
an indication that the user has tumbled.

[0035] In some implementations, the method can be per-
formed by a co-processor of the mobile device. The co-
processor can be configured to receive motion data obtained
from one or more sensors, process the motion data, and
provide the processed motion data to one or more processors
of the mobile device.

[0036] In another aspect, a method includes obtaining, by
a mobile device, motion data indicating a motion measured
by one or more motion sensors over a first time period. The
one or more motion sensors are worn by a user. The method
also includes determining, by the mobile device, that the
user has fallen based on the motion data, and responsive to
determining that the user has fallen, generating, by the
mobile device, one or more notifications indicating that the
user has fallen.

[0037] Implementations of this aspect can include one or
more of the following features.

[0038] In some implementations, generating the one or
more notifications can include presenting a first notification
to the user indicating that the user has fallen.

[0039] In some implementations, the first notification can
include at least one of a visual message, an audio message,
or a haptic message.

[0040] In some implementations, generating the one or
more notifications can include receiving, by the mobile
device, an input from the user in response to the first
notification. The input can indicate a request for assistance
by the user. Further, generating the one or more notifications
can include, responsive to receiving the input, transmitting
a second notification indicating the request for assistance to
a communications device remote from the mobile device.
[0041] In some implementations, the communications
device can be an emergency response system.

[0042] In some implementations, the second notification
can indicate a location of the mobile device.

[0043] In some implementations, generating the one or
more notifications can include determining, by the mobile
device, an absence of movement by the user during a second
time period after the user has fallen, and responsive to
determining the absence of movement by the user during the
second time period, transmitting a second notification indi-
cating a request for assistance to a communications device
remote from the mobile device.

[0044] In some implementations, generating the one or
more notifications can include determining, by the mobile
device, that the user has moved during a second time period
after the user has fallen, and responsive to determining that
the user has moved during the second time period, refraining
from transmitting a second notification indicating a request
for assistance to a communications device remote from the
mobile device.
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[0045] In some implementations, the one or more notifi-
cations can be generated according to a state machine.
[0046] In some implementations, the one or more motion
sensors can include at least one of an accelerometer or a
gyroscope.

[0047] Insome implementations, the mobile device can be
a wearable mobile device.

[0048] Insome implementations, determining that the user
has fallen can include determining that the user experienced
an impact based on the motion data.

[0049] Insome implementations, determining that the user
has fallen can include determining a behavior of the user
during the first time period.

[0050] In another aspect, a method includes obtaining, by
a mobile device, sample data generated by a plurality of
sensors over a time period. The plurality of sensors is worn
by a user. The sample data includes motion data indicating
a motion of the user obtained from one or more motion
sensors of the plurality of sensors, and at least one of
location data indicating a location of the mobile device
obtained from one or more location sensors of the plurality
of sensors, altitude data indicating an altitude of the mobile
device obtained from one or more altitude sensors of the
plurality of sensors, or heart rate data indicating a heart rate
of the user obtained from one or more heart rate sensor of the
plurality of sensors. The method also includes determining,
by the mobile device, that the user has fallen based on the
sample data, and responsive to determining that the user has
fallen, generating, by the mobile device, one or more noti-
fications indicating that the user has fallen.

[0051] Implementations of this aspect can include one or
more of the following features.

[0052] In some implementations, the one or more motion
sensors can include at least one of an accelerometer or a
gyroscope.

[0053] In some implementations, obtaining the motion
data can include obtaining acceleration data using the accel-
erometer during a first time interval during the period of
time. The gyroscope can be disabled during the first time
interval. Obtaining the motion data can further include
determining, based on the accelerometer data obtained dur-
ing the first time interval, that a movement of a user
exceeded a threshold level during the first time interval, and
responsive to determining that the movement of the user
exceeded the threshold level during the first time interval,
obtaining acceleration data using the accelerometer and
gyroscope data using the gyroscope during a second time
interval after the first time interval.

[0054] In some implementations, the one or more altitude
sensors can include at least one of an altimeter or a barom-
eter.

[0055] In some implementations, the one or more location
sensors can include at least one of a wireless transceiver or
a global Navigation Satellite System receiver.

[0056] Insome implementations, determining that the user
has fallen can include determining, based on the motion
data, a change in orientation of the mobile device during the
period of time, and determining that the user has fallen based
on the change in orientation.

[0057] Insome implementations, determining that the user
has fallen can include determining, based on the motion
data, an impact experienced by the user during the period of
time, and determining that the user has fallen based on the
impact.
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[0058] Insome implementations, determining that the user
has fallen can include determining, based on the altitude
data, a change in altitude of the mobile device during the
period of time, and determining that the user has fallen based
on the change in altitude.

[0059] Insome implementations, determining that the user
has fallen can include determining, based on the heart rate
data, a change in heart rate of the user during the period of
time, and determining that the user has fallen based on the
change in heart rate.

[0060] In some implementations, determining the change
in heart rate of the user during the period of time can include
determining a rate of decay of the heart rate of the user
during the period of time.

[0061] Insomeimplementations, determining that the user
has fallen can include determining, based on the location
data, an environmental condition at the location of the
mobile device, and determining that the user has fallen based
on the environment conditional.

[0062] In some implementations, the environmental con-
dition can be weather.

[0063] In some implementations, the mobile device can
determine that the user has fallen based on the motion data,
the location data, the altitude data, and the heart rate data.

[0064] Insome implementations, the mobile device can be
a wearable mobile device.

[0065] In some implementations, generating the one or
more notifications can include transmitting a notification to
a communications device remote from the mobile device.

[0066] In some implementations, the communications
device can be an emergency response system.

[0067] Particular implementations provide at least the
following advantages. In some cases, the implementations
described herein can be used to determine whether a user has
fallen, and in response, automatically take an appropriate
action. As an example, a mobile device can monitor the
movement of a user as he goes about his daily life (e.g,,
walking, running, sitting, laying down, participating in a
sport or athletic activity, and so forth). Based on the user’s
movements, the mobile device can determine whether a user
has fallen, and if so, whether the user may be in need of
assistance (e.g., physical assistance in standing and/or
recovering from the fall, medical attention to treat injuries
sustained in the fall, and so forth). In response, the mobile
device can automatically notify others (e.g., a caretaker, a
physician, medical responder, or a bystander) of the situa-
tion, such that they can provide assistance to the user. Thus,
assistance can be rendered to the user more quickly and
effectively.

[0068] Further, the implementations described herein can
be used to determine whether a user has fallen and/or
whether the user may be in need of assistance more accu-
rately. Thus, resources can be more effectively used. For
instance, the mobile device can determine whether the user
has fallen and/or whether the user may be in need of
assistance with fewer false positives. Thus, the mobile
device is less likely to consume computational and/or net-
work resources to generate and transmit notifications to
others when the user does not need assistance. Further,
medical and logistical resources can be deployed to assist a
user with a greater degree of confidence that they are
needed, thereby reducing the likelihood of waste. Accord-
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ingly, resources can be consumed more efficiently, and in a
manner that increases the effective response capacity of a
system.

[0069] Other implementations are directed to systems,
devices and non-transitory, computer-readable mediums.
[0070] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features and advantages will be apparent from
the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0071] FIG. 1 is a diagram of an example system for
determining whether a user has fallen and/or may be in need
of assistance.

[0072] FIG.2Ais a diagram showing an example position
of a mobile device on a user’s body.

[0073] FIG. 2B is a diagram showing example directional
axes with respect a mobile device.

[0074] FIG. 3 is a diagram showing an example accelera-
tion signal obtained by a mobile device.

[0075] FIG. 4 is a diagram of an example heat map of
motion data collected from a sample population of users that
did not fall while performing physical activities, and data
points indicating motion data collected from a sample popu-
lation of users that fell.

[0076] FIG. 5 is a diagram of another example heat map
of motion data collected from a sample population of users
that did not fall while performing physical activities, and
data points indicating motion data collected from a sample
population of users that fell.

[0077] FIG. 6 is a diagram of another example heat map
of motion data collected from a sample population of users
that did not fall while performing physical activities, and
data points indicating motion data collected from a sample
population of users that fell.

[0078] FIG. 7 is a diagram of an example technique for
determining a duration of time during which the magnitude
of an acceleration vector was below a threshold value.
[0079] FIG. 8 is a diagram of an example decision tree for
determining whether a user is exhibiting signs of trauma
and/or impairment in motion.

[0080] FIG.9is a diagram of an example decision tree for
determining that either a user has fallen and may be in need
of assistance, or a user has either not fallen or has fallen but
is not in need of assistance.

[0081] FIG. 10 is a diagram of an example scatter plot of
pose angle data collected from a sample population of users
that had fallen.

[0082] FIG. 11A shows a plot of example acceleration
signals obtained by a mobile device over a sliding sample
window.

[0083] FIG. 11B shows a plot of example rate of rotation
signals with respect to the inertia frame obtained by a mobile
device over a sliding sample window.

[0084] FIG. 11C shows an axis of rotation signal indicat-
ing the instantaneous axis of rotation of a mobile device over
the sliding sample window.

[0085] FIG. 11D shows a total angular displacement signal
corresponding to the total angular displacement of a mobile
device over a sliding sample window.

[0086] FIG. 12 is a diagram of an example state machine
for determining whether to transmit a distress call using a
mobile device.
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[0087] FIG. 13 is a schematic representation of a fall
detection technique based on user-specific sensitivity.
[0088] FIG. 14 is a diagram of an example state machine
for selectively enabling and disabling a gyroscope.

[0089] FIG. 15 is a schematic representation of a fall
detection technique based on multiple types of sensor mea-
surements.

[0090] FIG. 16 is a schematic representation of an
example usage of an accelerometer and gyroscope in con-
junction to determine information regarding the motion of a
user

[0091] FIG. 17 is a schematic representation of an
example fall classifier.

[0092] FIG. 18 is a schematic representation of an
example fall sensor fusion module.

[0093] FIG. 19 is a schematic representation of an
example distress call module.

[0094] FIG. 20 is a schematic representation of an
example fall state machine.

[0095] FIG. 21 is a flow chart diagram of an example
process for determining whether a user has fallen and/or
may be in need of assistance.

[0096] FIG. 22 is a flow chart diagram of an example
process for determining whether a user has tumbled and/or
may be in need of assistance.

[0097] FIG. 23 is a flow chart diagram of an example
process for determining whether a user has fallen and/or
may be in need of assistance.

[0098] FIG. 24 is a flow chart diagram of an example
process for determining whether a user has fallen and/or
may be in need of assistance.

[0099] FIG. 25 is a block diagram of an example archi-
tecture for implementing the features and processes
described in reference to FIGS. 1-24.

DETAILED DESCRIPTION

Overview

[0100] FIG. 1 shows an example system 100 for deter-
mining whether a user has fallen and/or may be in need of
assistance. The system 100 includes a mobile device 102, a
server computer system 104, communications devices 106,
and a network 108.

[0101] In an example usage of the system 100, a user 110
positions the mobile device 102 on his body, and goes about
his daily life. This can include, for example, walking,
running, sitting, laying down, participating in a sport or
athletic activity, or any other physical activity. During this
time, the mobile device 102 collects sensor data regarding
movement of the mobile device 102, an orientation of the
mobile device 102, and/or other dynamic properties. Based
on this information, the system 100 determines whether the
user has fallen, and if so, whether the user may be in need
of assistance.

[0102] As an example, the user 110 may stumble while
walking and fall to the ground. Further, after falling, the user
110 may be unable to stand again on his own and/or have
suffered from an injury as a result of the fall. Thus, he may
be in need of assistance, such as physical assistance in
standing and/or recovering from the fall, medical attention
to treat injuries sustained in the fall, or other help. In
response, the system 100 can automatically notify others of
the situation. For example, the mobile device 102 can
generate and transmit a notification to one or more of the
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communications devices 106 to notify one or more users 112
(e.g., caretakers, physicians, medical responders, emergency
contact persons, etc.) of the situation, such that they can take
action. As another example, the mobile device 102 can
generate and transmit a notification to one or more bystand-
ers in proximity to the user (e.g., by broadcasting a visual
and/or auditory alert), such they can take action. As another
example, the mobile device 102 can generate and transmit a
notification to the server computer system 104 (e.g., to relay
the notification to others and/or to store the information for
future analysis). Thus, assistance can be rendered to the user
110 more quickly and effectively.

[0103] In some cases, the system 100 can determine that
the user 110 has experienced an external force, but has not
fallen and is not in need of assistance. As an example, the
user 110 may have been contacted during an athletic activity
(e.g., bumped by another while playing basketball), but has
not fallen due to the contact and is able to recover without
assistance from others. Accordingly, the system 100 can
refrain from generating and transmitting a notification to
others.

[0104] In some cases, the system 100 can determine that
the user 110 has fallen, but that the user is not in need of
assistance. As an example, the user 110 may have fallen as
a part of an athletic activity (e.g., slipped while skiing), but
is able to recover without assistance from others. Accord-
ingly, the system 100 can refrain from generating and
transmitting a notification to others.

[0105] In some cases, the system 100 can make these
determinations based on motion data obtained before, dur-
ing, and/or after an impact experienced by the user 110. For
example, the mobile device 102 can collect motion data
(e.g., an acceleration signal obtained by a motion sensor of
the mobile device 102), and the system 100 can use the
motion data to identify a point in time at which the user
experienced an impact. Upon identifying the impact time,
the system 100 can analyze the motion data obtained during
the impact, prior to the impact, and/or after the impact to
determine whether the user has fallen, and if so, whether the
user may be in need of assistance.

[0106] The implementations described herein enable the
system 100 to determine whether a user has fallen and/or
whether the user may be in need of assistance more accu-
rately, such that resources can be more effectively used. For
instance, the system 100 can determine whether the user has
fallen and/or whether the user may be in need of assistance
with fewer false positives. Thus, the system 100 is less likely
to consume computational and/or network resources to
generate and transmit notifications to others when the user
does not need assistance. Further, medical and logistical
resources can be deployed to assist a user with a greater
degree of confidence that they are needed, thereby reducing
the likelihood of waste. Accordingly, resources can be
consumed more efficiently, and in a manner that increases
the effective response capacity of one or more systems (e.g.,
a computer system, a communications system, and/or an
emergency response system).

[0107] The mobile device 102 can be any portable elec-
tronic device for receiving, processing, and/or transmitting
data, including but not limited to cellular phones, smart
phones, tablet computers, wearable computers (e.g., smart
watches), and the like. The mobile device 102 is commu-
nicatively connected to server computer system 104 and/or
the communications devices 106 using the network 108.
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[0108] The server computer system 104 is communica-
tively connected to mobile device 102 and/or the commu-
nications devices 106 using the network 108. The server
computer system 104 is illustrated as a respective single
component. However, in practice, it can be implemented on
one or more computing devices (e.g., each computing device
including at least one processor such as a microprocessor or
microcontroller). A server computer system 104 can be, for
instance, a single computing device that is connected to the
network 108. In some implementations, the server computer
system 104 can include multiple computing devices that are
connected to the network 108. In some implementations, the
server computer system 104 need not be located locally to
the rest of the system 100, and portions of a server computer
system 104 can be located in one or more remote physical
locations.

[0109] A communications device 106 can be any device
that is used to transmit and/or receive information transmit-
ted across the network 108. Examples of the communica-
tions devices 106 include computers (such as desktop com-
puters, notebook computers, server systems, etc.), mobile
devices (such as cellular phones, smartphones, tablets, pet-
sonal data assistants, notebook computers with networking
capability), telephones, faxes, and other devices capable of
transmitting and receiving data from the network 108. The
communications devices 106 can include devices that oper-
ate using one or more operating system (e.g., Microsoft
Windows, Apple OS X, Linux, Unix, Android, Apple 10S,
etc.) and/or architectures (e.g., x86, PowerPC, ARM, etc.) In
some implementations, one or more of the communications
devices 106 need not be located locally with respect to the
rest of the system 100, and one or more of the communi-
cations devices 106 can be located in one or more remote
physical locations.

[0110] The network 108 can be any communications net-
work through which data can be transferred and shared. For
example, the network 108 can be a local area network
(LAN) or a wide-area network (WAN), such as the Internet.
As another example, the network 108 can be a telephone or
cellular communications network. The network 108 can be
implemented using various networking interfaces, for
instance wireless networking interfaces (such as Wi-Fi,
Bluetooth, or infrared) or wired networking interfaces (such
as Bthernet or serial connection). The network 108 also can
include combinations of more than one network, and can be
implemented using one or more networking interfaces.
[0111] As described above, a user 110 can position the
mobile device 102 on his body, and go about his daily life.
As an example, as shown in FIG. 2A, the mobile device 102
can be a wearable electronic device or wearable computer
(e.g., a smart watch), that is secured to a wrist 202 of the user
110. The mobile device 102 can be secured to the user 110,
for example, through a band or strap 204 that encircles the
wrist 202. Further, the orientation of the mobile device 102
can differ, depend on the location at which is it placed on the
user’s body and the user’s positioning of his body. As an
example, the orientation 206 of the mobile device 102 is
shown in FIG. 2A. The orientation 206 can refer, for
example, to a vector projecting from a front edge of the
mobile device 102 (e.g., the y-axis shown in FIG. 2B).
[0112] Although an example mobile device 102 and an
example position of the mobile device 102 is shown, it is
understood that these are merely illustrative examples. In
practice, the mobile device 102 can be any portable elec-
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tronic device for receiving, processing, and/or transmitting
data, including but not limited to cellular phones, smart
phones, tablet computers, wearable computers (e.g., smart
watches), and the like. As an example, the mobile device 102
can be implemented according to the architecture 2500
shown and described with respect to FIG. 25. Further, in
practice, the mobile device 102 can be positioned on other
locations of a user’s body (e.g., arm, shoulder, leg, hip, head,
abdomen, hand, foot, or any other location).

[0113] As the user 110 goes about his daily life with the
mobile device 102 on his body (e.g., walks, runs, sits, lays
down, participates in a sport or athletic activity, or any other
physical activity), the mobile device 102 collects sensor data
regarding the motion of the user 110. For instance, using the
motion sensors 2510 shown in FIG. 25 (e.g., one or more
accelerometers), the mobile device 102 can measure an
acceleration experienced by the motion sensors 2510, and
correspondingly, the acceleration experienced by the mobile
device 102. Further, using the motion sensors 2510 (e.g., one
or more compasses or gyroscopes), the mobile device 102
can measure an orientation of the motion sensors 2510, and
correspondingly, an orientation of the mobile device 102. In
some cases, the motion sensors 2510 can collect data con-
tinuously or periodically over a period of time or in response
to a trigger event. In some cases, the motion sensors 2510
can collect motion data with respect to one or more specific
directions relative to the orientation of the mobile device
102. For example, the motion sensors 2510 can collect
sensor data regarding an acceleration of the mobile device
102 with respect to the x-axis (e.g., a vector projecting from
a side edge of the mobile device 102, as shown in FIG. 2B),
the y-axis (e.g., a vector projecting from a front edge of the
mobile device 102, as shown in FIG. 2B) and/or the z-axis
(e.g., a vector projecting from a top surface or screen of the
mobile device 102, as shown in FIG. 2B), where the x-axis,
y-axis, and z-axis refer to a Cartesian coordinate system in
a frame of reference fixed to the mobile device 102 (e.g., a
“body” frame).

[0114] As an example, as shown in FIG. 3, as the user 110
moves, the mobile device 102 can use the motion sensors
2510 to continuously or periodically collect sensor data
regarding an acceleration experienced by the motion sensors
2510 with respect to y-axis over a period of time. The
resulting sensor data can be presented in the form of a
time-varying acceleration signal 300. In some cases, the
acceleration system 300 can obtain acceleration samples at
a sample frequency of 800 Hz using the motion sensors
2510, with a sampling bandwidth of 200 Hz. In practice,
other sampling frequencies and/or sampling bandwidths are
also possible.

[0115] In the example above, the acceleration signal 300
indicates the acceleration experienced by the mobile device
102 with respect to the y-axis of the mobile device. In some
cases, the acceleration signal 300 can also indicate the
acceleration experienced by the mobile device 102 with
respect to multiple different directions. For example, the
acceleration signal 300 can include an x-component, a
y-component, and a z-component, referring to the accelera-
tion experienced by the mobile device 102 with respect to
the x-axis, the y-axis, and the z-axis of the mobile device
102, respectively. Each component also can be referred as a
channel of the acceleration signal (e.g., “x-channel,” the
“y-channel,” and the “z-channel”).
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[0116] The mobile device 102 can analyze the acceleration
signal 300 to determine whether the user has fallen. For
instance, if the user has fallen, the mobile device 102 may
experience a relatively strong impact (e.g., when the user’s
body strikes the ground). Such an impact can be identified
based on a magnitude of the acceleration experienced by the
mobile device 102 (e.g., the rate of change in the velocity of
the mobile device), a magnitude of the jerk experienced by
the mobile device (e.g., the rate of change in the acceleration
of the mobile device), and an oscillatory behavior of the
acceleration experienced by the mobile device 102. Each of
these parameters can be determined using the acceleration
signal 300.

[0117] As an example, the magnitude of the acceleration
experienced by the mobile device 102 can be determined, for
each channel of the acceleration signal, using the relation-
ship:

mag=max(abs(a(n))),

where mag is the magnitude of acceleration for that channel,
a(n) is the nth sample of the acceleration signal 300 for that
channel, and max is the maximum calculated over a sliding
window of samples of the acceleration signal 300, 1n,,,,,...-
In some cases, n,,,,4, can correspond to the number of
samples spanning an interval of time of 0.2 seconds or
approximately 0.2 second. For example, if the sampling
frequency for the acceleration signal 300 is 800 Hz, n . ;...
can be 160. In practice, other values for n,,,, ., are also
possible.

[0118] Alternatively, the magnitude of the acceleration
experienced by the mobile device 102 can be determined, for
each channel of the acceleration signal, using the relation-
ship:

mag=max(a(r))-min(a(n)),

where mag is the magnitude of acceleration for that channel,
a(n) is the nth sample of the acceleration signal 300 for that
channel, max is the maximum calculated over a sliding
window of samples n,,,,. and min is the minimum
calculated over the window of samples the acceleration
signal 300, n,,,,,...- As above, in some cases, 0., cai
correspond to the number of samples spanning an interval of
time of 0.2 seconds or approximately 0.2 second, though in
practice, other values for n are also possible.

[0119] If the acceleration signal 300 includes acceleration
measurements with respect to a single direction (e.g., having
a single channel, such as a y-channel), the magnitude of the
acceleration with respect to that direction can be determined
using the relationship above. The resulting value is repre-
sentative of the magnitude of the acceleration for the accel-
eration signal 300. Altematively, the total energy from all
three channels over the window of interest (e.g. 1,,;,40..)
may be used as the total magnitude of acceleration. For
example, one notion of total energy could be computed as:

window

mag=sqrt(max(lx|)>+max(|yl)>+max(Iz|)?).

[0120] If the acceleration signal 300 includes acceleration
measurements with respect to multiple directions (e.g., hav-
ing multiple channels, such as a x-channel, a y-channel, and
a z-channel), the magnitude of the acceleration with respect
to each direction can be individually determined using the
relationship above, resulting in three individual magnitude
values (corresponding to the three channels, respectively).
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The greatest magnitude value can be selected as represen-
tative of the magnitude of the acceleration for the accelera-
tion signal 300.

[0121] As another example, the magnitude of the jerk
experienced by the mobile device 102 can be determined, for
each channel of the acceleration, using the relationship:

abs(a(n) —aln— 1))

erk =
Jer AT

where jerk is the magnitude of the jerk for that channel, a(n)
is the nth sample of the acceleration signal 300 for that
channel, and AT is sampling interval of the acceleration
single 300 (e.g., the inverse of the sampling frequency).
[0122] If the acceleration signal 300 includes acceleration
measurements with respect to a single direction (e.g., having
a single channel, such as a y-channel), the magnitude of the
jerk with respect to that direction can be determined using
the relationship above. The resulting value is representative
of the magnitude of the jerk for the acceleration signal 300.
[0123] If the acceleration signal 300 includes acceleration
measurements with respect to multiple directions (e.g., hav-
ing multiple channels, such as a x-channel, a y-channel, and
a z-channel), the magnitude of the jerk with respect to each
direction can be individually determined using the relation-
ship above, resulting in three individual magnitude values
(corresponding to the three channels, respectively). The
greatest magnitude value can be selected as representative of
the magnitude of the jerk for the acceleration signal 300.
[0124] As another example, the oscillatory behavior of the
acceleration experienced by the mobile device 102 can be
determined by identifying a “third-zero crossing” of the
acceleration signal 300. The third-zero crossing refers to the
point in time at which the acceleration signal 300 changes
from a negative value to a positive value, or vice versa, for
the third time for a particular period of oscillation (e.g.,
“crosses” zero for the third time). As an example, within the
window shown in FIG. 3, the third-zero crossing of the
acceleration signal 300 occurs at point 302. The time
between the maximum value of the acceleration signal 300
(e.g., point 304) and the third-zero crossing point 302 after
that maximum value is referred to as the time to the
third-zero crossing 306. This value can be used as an
estimate for the period of oscillation of the acceleration
signal 300, and can be used to estimate the frequency of
oscillation of the acceleration signal 300. This can be useful,
for example, as the impact response of the components of
the motion sensor (e.g., microelectromechanical systems
[MEMS] components) can be similar to that of a second-
order underdamped system. Thus, the period or frequency of
oscillation can be used as an approximation of the response.
[0125] The magnitude of the acceleration experienced by
the mobile device 102, the magnitude of the jerk experi-
enced by the mobile device 102, and the oscillatory behavior
of the acceleration experienced by the mobile device 102
(e.g., the third-zero crossing of the acceleration signal 300)
can be used in conjunction to identify impacts that may be
indicative of a user falling. In some cases, this determination
can be made using a statistical or probabilistic model (e.g.,
a Bayesian model).

[0126] For example, FIG. 4 shows a heat map 400 of
motion data collected from a sample population of users as
they performed daily activities (e.g., “active daily life”).
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This motion data does not include any motion data resulting
from a user falling. The heat map 400 compares (i) the
magnitude of the acceleration experienced by a mobile
device (x-axis), and (ii) the magnitude of jerk experienced
by a mobile device (y-axis) for the sample population.
Further, the distribution of motion data in the heat map 400
with respect to each axis is shown by a respective cumula-
tive data function 402a or 40254. As shown in FIG. 4, the
motion data is primarily concentrated in a region corre-
sponding to a relatively low magnitude of acceleration,
combined with a relatively low magnitude of jerk.

[0127] FIG. 4 also shows several points 40da and 4045
representing motion data collected from a sample population
of users that fell. Circular points 404a indicate “radial
dominant falls,” and square points 4045 indicate “tangential
dominant falls.” These terms refer to the primary movement
direction of the mobile device 102 as the user fell (e.g., the
motion of a user’s arm and wrist as he falls) with respect to
the oscillatory movement of the mobile device 102 as a user
walks (e.g., the swinging motion of the user’s arm and wrist
as he walks). As shown in FIG. 4, each of these points 404a
and 4044 are situated in a region corresponding to a rela-
tively higher magnitude of acceleration, combined with a
relatively higher magnitude of jerk. Accordingly, impacts
that may be indicative of a user falling can be identified, at
least in part, by identifying motion data having a sufficiently
high magnitude of acceleration (e.g., greater than a particu-
lar threshold acceleration value), combined with a suffi-
ciently high magnitude of jerk (e.g., greater than a particular
threshold jerk value). In practice, the threshold acceleration
value and/or the threshold jerk value can vary (e.g., based on
empirically collected sample data).

[0128] As another example, FIG. 5 shows a heat map 500
of motion data collected from a sample population of users
as they performed daily activities (e.g., “active daily life”).
As with the heat map 400 of FIG. 4, this motion data also
does not include any motion data resulting from a user
falling. The heat map 500 compares (i) the magnitude of the
acceleration experienced by a mobile device (x-axis), and
(ii) the time to the third-zero crossing of an acceleration
signal obtained by a mobile device (y-axis) for the sample
population. Further, the distribution of motion data in the
heat map 500 with respect to each axis is shown by a
respective cumulative data function 502a or 5025. As shown
in FIG. 5, the motion data is primarily concentrated in a
region corresponding to a relatively low magnitude of
acceleration, combined with a relatively high time to the
third-zero crossing of an acceleration signal.

[0129] FIG. 5 also shows several points 504a and 5045
representing motion data collected from a sample population
of users that fell. In a similar manner as with FIG. 4, circular
points 504¢ indicate “radial dominant falls,” and square
points 5045 indicate “tangential dominant falls.” As shown
in FIG. 5, each of these points 5044 and 5045 are situated in
a region corresponding to a relatively higher magnitude of
acceleration, combined with a relatively lower time to the
third-zero crossing of an acceleration signal. Accordingly,
impacts that may be indicative of a user falling can be
identified, at least in part, by identifying motion data having
a sufficiently high magnitude of acceleration (e.g., greater
than a particular threshold acceleration value), combined
with a sufficiently low time to the third-zero crossing of an
acceleration signal (e.g., less than a particular threshold time
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value). In practice, the threshold acceleration value and/or
the threshold time value can vary (e.g., based on empirically
collected sample data).

[0130] As described herein, the mobile device 102 can
collect motion data, and use the motion data to identify a
point in time at which the user experienced an impact. Upon
identifying the impact time, the mobile device 102 can
analyze motion data obtained during the impact, prior to the
impact, and/or after the impact to determine whether the user
has fallen, and if so, whether the user may be in need of
assistance. In some cases, the mobile device 102 can facili-
tate this analysis by continuously collecting and buffering
motion data. Motion data can include an acceleration signal
describing an acceleration experienced by the mobile device
102 (e.g., an acceleration signal 300) and/or an orientation
signal describing an orientation of the mobile device 102
(e.g., a signal representing orientation measurements
obtained using the motion sensors 2510, such as using a
gyroscope or a compass). As an example, the mobile device
102 can retain, on a running basis, portions of an accelera-
tion signal and portions of an orientation signal, each
corresponding to a sliding window of time t. Upon identi-
fying an impact (e.g., using the acceleration signal, as
described above), the mobile device 102 can retrieve por-
tions of the buffered motion data corresponding to measure-
ments obtained during the impact, prior to the impact, and/or
after the impact, and analyze those portions to make a
determination regarding the user’s condition.

[0131] For instance, the mobile device 102 can analyze
portions of an acceleration signal and portions of an orien-
tation signal corresponding to measurements obtained prior
to an identified impact (“pre-impact” information). Based on
the analysis, the mobile device 102 can determine whether
the impact likely corresponds to the user falling. In some
cases, this determination can be made using a statistical or
probabilistic model.

[0132] As an example, certain types of activities by a user
may be more likely to trigger a fall (e.g., walking, running,
navigating stairs, or other such activities). Accordingly, an
activity classifier can be used to identify whether a user was
performing one of these types of activities prior to the
impact. If so, the likelihood that the user has fallen can be
higher. Otherwise, the likelihood that the user has fallen can
be lower.

[0133] An activity classifier can be implemented, for
example, by collecting motion data from a sample popula-
tion (e.g., acceleration signals and/or orientation signals
describing motion by each individual of the sample popu-
lation). Further, information can be collected regarding the
physical activities being performed by the sample popula-
tion (e.g., an indication of the physical activity being per-
formed by each individual at the time that the motion data
was measured, such as walking, running, biking, golfing,
boxing, skiing, playing basketball, or any other activity).
This information can be obtained, for example, from the
server computer system 104 (e.g., a server computer system
to collect and aggregate data from multiple different mobile
devices). Based on this information, particular traits or
patterns can be determined for each different type of physi-
cal activity. Accordingly, when motion data is collected from
an additional user, the motion data can be compared against
the previously collected motion data to classify that user’s
activity.
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[0134] Further, an activity classifier can be implemented
using various techniques. For example, in some cases, an
activity classifier can be implemented through the use of
“machine learning” techniques such as decision tree learn-
ing, association rule learning, artificial neural networks,
deep learning, inductive logic programming, support vector
machines clustering, Bayesian networks, reinforcement
learning, representation learning, similarity and metric
learning, sparse dictionary learning, genetic algorithms,
rule-based machine learning, learning classifier systems,
among others.

[0135] As another example, the activity level of a user can
indicate whether a user is more likely to have fallen and is
in need of assistance. For instance, an athletic user who is
highly active (e.g., historically exhibits frequent and intense
movements) may be at a lower risk of falling in a manner
that requires assistance. However, a frail user who is not
active (e.g., historically exhibits infrequent and slight move-
ments) may be at a higher risk of falling in a manner that
requires assistance. Accordingly, an activity level classifier
can be used to identify the activity level of a user, and the
likelihood that the user has fallen and is in need of assistance
can be adjusted based on the classification.

[0136] An activity level classifier can also be imple-
mented, for example, by collecting motion data from a
sample population (e.g., acceleration signals and/or orien-
tation signals describing motion by each individual of the
sample population). Further, information can be collected
regarding the activity levels of the sample population (e.g.,
an indication of how athletic, physically healthy, and/or
ambulatory each individual was at the time that the motion
data was measured). This information can be obtained, for
example, from the server computer system 104 (e.g, a
server computer system to collect and aggregate data from
multiple different mobile devices). Based on this informa-
tion, particular traits or patterns can be determined for each
different type of activity level. Accordingly, when motion
data is collected from an additional user, the motion data can
be compared against the previously collected motion data to
classify that user’s activity level.

[0137] Further, an activity level classifier also can be
implemented using various techniques. For example, in
some cases, an activity level classifier can be implemented
through the use of “machine learning” techniques such as
decision tree learning, association rule learning, artificial
neural networks, deep learning, inductive logic program-
ming, support vector machines clustering, Bayesian net-
works, reinforcement learning, representation learning,
similarity and metric learning, sparse dictionary learning,
genetic algorithms, rule-based machine learning, learning
classifier systems, among others.

[0138] Insome cases, the statistical or probabilistic model
can consider additional information regarding the user, such
as the user’s age, the walking speed of the user, the number
of steps that a user takes per day, the number of calories
expended by the user per day, a maximum exertion of the
user during a day, or other characteristics of the user. The
likelihood that a user has fallen can be increased or
decreased based on each of these characteristics. For
instance, a user who is older may be at a higher risk of falling
in a manner that requires assistance, while a user who is
younger may be at a lower risk of falling in a manner that
requires assistance. Further, a user who has a lower maxi-
mum walking speed may be at a higher risk of falling in a
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manner that requires assistance, while a user who has a
higher maximum walking speed may be at a lower risk of
falling in a manner that requires assistance. Further, multiple
different characteristics can be used in conjunction to detet-
mine the falling risk of a user. As an example, the statistical
or probabilistic model can include a multi-dimensional risk
assessment model (e.g., a multi-dimensional risk matrix),
with each dimension corresponding to a different character-
istic of the user and its contribution to the overall risk of the
user. Information regarding each user can be collected, from
the server computer system 104 (e.g.. a server computer
system to collect and aggregate data from multiple different
mobile devices) and/or user inputs.

[0139] In some cases, the mobile device 102 can consider
other types of movement made by the user prior to an
identified impact. As another example, when a user is
falling, a user will often attempt to brace himself from the
ground. Accordingly, a mobile device 102 can determine
whether a user was performing a bracing motion with his
arms prior to an identified impact. If so, the likelihood that
the user has fallen can be higher. Otherwise, the likelihood
that the user has fallen can be lower.

[0140] When performing a bracing motion, a user’s hand,
and correspondingly the mobile device 102, may accelerate
towards the ground for a period of time. Thus, the mobile
device 102 may observe a positive acceleration in the
inertial z-direction (e.g., the direction perpendicular to
ground, or the direction of gravity). By measuring the
acceleration in the internal z-direction, the mobile device
102 can determine a duration of the fall. For example, the
duration of the fall can be estimated as the period of time in
which the acceleration signal along the inertial z-direction is
above a particular threshold value.

[0141] As another example when the user is falling, he
may often flail his arms. For instance, if a user slips, trips,
or tumbles while walking, the user may move his arms
erratically or chaotically prior to impacting the ground in an
attempt to balance himself. Thus, a mobile device 102 can
determine whether a user was flailing his arms prior to an
identified impact. If so, the likelihood that the user has fallen
can be higher. Otherwise, the likelihood that the user has
fallen can be lower.

[0142] A flailing motion can be detected, in part, by
estimating the mobile device’s “pose angle,” or orientation
with respect to the inertial frame (e.g., the earth frame). This
can be determined, for example, using both the acceleration
signal (e.g., to identify the direction of gravity, or the inertial
z-direction) and the orientation signal (e.g., to determine the
orientation of the device with respect to the direction of
gravity). Using this information, a change in the pose angle
of the mobile device 102 over time also can be determined
(e.g., the maximum difference in pose angle over a sample
window, suchas n,,_ , ). A relatively larger change in pose
angle over a period of time (e.g., a large change in orien-
tation of the mobile device 102, and correspondingly, the
orientation of the user’s wrist and arm) can indicate that the
user is more likely to be performing a flailing motion.

[0143] In some cases, the amount of “chaos” in a user’s
motions can be determined by obtaining an acceleration
signal corresponding to the motions of a user during a period
of time, and determining the path length of the acceleration
signal. When a user moves erratically (e.g., performs a
flailing motion), the acceleration signal will exhibit a higher
degree of variation during that period of time. Accordingly,
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the path length of the acceleration signal will be longer. In
contrast, when a user moves less erratically, the acceleration
signal will exhibit a lesser degree of variation during that
period of time. Accordingly, the path length of the accel-
eration signal will be shorter.

[0144] In some cases, the path length of the acceleration
signal can be calculated using the equation:

(path length of acceleration signal)=%la,-a,_,!

where a,, is the nth sample in an acceleration signal. The path
length can be determined by performing a summation of
samples obtained over a sliding window (e.g., a 1.4 second
window around a fall or impact). In some cases, chaos can
be determined using other techniques (e.g., by measuring the
entropy of the acceleration signal).

[0145] This “pre-impact” information can be used in con-
junction to determine whether the user is likely to have
fallen. For example, FIG. 6 shows a heat map 600 of motion
data collected from a sample population of users as they
performed daily activities (e.g., “active daily life”). This
motion data does not include any motion data resulting from
a user falling. The heat map 600 compares (i) the change in
pose angle of a mobile device (x-axis), and (i) the fall
duration of the mobile device (y-axis) for the sample popu-
lation. Further, the distribution of motion data in the heat
map 600 with respect to each axis is shown by a respective
cumulative data function 602a or 60256. As shown in FIG. 6,
the motion data is primarily concentrated in a region corre-
sponding to a relatively low change in pose angle, combined
with a relatively low fall duration.

[0146] FIG. 6 also shows several points 604 representing
motion data collected from a sample population of users that
fell, where the motion data was collected immediately prior
to the users falling. As shown in FIG. 6, each of these points
604 are situated in a region corresponding to a relatively
higher change in pose angle, combined with a relatively
higher fall duration. Accordingly, a user falling can be
identified, at least in part, by identifying motion data—
collected immediately prior to an identified impact—having
a sufficiently large change in pose angle (e.g., greater than a
particular threshold angle), combined with a sufficiently
long fall duration (e.g., greater than a particular threshold
amount of time). In practice, the threshold angle and/or the
threshold amount of time can vary (e.g., based on empiri-
cally collected sample data).

[0147] The mobile device 102 can also analyze portions of
an acceleration signal and portions of an orientation signal
corresponding to measurements obtained after an identified
impact (“post-impact” information). Based on the analysis,
the mobile device 102 can determine whether the user may
be in need of assistance. In some cases, this determination
can be made using a statistical or probabilistic model.

[0148] As an example, if a user falls and is injured or in
distress due the fall, the user may exhibit signs of trauma
and/or impairment in motion. Signs of trauma and/or impait-
ment in motion can be identified based on the acceleration
signal and/or the orientation signal. For instance, the mobile
device 102 can analyze portions of an acceleration signal
and portions of an orientation signal corresponding to mea-
surements obtained after an identified impact. Based on the
analysis, the mobile device 102 can determine whether the
impact likely corresponds to signs of trauma and/or impair-
ment in motion.
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[0149] This analysis can be performed, for example, using
an activity classifier. An activity classifier can be imple-
mented, for example, by collecting motion data from a
sample population after they have fallen down (e.g., accel-
eration signals and/or orientation signals describing motion
by each individual of the sample population after they fell).
Further, information can be collected regarding the condi-
tion of each of the individuals after he fell (e.g., an indication
that certain individuals exhibited signs of trauma after the
fall, an indication that certain individuals exhibited impait-
ment in motion after the fall, and so forth). This information
can be obtained, for example, from the server computer
system 104 (e.g., a server computer system to collect and
aggregate data from multiple different mobile devices).
Based on this information, particular traits or patterns can be
determined for each different type of condition (e.g., signs of
trauma, no signs of trauma, impairment in motion, no
impairment in motion, and so forth). Accordingly, when
motion data is collected from an additional user, the motion
data can be compared against the previously collected
motion data to classify that user’s condition after he has
fallen.

[0150] In asimilar manner as described above, an activity
classifier can be implemented using various techniques (e.g.,
decision tree learning, association rule learning, artificial
neural networks, deep learning, inductive logic program-
ming, support vector machines clustering, Bayesian net-
works, reinforcement learning, representation learning,
similarity and metric learning, sparse dictionary learning,
genetic algorithms, rule-based machine learning, learning
classifier systems, among others).

[0151] The mobile device 102 can also determine a user’s
condition after he has fallen by identifying one or more
motion-based metrics. For example, based on the accelera-
tion signal and/or the orientation signal, the mobile device
102 can determine whether the user has taken any steps after
he has fallen (e.g., by identifying trends or patterns in the
signals representative of the user taking a step, and/or using
a sensor such as a pedometer). If so, the likelihood that the
user is in need of assistance is lower. Otherwise, the likeli-
hood that the user is in need of assistance is higher.
[0152] As another example, based on the acceleration
signal and/or the orientation signal, the mobile device 102
can determine whether the user has stood up after he has
fallen (e.g., by identifying trends or patterns in the signals
representative of the user rising from the ground and stand-
ing). If so, the likelihood that the user is in need of assistance
is lower. Otherwise, the likelihood that the user is in need of
assistance is higher.

[0153] As another example, the mobile device 102 can
determine a duration of time during which the standard
deviation and the magnitude of the acceleration vector was
below a threshold value. If the magnitude of the acceleration
vector was below the threshold value for a certain period of
time, this may indicate that the user is stationary (e.g., not
moving his body). Further, if the user is stationary after he
has fallen, this may indicate that the user is dazed or injured.
Accordingly, the likelihood that the user is in need of
assistance is higher. However, if the standard deviation and
the magnitude of the acceleration vector exceeded the
threshold value for that period of time, this may indicate that
the user is moving his body after he has fallen (e.g., the user
is not stationary). Accordingly, the likelihood that the user is
in need of assistance is lower.

Apr. 4,2019

[0154] For instance, as shown in FIG. 7, the mobile device
102 can obtain a “raw” acceleration signal 700 (e.g., in a
similar manner as described above with respect to the
acceleration signal 300). In the example shown in FIG. 7, the
acceleration signal 700 contains three channels, each refer-
ring to measured acceleration according to a different direc-
tion with respect to the mobile device 102 (e.g., an x-chan-
nel, y-channel, and z-channel). Further, the acceleration
signal 700 exhibits a sharp increase 702 indicative of an
impact.

[0155] Further, the mobile device 102 can compute the
vector magnitude (VM) of acceleration signal 700 to obtain
the vector magnitude signal 704. In practice, when the
mobile device 102 is static (e.g., not moving), the vector
magnitude signal 704 will be 1 (or approximately 1). When
the mobile device 102 is moving, the vector magnitude
signal 704 will deviate from 1. Therefore, the relationship
[IVM-1I| can be used as a metric of quiescence. Similarly, the
standard deviation of the acceleration signal can also be used
as a metric of quiescence.

[0156] Further, the mobile device 102 can identify the
periods of time 706 after the impact during which the
magnitude of the normalized acceleration signal 704 is less
than a particular threshold value (indicated by darkened
rectangles). In some cases, the threshold value can be 0.025
g. However, in practice, this threshold value can vary,
depending on the implementation.

[0157] Further, the mobile device 102 can sum each of the
periods of time 706 to determine a cumulative duration of
time 708 during which the magnitude of the normalized
acceleration signal 704 was below a threshold value. If the
cumulative duration of time 708 is relatively larger, the
likelihood that the user is in need of assistance is higher.
However, if the cumulative duration of time 708 is relatively
smaller, the likelihood that the user is in need of assistance
is lower.

[0158] As another example, based on the acceleration
signal and/or the orientation signal, the mobile device 102
can determine the pose angle of the mobile device 102. This
pose angle can be determined, for example, based on the
acceleration signal (e.g., a filtered acceleration signal) and/
or the motion orientation of the mobile device 102 (e.g,,
information derived from a fusion of acceleration data and
gyroscopic data). A filtered acceleration signal can be, for
example, an acceleration signal having one or more channels
(e.g., x-channel, y-channel, and/or z-cannel), with high-
frequency content removed (e.g., greater than a particular
threshold frequency). In some cases, the removed high-
frequency content can correspond to machine-caused
motion (e.g., buses, trains, etc.). Based on these sources of
information, the mobile device 102 can determine which
direction the forearm of the wearer is pointing (e.g., approxi-
mately the pose angle of the mobile device 102 in the
x-direction).

[0159] If the forearm of the wearer is pointing toward the
horizon for a longer period of time (e.g., greater than a
threshold amount of time), with no motions below or above
the horizon, the user may be more likely to be injured. For
example, this may indicate that the user is lying on the floor,
and is not moving their arm up and down. However, if the
user’s forearm is moving above and below the horizon
repeatedly, with relatively large motions, (e.g., 45°), then
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this may indicate that a user is less impaired, particular if a
determination is made that the user had been ascending or
descending stairs.

[0160] As another example, based on the acceleration
signal and/or the orientation signal, the mobile device 102
can determine the number of times that the acceleration
signal (e.g., a filtered acceleration signal) crosses a given
threshold value T. This metric can be referred to as the
number of threshold-crossings. As above, a filtered accel-
eration signal can be, for example, an acceleration signal
having one or more, with high-frequency content removed.
Symmetric crossings require that the acceleration signal
went both above T and below (-T) (or vice-versa), whereas
asymmetric crossings count the number of times the signal
went beyond +T, regardless of whether it then crossed +T.
[0161] These threshold-crossings indicate human move-
ment. For example, a user’s steps will typically generate
symmetric threshold-crossings, while a user reaching for
something or rotating the wrist will typically cause asym-
metric crossings, and so forth. By counting the number of
threshold-crossings, the mobile device 102 can determine
whether an individual is likely to be impaired. For example,
the greater number of threshold-crossings, the less likely
that the user is impaired.

[0162] In some cases, this “post-impact” information can
be used in conjunction to determine whether the user may be
in need of assistance. As an example, the mobile device 102
can make a determination regarding a user’s condition after
he has fallen based on sample data collected from a sample
population. For instance, the mobile device can collect
motion data from a sample population (e.g., acceleration
signals and/or orientation signals). Further, information can
be collected regarding the condition of each of the individu-
als (e.g., an indication that certain individuals exhibited
signs of trauma when the motion data was measured, an
indication that certain individuals exhibited impairment in
motion when the motion data was measured, and so forth).
This information can be obtained, for example, from the
server computer system 104 (e.g., a server computer system
to collect and aggregate data from multiple different mobile
devices).

[0163] Using this information, one or more correlations
can be determined between the characteristics of a user’s
movement and the condition of the user. For example, based
on the sample data collected from the sample population, a
correlation can be determined between one or more particu-
lar characteristics of a user’s movement corresponding to a
user exhibiting signs of trauma. Accordingly, if the mobile
device 102 determines that the user’s motion exhibits similar
characteristics, the mobile device 102 can determine that the
user is likewise exhibiting signs of trauma. As another
example, based on the sample data collected from the
sample population, a correlation can be determined between
one or more particular characteristics of a user’s movement
corresponding to a user exhibiting in impairment in motion.
Accordingly, if the mobile device 102 determines that the
user’s motion exhibits similar characteristics, the mobile
device 102 can determine that the user is likewise exhibiting
an impairment in motion.

[0164] These correlations can be determined using various
techniques. For example, in some cases, these correlations
can be determined through the use of “machine learning”
techniques such as decision tree learning, association rule
learning, artificial neural networks, deep learning, inductive
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logic programming, support vector machines clustering,
Bayesian networks, reinforcement learning, representation
learning, similarity and metric learning, sparse dictionary
learning, genetic algorithms, rule-based machine learning,
learning classifier systems, among others.

[0165] As an example, FIG. 8 shows a decision tree 800
generated using sample data collected from a sample popu-
lation (e.g., “trained” using the sample data). In this
example, the sample data includes “positive control” infor-
mation collected from users who were sleeping (e.g., simu-
lating the behavior of individuals who exhibit signs of
trauma or impairment in motion). The sample data includes
“negative control” information collected from unimpaired
users who were performing day to day physical activities.

[0166] As shown in FIG. 8, certain combinations of char-
acteristics are indicative of a user exhibiting signs of trauma
and/or impairment in motion. For example, if (i) the duration
of time during which the magnitude of an acceleration signal
was low (parameter “duration_low_vm”™) is between 48.1
seconds and 51.2 seconds, and (ii) the user took fewer than
0.5 steps (parameter “steps”), a determination can be made
that the user is exhibiting signs of trauma and/or impairment
in motion.

[0167] As another example, if (i) the duration of time
during which the magnitude of an acceleration signal was
low (parameter “duration_low_vm”) is between 51.2 sec-
onds and 58.9 seconds, (ii) the user took fewer than 0.5 steps
(parameter “steps”), and (iii) the user was standing for less
than 34.7 seconds (parameter “standing”), a determination
can be made that the user is exhibiting signs of trauma
and/or impairment in motion. In the example shown in FIG.
8, the duration that a user was standing during the post-fall
period (parameter “standing”) is indicated by an integer
between 0 and 600, referring to the duration time in tenths
of seconds out of a total sample window of 60 seconds. For
instance, if the “standing” value is 347, this indicates that the
user was standing for 34.7 seconds post-fall out of the
sample window of 60 seconds. In this example, this par-
ticular branch indicates that “sleep” (the positive control)
was likely if the user was standing between 0 and 34.7
seconds (e.g., the user was standing for less than or equal to
approximately half of the post-fall period). In practice, this
reflects the expectation that a user would not be standing
after a fall.

[0168] As another example, if (i) the duration of time
during which the magnitude of an acceleration signal was
low (“duration_low_vm”) is between 51.2 seconds and 58.9
seconds, and (ii) the user took greater than 0.5 steps
(“steps™), a determination can be made that the user is not
exhibiting signs of trauma and/or impairment in motion.
Although example decision branches and parameter values
are shown in FIG. 8, these are merely illustrative examples.
In practice, the decision branches and/or parameter values of
a decision tree can vary, depending on the implementation.

[0169] In the example described above, the mobile device
102 determines whether a user may be in need of assistance
based on the acceleration signal and the orientation signal.
However, the mobile device 102 is not limited to only using
these types of information. For instance, in some cases, the
mobile device 102 can consider additional information, such
as a signal describing a heart rate of the user. As an example,
the heart rate of the user is deviates from a particular range
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(e.g., a “normal” or “healthy” range), the mobile device 102
may determine that the user is more likely to be in need of
assistance.

[0170] In some cases, “pre-impact” information, impact
information, and “post-impact” information can be used in
conjunction to determine whether a user has fallen and may
be in need of assistance. In some cases, this determination
can be made using a decision tree.

[0171] As an example, FIG. 9 shows a decision tree 900
for determining that either (i) a user has fallen and may be
in need of assistance (indicated as “fall” in decision tree
900), or (ii) a user has either not fallen, or has fallen but is
not in need of assistance (indicated as “not fall” in decision
tree 900). As shown in FIG. 9, certain combinations of
characteristics are indicative of each outcome.

[0172] For example, if the user experienced a high impact
(e.g., greater than a first threshold value), and exhibited
signs of trauma and/or impairment in motion after the
impact, a determination can be made that the user has fallen
and may be in need of assistance. As another example, if the
user experienced a moderate impact (e.g., less than the first
threshold value, but greater than a second threshold value
smaller than the first threshold value), was performing
certain activities prior to the impact (e.g., walking, climbing
stairs, etc.), was performing a flailing or a bracing motion
prior to impact, and exhibited signs of trauma and/or impair-
ment in motion after the impact, a determination can be
made that the user has fallen and may be in need of
assistance. Otherwise, a determination can be made that the
user has either not fallen, or has fallen but is not in need of
assistance. Although example decision branches are shown
in FIG. 9, these are merely illustrative examples. In practice,
the decision branches of a decision tree can vary, depending
on the implementation.

[0173] In some cases, a fall detector can be a Bayesian
classifier. As an example, the posterior probability of fall can
be calculated given a set of features:

p(fall 12,3, . . )=p(llallp(2lfall) . .. p(f3)fall)
a2, .. ),
[0174] where f1, 2, f3, . . . are features computed from
acceleration and orientation signals (e.g., an impact magni-
tude, a jerk, a time to the third zero-crossing, a pre-impact
activity, a presence of bracing or flailing, and/or post-impact
features determined from a sample population), and p(f all)
is the priori probability of a fall, which can be determined
based on age, gender and/or other biometric information
from the sample population. Analogously, the posterior
probability of an impact not being a fall can be computed as:

(ADLI1,23, . . . )=p(flIADL)p(f2| ADL)p(f3|ADL)
- p(ADLYp(AL25, . . ),

where ADL represents activities of daily living, which do not
contain any instances of the user falling. The mobile device
102 can determine that a fall has occurred when the ratio p(f
alllft, £2, 13, . . . )/p(ADLIf1, £2, 13, . . . ) is greater than a
threshold value. In practice, the threshold value can vary,
depending on the implementation.

[0175] Other types of information can also be used to
determine whether a user has fallen. As an example, as
discussed above, erratic motions over a period of time may
be more indicative of a fall (e.g., the user may be flailing his
arms while falling). However, periodic motions over a
period of time may be more indicative of intentional move-
ment by the user (e.g., periodic movements of the arms
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while shaking hands, chopping food, etc.). Accordingly, the
periodicity of a user’s motion can be used to determine
whether a user has fallen.

[0176] In some cases, the periodicity of a user’s motion
can be determined based on a first periodicity metric corre-
sponding to a Fast Fourier Transform (FFT) of the coherent
energy of the acceleration signal over a window of time
(e.g., 10 seconds) after a detected impact. The coherent
energy is the sum of the peaks in the spectrum whose quality
is greater than a particular threshold value. A greater first
periodicity metric can indicate greater periodicity of move-
ment, which may correspond to a lower likelihood that the
user has fallen. A lower first periodicity metric can indicate
lesser periodicity of movement, which may correspond to a
higher likelihood that the user has fallen.

[0177] In some cases, the periodicity of a user’s motion
can be determined based on a second periodicity metric
corresponding to an interquartile range (IQR) of the inter-
peak interval of the acceleration signal over a window of
time (e.g., 10 seconds) after a detected impact. This can be
calculated by identifying all of the peaks around the detected
impact that are greater than a particular threshold value, then
calculating the IQR of the intervals between adjacent peaks.
If the repeating peaks are spaced equally (or substantially
equally) apart, the IQR will be small, indicating periodic
movement. Accordingly, a lower second periodicity metric
can indicate greater periodicity of movement, which may
correspond to a lower likelihood that the user has fallen. In
contrast, a greater second periodicity metric can indicate
lesser periodicity of movement, which may correspond to a
higher likelihood that the user has fallen.

[0178] In some cases, the mobile device 102 can be used
to distinguish between different types of falls. For example,
a mobile device 102 can distinguish between a tripping fall
(e.g., a fall in which a user stumbles forward, such as when
his feet are caught by an obstruction), a slipping fall (e.g., a
fall in which a user falls backwards, such as when he loses
his balance on a slippery surface), a tumbling fall (e.g., a fall
in which a user has rotated or rolled about an axis of rotation,
such as when a user rolls down a hill or flight of stairs),
and/or other types of falls. This can be useful, for example,
as different types of falls may have different effects on a user
(e.g., some may be more injurious to a user, while others
may be less so). Thus, the mobile device 102 can take a more
specific action in response to the particular nature of the
user’s fall.

[0179] As described herein, a mobile device can determine
whether a user has fallen based, at least in part, on the mobile
device’s “pose angle,” or orientation with respect to the
inertial frame (e.g., the earth frame). In some cases, this can
be determined using information obtained by an accelerom-
eter (e.g., by using an acceleration signal generated by the
accelerometer to determine to identify the direction of
gravity, or the inertial z-direction) and/or information from
an orientation sensor, such as a gyroscope (e.g., by using an
orientation signal generated by the gyroscope to determine
the orientation of the device with respect to the direction of
gravity).

[0180] In some cases, a mobile device can distinguish
between tripping falls and slipping falls based on changes in
the pose angle of the mobile device prior to and/or after an
impact, and determining whether the measured changes in
the pose angle are indicative of a trip or a fall. As an
example, when a user trips, he often moves his arm down-
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ward to brace for impact. Accordingly, if the mobile device
is attached to the user’s wrist, it may experience a negative
change in pose angle before the impact. Further, at the time
of the fall, the pose angle may be pointing towards the
ground. As another example, when a user slips, he often
throws his arms upward in an attempt to regain his balance.
Accordingly, if the mobile device is attached to the user’s
wrist, it may experience a positive change in pose angle
before the impact.

[0181] These characteristics can be used to distinguish
tripping falls from slipping falls. For example, FIG. 10
shows a scatter plot 1000 of pose angle data collected from
a sample population of users that experienced different types
of falls using a mobile device attached to each user’s wrist.
Each point 1002 indicates a particular type of fall (e.g., a
tripping fall, a slipping fall, or other types of falls), the
corresponding pose angle change (e.g., in degrees) of the
mobile device prior to the impact (indicated in the x-axis),
and the corresponding pose angle change of the mobile
device after the impact (indicated in the y-axis). The sign of
the pose angle change can indicate the direction of motion.
For example, a positive pose angle change can indicate the
final pose angle of the mobile device is higher than the initial
pose angle during the time-window of consideration. Like-
wise, a negative value of pose angle change can indicate that
the final pose angle of the mobile device is lower than the
initial pose angle. As shown in FIG. 10, when a user
experiences a tripping fall, the mobile device moves in the
downward direction prior to impact as the user is preparing
to brace, and then moves upwards after hitting the surface.
Accordingly, trip falls often have a negative pose angle
change prior to impact and a positive pose angle change after
the impact. In contrast, when a user experiences a slipping
fall, the mobile device moves in the upward direction as the
user flails his arm before impact, and then moves down-
wards after impact. Accordingly, slip falls often have a
positive pose angle change before impact and a negative
pose angle change after the impact. Thus, a mobile device
can distinguish between tripping falls and slipping falls
based on changes in the pose angle of the mobile device
prior to and/or after an impact, and determining whether the
measured changes in the pose angle are indicative of a trip
or a fall. Further, if the magnitude of pose angle change in
either direction is not large enough to convincingly suggest
a trip or slip-like fall behavior, the fall may be categorized
into a hold-all category of “other” falls. For example, this
may be likely in case of falls where the user faints due to
dehydration, where there may not be a pronounced flailing
or bracing motion before impact as the user loses conscious-
ness

[0182] In some cases, a system can determine whether a
user has tumbled (e.g., fallen in such a way that the user has
rotated or rolled about an axis of rotation). This can be
beneficial, for example, as tumbling falls can be particularly
injurious to a user, and can correspond to higher likelihood
that a user is in need of assistance. Example tumbling falls
include a user falling and rolling down a flight of stairs or a
hill, a user falling headlong (e.g., partially or fully somer-
saulting), a user “logrolling,” or another fall involving a
certain degree of rolling or rotation.

[0183] As an example, as described above, a user 110 can
position the mobile device 102 on his body, and go about his
daily life (e.g., walk, run, sit, lay down, participate in a sport
or athletic activity, or any other physical activity). During
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this time, the mobile device 102 collects sensor data regard-
ing the motion of the user 110. For instance, using the
motion sensors 2510 shown in FIG. 25 (e.g., one or more
accelerometers), the mobile device 102 can measure an
acceleration experienced by the motion sensors 2510, and
correspondingly, the acceleration experienced by the mobile
device 102. Further, using the motion sensors 2510 (e.g., one
or more compasses or gyroscopes), the mobile device 102
can measure an orientation of the mobile device 102. In
some cases, the motion sensors 2510 can collect data con-
tinuously or periodically over a period of time or in response
to a trigger event. Further, the mobile device 102 can
determine the acceleration and/or orientation with respect to
a frame of reference fixed to the mobile device 102 (e.g., a
body frame) and/or with respect to the inertial frame (e.g.,
the earth frame).

[0184] The mobile device 102 can continuously measure
the acceleration and the orientation of the mobile device
over a sliding sample window (e.g., to generate a continuous
sample buffer). The acceleration signal can be used to
identify the direction of gravity (or the inertial z-direction),
and the orientation signal can be used to determine the
orientation of the mobile device 102 with respect to the
direction of gravity. Using this information, the mobile
device 102 can determine the pose angle of the mobile
device 102 (approximating the orientation of the user 110).
Further, using this information, the rate of rotation of the
mobile device 102 can be determined with respect to both
the body frame and the inertia frame (approximating the rate
of rotation of the user 110 with respect to the body frame and
the inertia frame).

[0185] As examples, plot 1100 in FIG. 11A shows accel-
eration signals 1102 obtained over a sliding sample window
spanning approximately 2.5 seconds to 7.5 seconds, and plot
1104 in FIG. 11B shows a corresponding rate of rotation
signals 1106 with respect to the inertia frame over the same
sliding sample window. In this example, a user has fallen on
a flight of stairs at approximately the 3 second mark,
contacted the stairs and/or railings approximately between
the 3 second and 6.5 second marks, and began rolling down
the stairs at 6.5 second mark. Plot 1100 includes three
different acceleration signals 1102, each corresponding to a
different direction (e.g., an x-direction, y-direction, and
z-direction in a Cartesian coordinate system in a frame of
reference fixed to the mobile device 102, or the body frame).
Similarly, plot 1104 includes three different rate of rotation
signals 1106, each corresponding to a different direction
(e.g., an x-direction, y-direction, and z-direction in a Car-
tesian coordinate system fixed to the inertial frame).
Although a sliding sample window having an example
length is shown, in practice, a sliding sample window can
have any length (e.g., 1 second, 2 seconds, 3 seconds, 4
seconds, or any other length of time). Further, different
frames of references can be used other than Cartesian
coordinate system. For example, in some cases. a quaternion
coordinate system can be used.

[0186] Further, using this information, the mobile device
102 can determine one or more instantaneous axes of
rotation of the mobile device 102 over the sliding sample
window, the average axis of rotation of the mobile device
over the sliding sample window, and a degree of uncertainty
associated with the average axis of rotation (e.g., a variance
value, standard deviation value, or other uncertainty metric).
As an example, plot 1108 in FIG. 11C shows an axis of
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rotation signal 1110 indicating the instantaneous axis of
rotation of the mobile device 102 with respect to the inertial
frame for any given point in time in the sliding sample
window. An angle of 0° indicates that the mobile device 102
is rotating along an axis parallel to the direction of gravity
at a particular point in time, while an angle of 90° indicates
that the mobile device is rotating along an axis perpendicular
to the direction of gravity at a particular point in time. The
average axis of rotation of the mobile device over the sliding
sample window and the degree of uncertainty associated
with the average axis of rotation can be determined using
this signal (e.g., by averaging the values of the signal, and
determining a variance, standard deviation, or other uncer-
tainty metric based on the values of the signal).

[0187] Further, the mobile device 102 can determine
whether the mobile device 102 is rotating with respect to a
consistent axis of rotation over the sliding sample window.
As an example, if the variation or deviation between the one
or more instantaneous axes of rotation of the mobile device
102 and the average axis of rotation during the sliding
sample window is lower. the mobile device 102 can deter-
mine that the mobile device 102 is rotating more consis-
tently about a particular axis of rotation. However, if the
variation or deviation between the one or more instanta-
neous axes of rotation of the mobile device 102 and the
average axis of rotation during the sliding sample window is
higher, the mobile device 102 can determine that the mobile
device 102 is rotating less consistently about a particular
axis of rotation. In some cases, the mobile device 102 can
determine that it is rotating with respect to a consistent axis
of rotation over the sliding sample window if the variation
or deviation between the one or more instantaneous axes of
rotation of the mobile device 102 and the average axis of
rotation during the sliding sample window is lower than a
particular threshold value.

[0188] If the mobile device 102 determines that mobile
device 102 is rotating with respect to a consistent axis of
rotation over the sliding sample window, the mobile device
102 can determine an angular displacement of the mobile
device 102 with respect to the sliding sample window. This
can be performed, for example, by performing an angular
integration of the rate of rotation signal with respect to the
inertial frame over the sliding sample window. As an
example, plot 1112 in FIG. 11D shows a total angular
displacement signal 1014 corresponding to the total angular
displacement of the mobile device 102 with respect to the
inertial frame over the sliding period of time. The total
angular displacement signal 1014 can be obtained, for
example, by integrating one or more of the rate of rotation
signals 1006 shown in FIG. 11B on a sliding basis.

[0189] The mobile device 102 can determine whether a
user has tumbled based on the total angular displacement,
and the instantaneous axis of rotation of the mobile device
102. For example, as shown in FIG. 11C, the instantaneous
axis of rotation of mobile device 102 is relatively stable from
around the 6.5 second mark onward (corresponding to the
time in which the user began rolling down the stairs).
Further, the axis of rotation is consistently approximately
90° during this time, indicating that the user was rolling
along an axis of rotation approximately perpendicular to the
direction of gravity. Further, as shown in FIG. 11D, the
mobile device 102 experienced a relatively large angular
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displacement at around the same time period. The combi-
nation of these characteristics can be indicative of a tum-
bling fall.

[0190] In some cases, the mobile device 102 can deter-
mine that a user has tumbled if the one or more instanta-
neous axes of rotation are greater than a threshold angular
value and/or and if the angular displacement is greater than
a threshold displacement value. In some cases, the mobile
device 102 can determine that a user has tumbled if the one
or more instantaneous axes of rotation are relatively large
(e.g., greater than threshold angular value) and/or consistent
over a threshold period of time (e.g., approximately 90° over
a period of 1 second, 2 seconds, 3 seconds, or some period
of time).

[0191] In some cases, the mobile device 102 can also
identify different types of tumbling falls. For example, if the
one or more instantaneous axes of rotation are approxi-
mately 90° with respect to the direction of gravity, this can
signify a tumble in which a user rolls headlong or sideways
(e.g., somersaults or logrolls). As another example, if the one
or more instantaneous axes of rotation is between 0° and 90°
with respect to the direction of gravity, this can signify a
tumble in which a user twists while falling.

[0192] In a similar manner as described above, upon
identifying that a user has tumbled and may be in need of
assistance, the mobile device 102 can automatically take an
appropriate action in response. For instance, the mobile
device 102 can automatically notify the user or others (e.g.,
an emergency response system, an emergency contact, or
others) regarding the situation. Similarly, in some cases,
upon determining that the user has tumble and may be in
need of assistance, the mobile device 102 can first notify the
user before transmitting messages to others (e.g., before
transmitting a notification to the emergency response sys-
tem, the emergency contact, or others).

[0193] The implementations described herein are not lim-
ited solely to detecting tumbling falls by a user. In some
cases, one or more implementations can be used to deter-
mine intentional tumbles or rotations by a user. As an
example, a device can use rotational data to determine
whether a user has somersaulted or logrolled (e.g., as a part
of an athletic activity, such as gymnastics). As another
example, a device can use rotational data to determine
whether a user has performed a tumble turn during swim-
ming (e.g., to count the number of laps that the user has
performed in a swimming pool). In practice, other applica-
tions are also possible, depending on the implementation.
[0194] Upon identifying that a user has fallen and may be
in need of assistance, the mobile device 102 can automati-
cally take an appropriate action in response. For instance,
the mobile device 102 can determine that the user has fallen
and may be in need of assistance, and in response, auto-
matically notify the user or others regarding the situation. As
an example, the mobile device 102 can display a notification
to the user to inform the user that he has fallen and may be
in need of assistance. Further, the mobile device 102 can
transmit a notification to a remote device (e.g., one or more
of the server computer system 104 and/or communication
devices 106) to inform others of the user’s condition. This
can include, for example, notifications to an emergency
response system, a computer system associated with medical
personnel, a computer system associated with a caretaker of
the user, a bystander, etc. Notifications can include, for
example, auditory information (e.g., sounds), textual infor-
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mation, graphical information (e.g., images, colors, patterns,
etc.), and/or tactile information (e.g., vibrations). In some
cases, notification can be transmitted in the form of an
e-mail, instant chat message, text message (e.g., short mes-
sage service [SMS] message), telephone message, fax mes-
sage, radio message, audio message, video message, haptic
message (e.g., one or more bumps or vibrations), or another
message for conveying information.

[0195] In some cases, the mobile device 102 can transmit
a message to another system using pre-determined contact
information. For example, the user of the mobile device 102
can provide contact information regarding an emergency
contact, such a telephone number, an e-mail address, a user
name in an instant chat service, or some other contact
information. The mobile device 102 can generate a message
having a compatible data format (e.g., an audio telephone
message, a video telephone message, a text message, an
e-mail message, chat message, or some other message), and
transmit the message to emergency contact using the pro-
vided contact information (e.g., using one or more of the
server computer system 104 and/or the communication
devices 106).

[0196] In some cases, upon determining that the user has
fallen and may be in need of assistance, the mobile device
102 can first notify the user before transmitting messages to
others (e.g., before transmitting a notification to an emer-
gency response system, an emergency contact, or others). In
response, the user can instruct the mobile device 102 not to
notify others (e.g., if the user is not in need of assistance).
Alternatively, the user can expressly instruct the mobile
device 102 to notify others (e.g., if the user is in need of
assistance). In some cases, if the user does not respond to the
notification, the mobile device 102 can automatically notify
others (e.g., in the event that the user is incapacitated and
unable to respond). In some cases, the mobile device 102 can
notify the user multiple different times, and if no response is
received from the user after a period of time (e.g., 25
seconds, or some other period of time), automatically notify
others for assistance.

[0197] In some cases, the mobile device 102 can deter-
mine whether the notification others using a state machine.
A state machine can specify that the mobile device send a
fall alert if it observes a short period of quiescence, a
behavior that often occurs after a fall. Then, the mobile
device detects incapacity by checking for a period of “long
lie” by the user (e.g., a period of time in which the user does
not move or arise). If incapacity is detected, the mobile
device can automatically transmit a distress call to a third
party and/or instruct another device to transmit the distress
call). The user can also cancel the distress call (e.g., if the
user believes that he does not require assistance).

[0198] An example state machine 1200 is shown in FIG.
12. In this example, the mobile device begins in a “nominal”
state 1202 (e.g. a low alert state of the mobile device), a
“likely fall” state 1204 (e.g., an elevated alert state of the
mobile device upon detection of a possible fall by the user),
“wait” states 1206a and 12065 (e.g., states in which the
mobile device waits for additional information, such as a
potential input by a user or movement by the user), “alert”
states 1208a and 12085 (e.g., states in which the mobile
device alerts the user of the mobile device regarding a
possible fall and the possibility of sending a distress call to
a third-party), a “cancel” state 1210 (e.g., a state in which an
impending distress call is canceled), and an “SOS” state
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1212 (e.g., a state in which a distress call is conducted). The
mobile device can transition between each of the states
based on the detection of certain signatures of a fall (e.g., as
described herein), detected periods of quiescence (e.g., a
lack of movement by the user), and/or inputs by the user.
[0199] As an example, the mobile device begins at the
“nominal” state 1202. Upon detection of a fall signature
(e.g., a combination of sensor measurements and other
information indicative of a fall), the mobile device transi-
tions of the “likely fall” state 1204. Upon detection of a
period of quiescence T, after the fall, the mobile device
transitions to the “alert” state 12085, and alerts the user of
the detected fall and informs the user of the possibility of
sending a distress call to a third-party (e.g., an emergency
responder). The mobile device transitions to the “wait” state
12065 and awaits possible movements by the user. If no user
movement is detected during a “timeout” period of time
after the transmission of the fall alert elapses (e.g., 30
seconds) and a continuous period of quiescence (e.g.,
T, ;=10 seconds) is detected during this time, the mobile
device transitions to the “SOS” state 1212 and transmits the
distress call. The mobile device then returns to the “nomi-
nal” state 1202. This can be useful, for example, if the user
has fallen and becomes incapacitated for a lengthy period of
time. The mobile device can automatically summon help for
the user, even without the user’s input.

[0200] As another example, the mobile device begins at
the “nominal” state 1202. Upon detection of a fall signature,
the mobile device transitions of the “likely fall” state 1204.
Upon detection of a period of quiescence T, after the fall,
the mobile device transitions to the “alert” state 12085, and
alerts the user of the detected fall and informs the user of the
possibility of sending a distress call to a third-party. The
mobile device transitions to the “wait” state 12065 and
awaits possible movements by the user. If user movement is
detected before a “timeout” period of time after the trans-
mission of the fall alert elapses (e.g., 30 seconds), the mobile
device transitions to the “cancel” state 1210, and cancels the
distress call. The mobile device then returns to the “nomi-
nal” state 1202. This can be useful, for example, if the user
has fallen, but affirmatively indicates that he does not require
assistance. The mobile device refrain from automatically
summon help for the user under this circumstance.

[0201] As another example, the mobile device begins at
the “nominal” state 1202. Upon detection of a fall signature,
the mobile device transitions of the “likely fall” state 1204.
Upon detection of certain types of movements after the fall
(e.g., stepping movements, standing movements, high
dynamic movement, or any other movement indicative of
recovery by the user), the mobile device transitions to the
“waiting” state 1206a. Upon detection of a period of qui-
escence T, after the cessation of movement by the user, the
mobile device transitions to the “alert” state 1208a, and
alerts the user of the detected fall. The mobile device
transitions to the “cancel” state 1210, and does not transmit
a distress call. The mobile device then returns to the “nomi-
nal” state 1202. This can be useful, for example, if the user
has fallen, but exhibits signs of recovery. The mobile device
can alert the user regarding the fall, but does not automati-
cally summon help for the user under this circumstance.
[0202] As another example, the mobile device begins at
the “nominal” state 1202. Upon detection of a fall signature,
the mobile device transitions of the “likely fall” state 1204.
Upon detection of certain types of movements after the fall



US 2019/0103007 A1

(e.g., stepping movements, standing movements, high
dynamic movement, or any other movement indicative of
recovery by the user), the mobile device transitions to the
“waiting” state 1206a. Upon the passage of 25 seconds
without the detection of a period of quiescence T,, the
mobile device retums to the “nominal” state 1202. The
mobile device then returns to the “nominal” state 1202. This
can be useful, for example, if the user has fallen, but exhibits
signs of recovery and continues moving for a lengthy period
of time after the fall. The mobile device can refrain from
alerting the user or automatically summoning help for the
user under this circumstance.

[0203] Although time values are shown in FIG. 12, there
are merely illustrative examples. In practice, one or more of
the time values can differ, depending on the implementation.
In some cases, one or more of the time values can be tunable
parameters (e.g., parameters that are selected empirically to
distinguish between different types or events or conditions).
[0204] In some cases, the response sensitivity of the
mobile device 102 can vary depending on the characteristics
of the user. For instance, the mobile device 102 can deter-
mine a probability that the user has fallen and may be in need
of assistance. If the probability is greater than a threshold
level, the mobile device can automatically notify the user
and/or others of the user’s fall. The threshold level can vary
based on each particular user. For example, if the user is at
ahigher risk of falling, the threshold level can be lower (e.g.,
such that the mobile device 102 is more likely to notify the
user and/or others about a fall). However, if the user is at a
lower risk of falling, the threshold level can be higher (e.g.,
such that the mobile device 102 is less likely to notify the
user and/or others about a fall). The threshold level for each
user can be varied based on one or more behavior and/or
demographic characteristics of the user, such as the user’s
age, activity level, walking speed (e.g., maximum observed
waling speed over a period of time), or other factors.
[0205] As an example, FIG. 13 shows a schematic repre-
sentation 1300 of a fall detection technique based on user-
specific sensitivity. The mobile device receives motion data
1302, and computes behavioral features of the user’s motion
(e.g., flailing motions, bracing motions, chaotic motions,
periodic motions, or other features, as described herein)
(1304). Further, the mobile device determines sensitivity
thresholds based on the user’s behavior and/or demographic
characteristics (1306). The mobile device determines
whether the user has fallen and/or whether to transmit a
distress call based on the determined features and thresholds
(e.g., using a fall detector 1308 performing one or more of
the techniques described herein).

[0206] As described herein, a mobile device can determine
whether a user has fallen based, at least in part, on the mobile
device’s “pose angle,” or orientation with respect to the
inertial frame. In some cases, this can be determined using
information obtained by an accelerometer and/or informa-
tion from an orientation sensor, such as a gyroscope.
[0207] In practice, the dynamic range of the accelerometer
can vary, depending on the implementation. For example,
the accelerometer can have a dynamic range of 16 g. As
another example, the accelerometer can have a dynamic
range of 32 g (e.g., to detect a greater range of accelera-
tions).

[0208] Insome cases, the accelerometer and the gyroscope
can each obtain measurements according to the same sample
rate (e.g., 200 Hz, 400 Hz, 800 Hz, or some other fre-

Apr. 4,2019

quency). In some cases, the accelerometer and gyroscope
can each obtain measurements according to different sample
rates. As an example, the accelerometer can obtain measure-
ments according to a higher sample rate (e.g., 800 Hz), while
the gyroscope can obtain measurements according to a lower
sample rate (e.g., 200 Hz). This can be useful, for example,
in selectively reducing the power consumption of one sensor
(e.g., a sensor that consumes more power during operation)
relative to the other to improve the power efficiency of the
mobile device. In some cases, the sample rate of the accel-
erometer and/or gyroscope can be dynamically adjusted
during operation. For instance, the sample rate of the accel-
erometer and/or gyroscope can be selectively increased
during certain periods of time and/or in response to certain
conditions (e.g., greater user motion), and decreased during
certain other periods of time and/or in response to certain
other conditions (e.g., lesser user motion).

[0209] In some cases, one of the accelerometer or the
gyroscope can be used to obtain measurements, while the
other sensor is disabled (e.g., such that it does not collect
measurements). The disabled sensor can be selectively acti-
vated in based on measurements obtained from the active
sensor. This can be useful, for example, in reducing the
power consumption of the mobile device (e.g., by operating
only one of the accelerometer or the gyroscope during
certain periods of time, and selectively operating both of the
accelerometer or the gyroscope in response to certain con-
ditions).

[0210] As an example, the mobile device can disable the
gyroscope, and use the accelerometer to obtain acceleration
measurements over a period of time. If the measured accel-
eration is greater than a particular threshold level (e.g., the
root mean square [RMS] energy of the accelerometer’s
acceleration signal is greater than a threshold energy level),
the mobile device can activate the gyroscope and collect
orientation information. Accordingly, the gyroscope is selec-
tively activated in response to the detection of “significant”
motion by the accelerometer.

[0211] In some cases, the gyroscope can be disabled if
significant motion is no longer detected. For example, if the
RMS energy of the accelerometer’s acceleration signal is
less than the threshold energy level for a particular period of
time (e.g., a pre-defined time interval), the mobile device
can disable the gyroscope, and continue operating the accel-
erometer. In some cases, the gyroscope can be disabled a
particular period of time after the gyroscope was activated
(e.g., after a pre-defined time interval has elapsed since the
gyroscope was switched on). In some cases, the gyroscope
can be disabled if the RMS energy of the accelerometer’s
acceleration signal is less than the threshold energy level for
a first time interval, or if a second time interval has elapsed
since it was activated, whichever occurs first. In practice, the
time intervals can vary, depending on the implementation.
[0212] In some cases, the gyroscope can be selectively
enabled and disabled according to a state machine. FIG. 14
shows an example state machine include a “gyro off” state
1402 (corresponding to a disabled state of the gyroscope), a
“gyro on” state 1404 (corresponding to an enabled state of
the gyroscope), and a “wait” state 1406 (corresponding to a
state in which the mobile device waits further information
before adjusting the operation of the gyroscope).”

[0213] The mobile device begins in the “gyro off” state
1402, in which the gyroscope is disabled. The mobile device
transitions of the “gyro on” state 1404 and enables the
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gyroscope upon detection of a period of non-quiescence
based on an acceleration signal obtained from an accelet-
ometer. Upon detection of quiescence and low rotation
based on the acceleration signal and an orientation signal
from the gyroscope, the mobile device transitions to the
“wait” state 1406. If quiescence and low rotation continues,
the mobile device periodically increments a counter over
time. If the counter exceeds a threshold value, the mobile
device returns to the “gyro off” state 1402 and disables the
gyroscope, and resets the counter. However, if non-quies-
cence and/or a sufficiently high degree of rotation is
detected, the mobile device instead returns to the “gyro on”
state 1404 and keeps the gyroscope enabled, and resets the
counter. In this manner, the mobile device selectively
enables the gyroscope in response to the detection of move-
ment, and disables it after a period of quiescence and low
rotation.

[0214] In some cases, the “Quiescence” condition shown
in FIG. 14 can be a Boolean value that is true when the
following equation is satisfied:

thrlsk1* VM +k2*dVM<thr2

where VM is the magnitude of the acceleration signal, dVM
is the rate of change of the magnitude of the acceleration
signal, and thrl and thr2 are tunable threshold values

[0215] In some cases, the “Quiescence && Low Rotation”
condition shown in FIG. 14 can be a Boolean value that is
true when the following equation is satisfied:

(thrl +0<k1 *VM+k2*d VM<thr2-8) AND (rot<thr3)

where VM is the magnitude of the acceleration signal, dVM
is the rate of change of the magnitude of the acceleration
signal, rot is the rotation rate (e.g., as determined based on
the gyroscope), 0 is a tunable offset value, and thr1, thr2, and
thr3 are tunable threshold values.

[0216] In some cases, falls can be detected based on a
combination or “fusion” of multiple different types of sensor
measurements. For instance, falls can be detected based on
acceleration measurements (e.g., obtained by an accelerom-
eter), orientation measurements (e.g., obtained by a gyro-
scope), air pressure measurements (e.g., obtained by a
pressure sensor or barometer), altitude measurements (e.g.,
obtained by an altimeter, pressure sensor, accelerometer, or
other sensor), heart rate measurements (e.g., obtained by a
heart rate sensor), and/or other types of measurements.

[0217] As an example, FIG. 15 shows a schematic repre-
sentation 1500 of a fall detection technique based on mul-
tiple types of sensor measurements. An accelerometer is
used to detect hard impacts (step 1502). Hard impacts can be
detected, for example, based on the magnitude of accelera-
tion a,,,, and the magnitude of jerk j,, ., measured by the
accelerometer over a sliding window. The magnitude of
acceleration over the sliding window can be calculated using
the following equation:

:sqn(max(\x\)2+max( | y\)z+max(\z\)2)

Bynag

where X, y, and z are the X, y, and z components of the
acceleration signal, respectively, and max is taken in a 0.2
second window.

[0218] The magnitude of jerk over the sliding window can
be calculated using the following equation:

jmdg:max(sqlt(dx2+d)2+dzz))
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where dx, dy, and dz are the derivatives of the x, y, and z
components of the acceleration signal, respectively and max
is taken in a 0.2 second window.

[0219] If a,,,, is greater than a threshold value thrl and
Imag 18 greater than a threshold value thr2, the mobile device
obtains gyroscopic measurements (stop 1504), elevation or
altitude measurements (step 1506), and heartrate informa-
tion (step 1508), and determines whether a fall has occurred
based on the measurements (step 1510).

[0220] As an example, accelerometer and gyroscopic mea-
surements can be used to determine an impact direction and
the pose angle of the mobile device before, during, and/or
after an impact (e.g., as described herein). In some cases,
accelerometer measurements can be used to approximate the
mobile device’s elevation or altitude (e.g., when the mobile
device is static). In some cases, accelerometer and gyro-
scopic measurements can be used in conjunction to approxi-
mate the mobile device’s elevation or altitude (e.g., when the
mobile device is in motion).

[0221] As another example, pressure sensors can be used
to detect multi-level falls (e.g., a user falling off a ladder). As
another example, heart rate sensors can be used to detect
changes in heart rate, such as an elevation of heart rate (e.g,,
due of a fight-or-flight response) or heart rate decay curves
(e.g., a person’s heart rate decay after a fall may have
distinctive characteristics, such as a smaller time constant,
compared to the heart rate decay after the end of a physical
work out). As another example, accelerometers can be used
to detect evaluation or altitude (e.g., when the device is
static). As another example, accelerometers can be used to
detect evaluation or altitude (e.g., when the device is static).

[0222] FIG. 16 shows an example use of an accelerometer
and gyroscope in conjunction to determine information
regarding the motion of a user (e.g., as a part of step 1504
shown in FIG. 15). The accelerometer and the gyroscope
generate accelerometer and gyroscopic measurements (step
1602). Based on this information, a gyroscopic controller
can selectively turn off the gyroscope during certain periods
of time (e.g., as described with respect to FIG. 14) (step
1604). The accelerometer and gyroscopic measurements are
used in conjunction (e.g., “fused”) to obtain information
regarding the device, such as the altitude or elevation of the
device (step 1606). Further, this information can be used to
determine other information about the device, such as the
pose angle and direction from which an impact is experi-
enced by the mobile device (step 1608). The mobile device
determines whether a fall has occurred based on the mea-
surements (step 1610).

[0223] An example fall classifier 1700 is shown in FIG.
17. The fall classifier 1700 can be used to determine whether
a user has fallen, and if so, the type or nature of the fall. The
fall classifier 1700 can be implemented, for example, using
the mobile device 102 and/or the system 100 shown in FIG.
1.

[0224] The fall classifier 1700 receives inputs indicating
the measured motion of the user, and outputs information
indicating whether the user has fallen, and if so, the type or
nature of the fall. For instance, as shown in FIG. 1700, the
fall classier receives acceleration data 1702 indicating an
acceleration experienced by a mobile device worn by a user
(e.g., measured using an accelerometer), and gyroscopic
data 1704 indicating an orientation of the mobile device
(e.g., measured using a gyroscope).
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[0225] The acceleration data 1702 and gyroscopic data
1704 are combined or “fused” together by a sensor fusion
module 1706 (e.g., using one or more of the techniques
described herein), and are considered in conjunction by the
fall classifier 1700. In some cases, the acceleration data 1702
and the gyroscopic data 1704 can be combined with respect
to one or more spatial axes (e.g., six).

[0226] The acceleration data 1702 and the gyroscopic data
1704 can be used in conjunction to determine information
regarding the motion characteristics of the user. As an
example, this data can be used to determine the altitude 1708
of the mobile device.

[0227] Further, the acceleration data 1702 and the gyro-
scopic data 1704 data can be input into a feature extraction
module 1710, which identifies one or more features or
characteristics of the acceleration data 1702 and the gyro-
scopic data 1704. The feature extraction module 1710 can
perform one or more of the techniques described herein. As
an example, the feature extractor 1710 can determine a wrist
angle 1710 of the user (e.g., by determining a pose angle of
the mobile device as it is worn by the user on his wrist).
[0228] Further, a behavior of the user can be determined
using a behavioral modeling module 1712. The behavior of
a user can be modeling one or more of the techniques
described herein. As an example, based on changes of the
pose angle of the mobile device 102, the behavioral mod-
eling module 1712 can determine behavioral information
1714, such as whether the user is performing a bracing
motion (e.g., thrusting his arms out to arrest forward
momentum), a balancing motion (e.g., throwing his arms out
to regain balance), a flailing motion (e.g., fluttering his arms
during and after an impact), or another other motion. In
some cases, a bracing motion can be detected based on
features such as the wrist traversing a negative arc length
before impact, and the wrist pointing toward the ground at
the moment of impact. In some cases, a balancing motion
can be detected based on features such as the wrist traversing
a positive arc length as the user attends to regain balance. In
some cases, a failing motion can be detected based on
features such as the wrist making a one or more rapid
reversals in motion, either as part of a grasping reflex, or due
to repeated secondary impacts with the ground. The behav-
ioral information 1714 can be input into a classification
module 1716 to aid in the detection and classification of
falls.

[0229] The fall classifier 1700 can also analyze aspects of
the acceleration data 1702 separately from the gyroscopic
data 1704. For example, the acceleration data 1702 can be
input into a feature extraction module 1718, which identifies
one or more features or characteristics of the acceleration
data 1702. The feature extraction module 1718 can perform
one or more of the techniques described herein. As an
example, the feature extractor 1718 can determine impact
information 1720, such as the magnitude of an impact
experienced by the user, motions made by the user prior to
the impact, and motions made by the user after the impact.
As another example, the feature extractor 1718 can deter-
mine a degree of chaos in the user’s motions over a period
of time.

[0230] The impact information 1720 can be input into an
impact detector 1722, which determine if the user actually
experienced an impact, and if so, the type or nature of the
impact. The impact detector 1722 can perform one or more
of the techniques described herein. As an example, the
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impact detector 1722 can output an indication 1724 regard-
ing whether the user experienced an impact.

[0231] Information from the impact detector 1722 can the
behavioral modeling module 1712 can be used to determine
whether the user has fallen, and if so, the type or nature of
the fall. As an example, based on inputs from a the impact
detector 1722 and the behavioral modeling module 1712, the
classification module 1716 can determine that the user has
slipped, tripped, rolled, or experienced some other type of
fall. As another example, based on inputs from the impact
detector 1722 and the behavioral modeling module 1712, the
classification module 1716 can determine that the user has
experienced an impact, but has not fallen. As another
example, based on inputs from the impact detector 1722 and
the behavioral modeling module 1712, the classification
module 1716 can determine that the user has fallen, but has
recovered. The classification module 1716 outputs fall infor-
mation 1726 indicating whether the user has fallen, and if so,
the type or nature of the fall.

[0232] As described above, multiple types of sensor mea-
surements can be used in conjunction to determine a user’s
motion characteristics. As an example, FIG. 18 shows a fall
sensor fusion module 1800 used to determine whether a user
has fallen, and if so, the type or nature of the fall. The sensor
fusion module 1800 can be implemented, for example, using
the mobile device 102 and/or the system 100 shown in FIG.
1.

[0233] The fall sensor fusion module 1800 receives inputs
from several different sensors. For example, the fall sensor
fusion module 1800 receives acceleration data 1802a indi-
cating an acceleration experienced by a mobile device worn
by a user (e.g., measured using an accelerometer), and
gyroscopic data 18025 indicating an orientation of the
mobile device (e.g., measured using a gyroscope). As
another example, the sensor fusion module 1800 receives
location data 1802¢ indicating a location of the mobile
device (e.g., measured using a Global Navigation Satellite
System receiver, such as the Global Position System
receiver, and/or a wireless transceiver, such as a Wi-Fi radio.
As another example, the sensor fusion module 1800 receives
altitude data 18024 indicating an altitude or elevation of the
device (e.g., measured using an altimeter, barometer, or
other altitude sensor). As another example, the sensor fusion
module 1800 receives heart rate data 18024 indicating a
heart rate of a user wearing the mobile device (e.g., mea-
sured using a heart rate sensor).

[0234] As described herein, the accelerometer data 1802a
and the gyroscopic data 18025 can be used to determine
whether a user has fallen. For example, the accelerometer
data 18024 and the gyroscopic data 18025 can be input into
a fall classifier 1804. In general, the fall classifier 1804 can
function in a similar manner as described with respect to
FIG. 17. For example, the fall classifier 1804 can determine
one or more features based on the acceleration data 1802,
and determine whether the user experienced an impact based
on those features. Further, the fall classifier 1804 can detet-
mine one or more features based on both the acceleration
data 18024 and the gyroscopic data 18025, and model a
behavior of the user based on the features. Further, the fall
classifier 1804 can determine whether a user has fallen based
on the detected impacts and/or the modeled behavior.
[0235] Further, the fall classifier 1804 can determine
whether a user has fallen based, at least in part, on the
location data 1802¢. For example, the location data 1802¢
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can be input into a threshold module 1806. The threshold
module 1806 determines information regarding the location
of the mobile device 1806. For example, the threshold
module 1806 can determine whether the mobile device is at
a user’s home, at a user’s place of work, at a public area
(e.g., a store, gym, swimming pool, etc.), or some other
location. As another example, the threshold module 1806 an
determine whether the mobile device is being worn by the
user while the user is driving, biking, skating, skateboarding,
or traveling using some other mode of transportation. This
information can be input into the fall classifier 1804 to
improve the detection of falls. For example, a user may be
more likely to fall while he is at home, rather than traveling
in a car. Accordingly, the fall classifier 1804 can increase the
sensitivity with which is detects falls upon determining that
the user is at home, versus when the user is driving a car. As
another example, a user may be more likely to fall while he
is outside while it is snowing or raining, rather than when it
is not snowing or raining. Accordingly, the fall classifier
1804 can increase the sensitivity with which is detects falls
upon determining that the user is outside and determining
that rain or snow is occurring at the location (e.g., based on
information obtained from a weather service), versus when
it is not raining or snowing at the user’s location.

[0236] The fall classifier 1804 outputs fall data 1808
indicating whether the user has experienced a fall, and if so,
the type or nature of the fall. The fall data 1808 can be input
into a fusion module 1810, which rejects false positives by
the fall classifier 1804. For example, the fusion module 1810
can receive fall data 1808 indicating that a fall was occurred.
However, based on additional information received by the
fusion module 1810, the fusion module 1810 can override
the fall data 1808, and determine that a fall was not occurred.
The fusion module 1810 outputs confirmation data 1812
confirming whether the user has experienced a fall, and if so,
the type or nature of the fall.

[0237] In some cases, the fusion module 1810 can deter-
mine whether the fall data 1808 is a false positive based on
the altitude data 1802d. For example, the altitude data 18024
can be input into a filter module 1814. The filter module
1814 can be used to isolate particular components of the
altitude data 18024 (e.g., particular frequencies or frequency
ranges). The filtered altitude data 18024 is input into a
feature extraction module 1816, which determines feature
data 1816 indicating one or more features of the altitude of
the mobile device. As an example, the feature extraction
module 1816 can determine the change in altitude or eleva-
tion of the mobile over a period of time. The feature data
1818 1s input into the fusion module 1810, and can be used
to identify potential false positives. For example, if the
mobile device experienced a significant change in elevation
(e.g., several feet, or several levels or stories), the fusion
module 1810 may determine that a false positive is less
likely. As another example, if the mobile device did not
experience any change in elevation, the fusion module 1810
may determine that a false positive is more likely.

[0238] In some cases, the fusion module 1810 can deter-
mine whether the fall data 1808 is a false positive based on
the heart rate data 1802¢. For example, the heart rate data
1802¢ can be input into a filter module 1820. The filter
module 1820 can be used to isolate particular components of
the heart rate data 1802¢ (e.g., particular frequencies or
frequency ranges). The filtered heart rate data 1802¢ is input
into a feature extraction module 1822, which determines
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feature data 1824 indicating one or more features of the heart
rate of the user wearing the mobile device. As another
example, the feature extraction module 1822 can determine
an elevation or increase of the user’s heart rate after a fall.
As another example, the feature extraction module 1822 can
determine a subsequent decay or recovery of the heart rate
(e.g., as the heart rate returns to normal). As another
example, the feature extraction module 1822 can determine
a decay time constraint associated with the decay or recov-
ery in heart rate (e.g., a time constant indicating the rate of
decay after elevation). The feature data 1824 is input into the
fusion module 1810, and can be used to identify potential
false positives. For example, if the user’s heart rate
increased (e.g., due to a fight-or-flight response), the fusion
module 1810 may determine that a false positive is less
likely. As another example, a user’s rate heart often decays
more quickly after a fall than after a period of exercise.
Accordingly, the mobile device can compare the user’s
decay time constant to a decay time constant sampled after
the user had exercised. If the user’s decay time constant is
smaller than the exercise-related decay time constant, the
fusion module 1810 may determine that a false positive is
less likely.

[0239] As described above, the mobile device can auto-
matically transmit a distress call to a third party (e.g., an
emergency responder) in response to detecting a fall, and
determining that the user may be in need of assistance. In a
similar manner as described above (e.g., with respect to FIG.
12), the mobile device can first alert a user regarding a
potential transmission of a distress call (e.g., after a fall), and
allow the user to confirm whether to proceed with the call.
The user can manually initiate the distress call in response
to the alert (e.g., can inputting a command into the mobile
device). However, if the user does not respond to the alert,
the mobile device can determine whether the call should
proceed based on the user’s behavior after the call. For
example, if the user does not move after the fall (e.g,
indicating that the user is injured or unresponsive), the
mobile device can proceed with the call. However, if the user
exhibits activity (e.g., indicating that the user has recov-
ered), the mobile device can cancel the call. This gradual
escalation can be beneficial, for example, in reducing the
number of false positives regarding a fall, and decreasing the
likelihood that a third party will be called unnecessarily.

[0240] In some cases, a mobile device can determine
whether to transmit a distress call based on measurements
obtained by several different sensors. As an example, FIG.
19 shows a distress call module 1900 used to determine
whether to transmit a distress call to a third party. The
distress call module 1900 can be implemented, for example,
using the mobile device 102 and/or the system 100 shown in
FIG. 1.

[0241] The distress call module 1900 includes a fusion
module 1902 for determining whether a user has fallen, and
if so, the type or nature of the fall. The fusion module 1902
can operate in a similar manner as described with respect to
FIG. 18. For example, the fusion module 1902 can receive
several types of sensor data 1804, such as acceleration data,
gyroscopic data, location data, altitude data, and/or heart rate
data. Based on this information, the fusion module 1902 can
determine whether a user wearing the mobile device has
fallen, and identify potential false positives. The fusion
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module 1902 outputs confirmation data 1804 confirming
whether the user has experienced a fall, and if so, the type
or nature of the fall.

[0242] Further, the distress call module 1900 determines
information regarding the motion of the user wearing the
mobile device. For example, the accelerometer data and
gyroscopic data can be input into a feature extraction
module 1806. The feature extraction module 1806 deter-
mines one or more features regarding the motion of the user,
such as whether the user has moved for a period of time after
a fall, whether the user can taken any steps after a fall,
whether the user has stood up after a fall, or other features.
The extraction module 1806 outputs feature data 1808
indicating each of the extracted features.

[0243] The confirmation data 1804 and the feature data
1806 can input into a fall state machine 1810. The fall state
machine 1810 determines, based on the inputs, whether to
transmit a distress call to a third party. An example fall state
machine 1810 is shown in FIG. 20.

[0244] In this example, the mobile device begins in a
“nominal” state 2002 (e.g. a low alert state), a “confirmed
fall” state 2004 (e.g., an elevated alert state upon detection
of a fall by the fusion module 1802), an “alert” state 2006
(e.g., a state in which the mobile device alerts the user of the
mobile device regarding a fall and the possibility of sending
a distress call to a third-party), a “wait” state 2008 (e.g., a
state in which the mobile device waits for additional infor-
mation, such as a potential input by a user), a “cancel” state
2010 (e.g.. a state in which an impending distress call is
canceled), and an “SOS” state 2012 (e.g., a state in which a
distress call is conducted). The mobile device can transition
between each of the states based on the detection of certain
signatures of a fall (e.g., as described herein), detected
periods of quiescence (e.g., a lack of movement by the user),
and/or inputs by the user.

[0245] As an example, the mobile device begins at the
“nominal” state 2002. Upon detection of a confirmed fall
(e.g., by the fusion module 1802), the mobile device tran-
sitions of the “confirmed fall” state 2004. Upon detection of
a period of quiescence T, after the fall, the mobile device
transitions to the “alert” state 2006, and alerts the user of the
detected fall and informs the user of the possibility of
sending a distress call to a third-party (e.g., an emergency
responder). The mobile device transitions to the “wait” state
2008 and awaits input from the user in response to the alert.
If no user movement is detected during a long-lie period of
time T, after the transmission of the fall alert (e.g., 30
seconds), the mobile device transmits to the “SOS” state
2012 and transmits the distress call. The mobile device then
returns to the “nominal” state 2002. This can be useful, for
example, if the user has fallen and becomes incapacitated for
a lengthy period of time. The mobile device can automati-
cally summon help for the user, even without the user’s
input.

[0246] As another example, the mobile device begins at
the “nominal” state 2002. Upon detection of a confirmed
fall, the mobile device transitions of the “confirmed fall”
state 2004. Upon detection of certain types of movements
after the fall within the period of quiescence T, (e.g.,
stepping movements, standing movements, high dynamic
movement, or any other movement indicative of recovery by
the user), the mobile device returns to the “nominal” state
2002. This can be useful, for example, if the user has fallen,
but exhibits signs of movement and recovery after the fall.
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The mobile device can refrain from alerting the user or
automatically summoning help for the user under this cir-
cumstance.

[0247] As an example, the mobile device begins at the
“nominal” state 2002. Upon detection of a confirmed fall
(e.g., by the fusion module 1802), the mobile device tran-
sitions of the “confirmed fall” state 2004. Upon detection of
a period of quiescence T, after the fall, the mobile device
transitions to the “alert” state 2006, and alerts the user of the
detected fall and informs the user of the possibility of
sending a distress call to a third-party (e.g., an emergency
responder). The mobile device transitions to the “wait” state
2008 and awaits input from the user in response to the alert.
Upon detection of certain types of movements within the
long-lie period of time T, after the transmission of the fall
alert (e.g., stepping movements, standing movements, high
dynamic movement, or any other movement indicative of
recovery by the user), the mobile device transitions to the
“cancel” state 2010, and does not transmit a distress call.
The mobile device then returns to the “nominal” state 2002.
This can be useful, for example, if the user has fallen, but
exhibits signs of recovery. The mobile device can alert the
user regarding the fall, but does not automatically summon
help for the user under this circumstance.

[0248] Although time values are described with respect to
FIG. 20, there are merely illustrative examples. In practice,
one or more of the time values can differ, depending on the
implementation. In some cases, one or more of the time
values can be tunable parameters (e.g., parameters that are
selected empirically to distinguish between different types or
events or conditions).

Example Processes

[0249] An example process 1700 for determining whether
a user has fallen and/or may be in need of assistance using
a mobile device is shown in FIG. 21. The process 2100 can
be performed for example, using the mobile device 102
and/or the system 100 shown in FIG. 1. In some cases, some
or all of the process 2100 can be performed by a co-
processor of the mobile device. The co-processor can be
configured to receive motion data obtained from one or more
sensors, process the motion data, and provide the processed
motion data to one or more processors of the mobile device.

[0250] In the process 2100, a mobile device (e.g., the
mobile device 102 and/or one or more components of the
system 100) obtains motion data indicating motion mea-
sured by a motion sensor over a time period (step 2102). The
sensor is worn by a user. As an example, as described with
respect to FIGS. 1 and 2A, a user can attach a mobile device,
such as a smart watch, to his arm or wrist, and goes about
his daily life. This can include, for example, walking,
running, sitting, laying down, participating in a sport or
athletic activity, or any other physical activity. During this
time, the mobile device uses a motion sensor in the mobile
device (e.g., an accelerometer) to measure an acceleration
experienced by the sensor over a period of time. Sensor data
can be presented in the form of a time-varying acceleration
signal (e.g., as shown in FIG. 3).

[0251] The mobile device determines an impact experi-
enced by the user based on the motion data (step 2104), the
impact occurring during a first interval of the time period.
Example techniques for determining an impact are described
above (e.g., with respect to FIGS. 3-5).
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[0252] The mobile device determines, based on the motion
data, one or more first motion characteristics of the user
during a second interval of the time period (step 2106), the
second interval occurring prior to the first interval. The
second interval can be, for example, a “pre-impact” time
period. Determining the first motion characteristics can
include, for example, determining that the user was walking
during the second interval, determining that the user was
ascending or descending stairs during the second interval,
and/or determining that the user was moving a body part
according to a flailing motion or a bracing motion during the
second interval. Example techniques for determining motion
characteristics during the “pre-impact” time period are
described above (e.g., with respect to FIG. 6).

[0253] The mobile device determines, on the motion data,
one or more second motion characteristics of the user during
a third interval of the time period (step 2108), the third
interval occurring after the first interval. The third interval
can be, for example, a “post-impact” time period. Deter-
mining the second motion characteristics can include, for
example, determining that the user was walking during the
third interval, determining that the user was standing during
the third interval, and/or determining that an orientation of
a body part of the user changed N or more times during the
third interval. Example techniques for determining motion
characteristics during the *“pre-impact” time period are
described above (e.g., with respect to FIGS. 7 and 8).
[0254] The mobile device determines that the user has
fallen based on the impact, the one or more first motion
characteristics of the user, and the one or more second
motion characteristics of the user (step 2110). The mobile
device can also determine that whether the user may be in
need of assistance (e.g., as a result of the fall). Example
techniques for determining whether a user has fallen and
may be in need of assistance are described above (e.g., with
respect to FIG. 9).

[0255] As an example, the mobile device can determine,
based on the motion data, that the impact is greater than a
first threshold value, and determining, based on the motion
data, that a motion of the user was impaired during the third
interval, Based on these determinations, the mobile device
can determine that the user has fallen and may be in need of
assistance.

[0256] As another example, the mobile device can deter-
mine, based on the motion data, that the impact is less than
a first threshold value and greater than a second threshold
value. Further, the mobile device can determine, based on
the motion data, that the user was at least one of walking
during the second interval, ascending stairs during the
second interval, or descending stairs during the second
interval. Further, the mobile device can determine, based on
the motion data, that the user was moving a body part
according to a flailing motion or a bracing motion during the
second interval. Further, the mobile device can determine,
based on the motion data, that a motion of the user was
impaired during the third interval. Based on these determi-
nations, the mobile device can determine that the user has
fallen and may be in need of assistance.

[0257] In some cases, the mobile device can determine
that the user has fallen based on a statistical model (e.g., a
Bayesian statistical model). For example, a statistical model
can be generated based on one or more sampled impacts, one
or more sampled first motion characteristics, and one or
more sampled second motion characteristics. The one or
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more sampled impacts, the one or more sampled first motion
characteristics, and the one or more sampled second motion
characteristics can be determined based on sample motion
data collected from a sample population. The sample motion
data can indicate motion measured by one or more addi-
tional motion sensors over one or more additional time
periods, where each additional motion sensor is worn by a
respective user of the sample population. Example tech-
niques for generating and using statistical model are
described above. In some implementations, the one or more
sampled first motion characteristics can include an indica-
tion of a type of activity being performed by a particular
additional user with respect to the sample motion data, an
indication of an activity level of a particular additional user
with respect to the sample motion data, and/or an indication
of a walking speed of a particular additional user with
respect to the sample motion data.

[0258] Responsive to determining that the user has fallen,
the mobile device generates a notification indicating that the
user has fallen (step 2112). As an example, the mobile device
can present an indication that the user has fallen on a display
device and/or an audio device of the mobile device. As
another example, the mobile device can transmit data to a
communications device remote from the mobile device
indicating that the user has fallen. This can include, for
example, an e-mail, instant chat message, text message,
telephone message, fax message, radio message, audio mes-
sage, video message, haptic message, or another message for
conveying information. Example techniques for generating
notifications are described above.

[0259] Another example process 2200 for determining
whether a user has fallen and/or may be in need of assistance
using a mobile device is shown in FIG. 22. The process 2200
can be performed for example, using the mobile device 102
and/or the system 100 shown in FIG. 1. In some cases, some
or all of the process 2200 can be performed by a co-
processor of the mobile device. The co-processor can be
configured to receive motion data obtained from one or more
sensors, process the motion data, and provide the processed
motion data to one or more processors of the mobile device.
[0260] In the process 2200, a mobile device (e.g., the
mobile device 102 and/or one or more components of the
system 100) obtains a first signal indicating an acceleration
measured by an accelerometer over a time period (step
2202), and a second signal indicating an orientation mea-
sured by an orientation sensor over the time period (step
2204). The accelerometer and the orientation sensor are
physically coupled to a user. As an example, as described
with respect to FIGS. 1 and 2A, a user can attach a mobile
device, such as a smart watch, to his arm or wrist, and goes
about his daily life. This can include, for example, walking,
running, sitting, laying down, participating in a sport or
athletic activity, or any other physical activity. During this
time, the mobile device uses sensors in the mobile device
(e.g., an accelerometer and orientation sensor, such as a
gyroscope) to measure an acceleration experienced by the
sensors over a period of time and an orientation of the
sensors over the period of time. Sensor data can be presented
in the form of a time-varying signal (e.g., as shown in FIG.
11A).

[0261] The mobile device determines rotation data regard-
ing an amount of rotation experienced by the user during the
time period (step 2206). The rotational data can include a
third signal corresponding to a rotation rate of the rotation by
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the user during the time period, an indication of one or more
rotational axes of the rotation in a reference coordinate
system by the user during the time period (e.g., one or more
instantaneous axes of rotation), and/or an indication of an
average rotational axis of the rotation by the user during the
time period. Examples rotational data is shown and
described, for instance, in FIGS. 11A-11D.

[0262] The mobile device determines that the user has
tumbled based on the rotation data (step 2208). In some
cases, this can be performed by determining a variation
between the one or more rotational axes of the rotation by
the user during the time period and the average rotational
axis of the rotation by the user during the time period.
Further, the mobile device can determine that the variation
is less than a first threshold value. Responsive to determin-
ing that the variation is less than the first threshold value, the
mobile device can determine a fourth signal corresponding
to an angular displacement by the user during the time
period based on the third signal (e.g., by integrating the third
signal with respect to the period of time).

[0263] Further, the mobile device can determine that the
angular displacement by the user during the period of time
is greater than a second threshold value, and determine that
at least one of the one or more rotational axes of the rotation
by the user during the period of time is greater than a third
threshold value. Responsive to determining that the angular
displacement by the user during the period of time is greater
than the second threshold value and determining that at least
one of the one or more rotational axes of the rotation by the
user during the period of time is greater than the third
threshold value, the mobile device can determine that the
user has tumbled. Otherwise, the mobile device can deter-
mine that the user has not tumbled.

[0264] Responsive to determining that the user has
tumbled, the mobile device generates a notification indicat-
ing that the user has tumbled (step 2210). Generating the
notification can include presenting an indication that the user
has tumbled on at least one of a display device or an audio
device of the mobile device and/or transmitting data to a
communications device remote from the mobile device. This
can include, for example, an e-mail, instant chat message,
text message, telephone message, fax message, radio mes-
sage, audio message, video message, haptic message, or
another message for conveying information. The data can
include an indication that the user has tumbled. Example
techniques for generating notifications are described above.

[0265] Another example process 2300 for determining
whether a user has fallen and/or may be in need of assistance
using a mobile device is shown in FIG. 23. The process 2200
can be performed for example, using the mobile device 102
and/or the system 100 shown in FIG. 1. In some cases, some
or all of the process 2300 can be performed by a co-
processor of the mobile device. The co-processor can be
configured to receive motion data obtained from one or more
sensors, process the motion data, and provide the processed
motion data to one or more processors of the mobile device.

[0266] In the process 2300, a mobile device (e.g., the
mobile device 102 and/or one or more components of the
system 100) obtains motion data indicating a motion mea-
sured by one or more motion sensors over a first time period
(step 2302). The one or more motion sensors are worn by a
user. The one or more motion sensors can include an
accelerometer and/or a gyroscope. The mobile device can be

Apr. 4,2019

a wearable mobile device. Example techniques for obtaining
motion data are described above.

[0267] The mobile device determines that the user has
fallen based on the motion data (step 2304). In some
implementations, the mobile device can determine that the
user has fallen by determining that the user experienced an
impact based on the motion data.). In some implementa-
tions, the mobile device can determine that the user has
fallen by determining a behavior of the user during the first
time period. Example techniques for determining whether a
user has fallen are described above.

[0268] Responsive to determining that the user has fallen,
the mobile device generates one or more notifications indi-
cating that the user has fallen (step 2306). In some imple-
mentations, generating the one or more notifications can
include presenting a first notification to the user indicating
that the user has fallen. The first notification can include at
least one of a visual message, an audio message, or a haptic
message. Example techniques for generating notifications
are described above.

[0269] In some implementations, the mobile device can
receive an input from the user in response to the first
notification (e.g., an input indicating a request for assistance
by the user). In response to receiving the input, the mobile
device can transmit a second notification indicating the
request for assistance to a communications device remote
from the mobile device. The communications device can be
an emergency response system. Further, the second notifi-
cation can indicate a location of the mobile device.

[0270] In some implementations, the mobile device can
determining an absence of movement by the user during a
second time period after the user has fallen (e.g., indicating
that the user is injured or incapacitated). Responsive to
determining the absence of movement by the user during the
second time period, the mobile device can transmit a second
notification indicating a request for assistance to a commu-
nications device remote from the mobile device.

[0271] In some implementations, the mobile device can
determine that the user has moved during a second time
period after the user has fallen (e.g., walked, stood up, or
perhaps some other type of movement). Responsive to
determining that the user has moved during the second time
period, the mobile device can refrain from transmitting a
second notification indicating a request for assistance to a
communications device remote from the mobile device.
[0272] In some implementations, the one or more notifi-
cations can be generated according to a state machine.
Example state machines are shown in FIGS. 12 and 20.
[0273] Another example process 2400 for determining
whether a user has fallen and/or may be in need of assistance
using a mobile device is shown in FIG. 24. The process 2200
can be performed for example, using the mobile device 102
and/or the system 100 shown in FIG. 1. In some cases, some
or all of the process 2400 can be performed by a co-
processor of the mobile device. The co-processor can be
configured to receive motion data obtained from one or more
sensors, process the motion data, and provide the processed
motion data to one or more processors of the mobile device.
[0274] In the process 2400, a mobile device (e.g., the
mobile device 102 and/or one or more components of the
system 100) obtains sample data generated by a plurality of
sensors over a time period (step 2402). The plurality of
sensors is worn by a user. The sample data includes motion
data indicating a motion of the user obtained from one or
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more motion sensors of the plurality of sensors. The sample
data also includes at least one of location data indicating a
location of the mobile device obtained from one or more
location sensors of the plurality of sensors, altitude data
indicating an altitude of the mobile device obtained from
one or more altitude sensors of the plurality of sensors, or
heart rate data indicating a heart rate of the user obtained
from one or more heart rate sensor of the plurality of sensors.
The mobile device can be a wearable mobile device.
Example techniques for obtaining sample data are described
above.

[0275] In some implementations, the one or more motion
sensors can include an accelerometer and/or a gyroscope. In
some implementations, an accelerometer and a gyroscope
can be independently operated to acquire motion data. For
example, acceleration data can be obtained using the accel-
erometer during a first time interval during the period of
time. The gyroscope can be disabled during the first time
interval. Further, based on the accelerometer data obtained
during the first time interval, the mobile device can deter-
mine that a movement of a user exceeded a threshold level
during the first time interval. Responsive to determining that
the movement of the user exceeded the threshold level
during the first time interval, the mobile device can obtain
acceleration data using the accelerometer and gyroscope
data using the gyroscope during a second time interval after
the first time interval. In some cases, the accelerometer and
the gyroscope can be operated according to a state machine.
An example state machine is shown in FIG. 14.

[0276] In some implementations, the one or more altitude
sensors can include at least one of an altimeter or a barom-
eter. The altitude sensors can be used, for example, to
measure certain changes in altitude indicate of a fall (e.g., a
decrease in altitude indicative of falling off a ladder or
structure).

[0277] In some implementations, the one or more location
sensors can include at least one of a wireless transceiver
(e.g., a Wi-Fi radio or cellular radio) or a global Navigation
Satellite System receiver (e.g., a GPS receiver).

[0278] The mobile devices determines that the user has
fallen based on the sample data (step 2404). Example
techniques for determining whether a user has fallen are
described above.

[0279] In some implementations, the mobile device can
determine that the user has fallen by determining, based on
the motion data, a change in orientation of the mobile device
(e.g., a pose angle) during the period of time, and determin-
ing that the user has fallen based on the change in orienta-
tion.

[0280] In some implementations, the mobile device can
determine that the user has fallen by determining, based on
the motion data, an impact experienced by the user during
the period of time, and determining that the user has fallen
based on the impact.

[0281] In some implementations, the mobile device can
determine that the user has fallen by determining, based on
the altitude data, a change in altitude of the mobile device
during the period of time, and determining that the user has
fallen based on the change in altitude.

[0282] In some implementations, the mobile device can
determine that the user has fallen by determining, based on
the heart rate data, a change in heart rate of the user during
the period of time, and determining that the user has fallen
based on the change in heart rate. Determining the change in
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heart rate of the user during the period of time cab include
determining a rate of decay of the heart rate of the user
during the period of time (e.g., a time constant associated
with the rate of decay).

[0283] In some implementations, the mobile device can
determine that the user has fallen by determining, based on
the location data, an environmental condition at the location
of the mobile device, and determining that the user has fallen
based on the environment conditional. The environmental
condition can be a weather at the location (e.g., rain, snow,
etc.).

[0284] In some implementations, the mobile device can
determine that the user has fallen based on the motion data,
the location data, the altitude data, and the heart rate data
(e.g., in conjunction).

[0285] Responsive to determining that the user has fallen,
the mobile device generates one or more notifications indi-
cating that the user has fallen (step 2406). Generating the
one or more notifications can include transmitting a notifi-
cation to a communications device remote from the mobile
device. The communications device can be emergency
response system. Example techniques for generating notifi-
cations are described above.

Example Mobile Device

[0286] FIG. 25 is a block diagram of an example device
architecture 2500 for implementing the features and pro-
cesses described in reference to FIGS. 1-24. For example,
the architecture 2500 can be used to implement the mobile
device 102, the server computer system 104, and/or one or
more of the communications devices 106.

[0287] Architecture 2500 may be implemented in any
device for generating the features described in reference to
FIGS. 1-24, including but not limited to desktop computers,
server computers, portable computers, smart phones, tablet
computers, game consoles, wearable computers, set top
boxes, media players, smart TVs, and the like.

[0288] The architecture 2500 can include a memory inter-
face 2502, one or more data processor 2504, one or more
data co-processors 2574, and a peripherals interface 2506.
The memory interface 2502, the processor(s) 2504, the
co-processor(s) 2574, and/or the peripherals interface 2506
can be separate components or can be integrated in one or
more integrated circuits. One or more communication buses
or signal lines may couple the various components.

[0289] The processor(s) 2504 and/or the co-processor(s)
2574 can operate in conjunction to perform the operations
described herein. For instance, the processor(s) 2504 can
include one or more central processing units (CPUs) that are
configured to function as the primary computer processors
for the architecture 2500. As an example, the processor(s)
2504 can be configured to perform generalized data pro-
cessing tasks of the architecture 2500. Further, at least some
of the data processing tasks can be offloaded to the co-
processor(s) 2574. For example, specialized data processing
tasks, such as processing motion data, processing image
data, encrypting data, and/or performing certain types of
arithmetic operations, can be offloaded to one or more
specialized co-processor(s) 2574 for handling those tasks. In
some cases, the processor(s) 2504 can be relatively more
powerful than the co-processor(s) 2574 and/or can consume
more power than the co-processor(s) 2574. This can be
useful, for example, as it enables the processor(s) 2504 to
handle generalized tasks quickly, while also offloading cer-
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tain other tasks to co-processor(s) 2574 that may perform
those tasks more efliciency and/or more effectively. In some
cases, a co-processor(s) can include one or more sensors or
other components (e.g., as described herein), and can be
configured to process data obtained using those sensors or
components, and provide the processed data to the processor
(s) 2504 for further analysis.

[0290] Sensors, devices, and subsystems can be coupled to
peripherals interface 2506 to facilitate multiple functional-
ities. For example, a motion sensor 2510, a light sensor
2512, and a proximity sensor 2514 can be coupled to the
peripherals interface 2506 to facilitate orientation, lighting,
and proximity functions of the architecture 2500. For
example, in some implementations, a light sensor 2512 can
be utilized to facilitate adjusting the brightness of a touch
surface 2546. In some implementations, a motion sensor
2510 can be utilized to detect movement and orientation of
the device. For example, the motion sensor 2510 can include
one or more accelerometers (e.g., to measure the accelera-
tion experienced by the motion sensor 2510 and/or the
architecture 2500 over a period of time), and/or one or more
compasses or gyros (e.g., to measure the orientation of the
motion sensor 2510 and/or the mobile device). In some
cases, the measurement information obtained by the motion
sensor 2510 can be in the form of one or more a time-varying
signals (e.g., a time-varying plot of an acceleration and/or an
orientation over a period of time). Further, display objects or
media may be presented according to a detected orientation
(e.g., according to a “portrait” orientation or a “landscape”
orientation). In some cases, a motion sensor 2510 can be
directly integrated into a co-processor 2574 configured to
processes measurements obtained by the motion sensor
2510. For example, a co-processor 2574 can include one
more accelerometers, compasses, and/or gyroscopes, and
can be configured to obtain sensor data from each of these
sensors, process the sensor data, and transmit the processed
data to the processor(s) 2504 for further analysis.

[0291] Other sensors may also be connected to the periph-
erals interface 2506, such as a temperature sensor, a bio-
metric sensor, or other sensing device, to facilitate related
functionalities. As an example, as shown in FIG. 25, the
architecture 2500 can include a heart rate sensor 2532 that
measures the beats of a user’s heart. Similarly, these other
sensors also can be directly integrated into one or more
co-processor(s) 2574 configured to process measurements
obtained from those sensors.

[0292] A location processor 2515 (e.g., a GNSS receiver
chip) can be connected to the peripherals interface 2506 to
provide geo-referencing. An electronic magnetometer 2516
(e.g., an integrated circuit chip) can also be connected to the
peripherals interface 2506 to provide data that may be used
to determine the direction of magnetic North. Thus, the
electronic magnetometer 2516 can be used as an electronic
compass.

[0293] A camera subsystem 2520 and an optical sensor
2522 (e.g., a charged coupled device [CCD] or a comple-
mentary metal-oxide semiconductor [CMOS] optical sen-
sor) can be utilized to facilitate camera functions, such as
recording photographs and video clips.

[0294] Communication functions may be facilitated
through one or more communication subsystems 2524. The
communication subsystem(s) 2524 can include one or more
wireless and/or wired communication subsystems. For
example, wireless communication subsystems can include
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radio frequency receivers and transmitters and/or optical
(e.g., infrared) receivers and transmitters. As another
example, wired communication system can include a port
device, e.g., a Universal Serial Bus (USB) port or some other
wired port connection that can be used to establish a wired
connection to other computing devices, such as other com-
munication devices, network access devices, a personal
computer, a printer, a display screen, or other processing
devices capable of receiving or transmitting data.

[0295] The specific design and implementation of the
communication subsystem 2524 can depend on the commu-
nication network(s) or medium(s) over which the architec-
ture 2500 is intended to operate. For example, the architec-
ture 2500 can include wireless communication subsystems
designed to operate over a global system for mobile com-
munications (GSM) network, a GPRS network, an enhanced
data GSM environment (EDGE) network, 802.x communi-
cation networks (e.g., Wi-Fi, Wi-Max), code division mul-
tiple access (CDMA) networks, NFC and a Bluetooth™
network. The wireless communication subsystems can also
include hosting protocols such that the architecture 2500 can
be configured as a base station for other wireless devices. As
another example, the communication subsystems may allow
the architecture 2500 to synchronize with a host device
using one or more protocols, such as, for example, the
TCP/IP protocol, HTTP protocol, UDP protocol, and any
other known protocol.

[0296] An audio subsystem 2526 can be coupled to a
speaker 2528 and one or more microphones 2530 to facili-
tate voice-enabled functions, such as voice recognition,
voice replication, digital recording, and telephony functions.
[0297] An 1/O subsystem 2540 can include a touch con-
troller 2542 and/or other input controller(s) 2544. The touch
controller 2542 can be coupled to a touch surface 2546. The
touch surface 2546 and the touch controller 2542 can, for
example, detect contact and movement or break thereof
using any of a number of touch sensitivity technologies,
including but not limited to capacitive, resistive, infrared,
and surface acoustic wave technologies, as well as other
proximity sensor arrays or other elements for determining
one or more points of contact with the touch surface 2546.
In one implementation, the touch surface 2546 can display
virtual or soft buttons and a virtual keyboard, which can be
used as an input/output device by the user.

[0298] Other input controller(s) 2544 can be coupled to
other input/control devices 2548, such as one or more
buttons, rocker switches, thumb-wheel, infrared port, USB
port, and/or a pointer device such as a stylus. The one or
more buttons (not shown) can include an up/down button for
volume control of the speaker 2528 and/or the microphone
2530.

[0299] In some implementations, the architecture 2500
can present recorded audio and/or video files, such as MP3,
AAC, and MPEG video files. In some implementations, the
architecture 2500 can include the functionality of an MP3
player and may include a pin connector for tethering to other
devices. Other input/output and control devices may be
used.

[0300] A memory interface 2502 can be coupled to a
memory 2550. The memory 2550 can include high-speed
random access memory or non-volatile memory, such as one
or more magnetic disk storage devices, one or more optical
storage devices, or flash memory (e.g., NAND, NOR). The
memory 2550 can store an operating system 2552, such as
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Darwin, RTXC, LINUX, UNIX, OS X, WINDOWS, or an
embedded operating system such as VxWorks. The operat-
ing system 2552 can include instructions for handling basic
system services and for performing hardware dependent
tasks. In some implementations, the operating system 2552
can include a kernel (e.g., UNIX kernel).

[0301] The memory 2550 can also store communication
instructions 2554 to facilitate communicating with one or
more additional devices, one or more computers or servers,
including peer-to-peer communications. The communica-
tion instructions 2554 can also be used to select an opera-
tional mode or communication medium for use by the
device, based on a geographic location (obtained by the
GPS/Navigation instructions 2568) of the device. The
memory 2550 can include graphical user interface instruc-
tions 2556 to facilitate graphic user interface processing,
including a touch model for interpreting touch inputs and
gestures; sensor processing instructions 2558 to facilitate
sensor-related processing and functions; phone instructions
2560 to facilitate phone-related processes and functions;
electronic messaging instructions 2562 to facilitate elec-
tronic-messaging related processes and functions; web
browsing instructions 2564 to facilitate web browsing-re-
lated processes and functions; media processing instructions
2566 to facilitate media processing-related processes and
functions; GPS/Navigation instructions 2569 to facilitate
GPS and navigation-related processes; camera instructions
2570 to facilitate camera-related processes and functions;
and other instructions 2572 for performing some or all of the
processes described herein.

[0302] Each of the above identified instructions and appli-
cations can correspond to a set of instructions for performing
one or more functions described herein. These instructions
need not be implemented as separate software programs,
procedures, or modules. The memory 2550 can include
additional instructions or fewer instructions. Furthermore,
various functions of the device may be implemented in
hardware and/or in software, including in one or more signal
processing and/or application specific integrated circuits
(ASICs).

[0303] The features described may be implemented in
digital electronic circuitry or in computer hardware, firm-
ware, software, or in combinations of them. The features
may be implemented in a computer program product tangi-
bly embodied in an information carrier, e.g., in a machine-
readable storage device, for execution by a programmable
processor; and method steps may be performed by a pro-
grammable processor executing a program of instructions to
perform functions of the described implementations by
operating on input data and generating output.

[0304] The described features may be implemented
advantageously in one or more computer programs that are
executable on a programmable system including at least one
programmable processor coupled to receive data and
instructions from, and to transmit data and instructions to, a
data storage system, at least one input device, and at least
one output device. A computer program is a set of instruc-
tions that may be used, directly or indirectly, in a computer
to perform a certain activity or bring about a certain result.
A computer program may be written in any form of pro-
gramming language (e.g., Objective-C, Java), including
compiled or interpreted languages, and it may be deployed
in any form, including as a stand-alone program or as a
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module, component, subroutine, or other unit suitable for
use in a computing environment.

[0305] Suitable processors for the execution of a program
of instructions include, by way of example, both general and
special purpose microprocessors, and the sole processor or
one of multiple processors or cores, of any kind of computer.
Generally, a processor will receive instructions and data
from a read-only memory or a random access memory or
both. The essential elements of a computer are a processor
for executing instructions and one or more memories for
storing instructions and data. Generally, a computer may
communicate with mass storage devices for storing data
files. These mass storage devices may include magnetic
disks, such as internal hard disks and removable disks;
magneto-optical disks; and optical disks. Storage devices
suitable for tangibly embodying computer program instruc-
tions and data include all forms of non-volatile memory,
including by way of example semiconductor memory
devices, such as EPROM, EEPROM, and flash memory
devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM and
DVD-ROM disks. The processor and the memory may be
supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

[0306] To provide for interaction with a user the features
may be implemented on a computer having a display device
such as a CRT (cathode ray tube) or LCD (liquid crystal
display) monitor for displaying information to the author
and a keyboard and a pointing device such as a mouse or a
trackball by which the author may provide input to the
computer.

[0307] The features may be implemented in a computer
system that includes a back-end component, such as a data
server or that includes a middleware component, such as an
application server or an Internet server, or that includes a
front-end component, such as a client computer having a
graphical user interface or an Internet browser, or any
combination of them. The components of the system may be
connected by any form or medium of digital data commu-
nication such as a communication network. Examples of
communication networks include a LAN, a WAN and the
computers and networks forming the Internet.

[0308] The computer system may include clients and
servers. A client and server are generally remote from each
other and typically interact through a network. The relation-
ship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

[0309] One or more features or steps of the disclosed
embodiments may be implemented using an Application
Programming Interface (API). An API may define on or
more parameters that are passed between a calling applica-
tion and other software code (e.g., an operating system,
library routine, function) that provides a service, that pro-
vides data, or that performs an operation or a computation.

[0310] The API may be implemented as one or more calls
in program code that send or receive one or more parameters
through a parameter list or other structure based on a call
convention defined in an API specification document. A
parameter may be a constant, a key, a data structure, an
object, an object class, a variable, a data type, a pointer, an
array, a list, or another call. AP calls and parameters may be
implemented in any programming language. The program-
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ming language may define the vocabulary and calling con-
vention that a programmer will employ to access functions
supporting the API.

[0311] Insome implementations, an API call may report to
an application the capabilities of a device running the
application, such as input capability, output capability, pro-
cessing capability, power capability, communications capa-
bility, etc.

[0312] As described above, some aspects of the subject
matter of this specification include gathering and use of data
available from various sources to improve services a mobile
device can provide to a user. The present disclosure con-
templates that in some instances, this gathered data may
identify a particular location or an address based on device
usage. Such personal information data can include location-
based data, addresses, subscriber account identifiers, or
other identifying information.

[0313] The present disclosure further contemplates that
the entities responsible for the collection, analysis, disclo-
sure, transfer, storage, or other use of such personal infor-
mation data will comply with well-established privacy poli-
cies and/or privacy practices. In particular, such entities
should implement and consistently use privacy policies and
practices that are generally recognized as meeting or exceed-
ing industry or governmental requirements for maintaining
personal information data private and secure. For example,
personal information from users should be collected for
legitimate and reasonable uses of the entity and not shared
or sold outside of those legitimate uses. Further, such
collection should occur only after receiving the informed
consent of the users. Additionally, such entities would take
any needed steps for safeguarding and securing access to
such personal information data and ensuring that others with
access to the personal information data adhere to their
privacy policies and procedures. Further, such entities can
subject themselves to evaluation by third parties to certify
their adherence to widely accepted privacy policies and
practices.

[0314] In the case of advertisement delivery services, the
present disclosure also contemplates embodiments in which
users selectively block the use of, or access to, personal
information data. That is, the present disclosure contem-
plates that hardware and/or software elements can be pro-
vided to prevent or block access to such personal informa-
tion data. For example, in the case of advertisement delivery
services, the present technology can be configured to allow
users to select to “opt in” or “opt out” of participation in the
collection of personal information data during registration
for services.

[0315] Therefore, although the present disclosure broadly
covers use of personal information data to implement one or
more various disclosed embodiments, the present disclosure
also contemplates that the various embodiments can also be
implemented without the need for accessing such personal
information data. That is, the various embodiments of the
present technology are not rendered inoperable due to the
lack of all or a portion of such personal information data. For
example, content can be selected and delivered to users by
inferring preferences based on non-personal information
data or a bare minimum amount of personal information,
such as the content being requested by the device associated
with a user, other non-personal information available to the
content delivery services, or publicly available information.
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[0316] A number of implementations have been described.
Nevertheless, it will be understood that various modifica-
tions may be made. Elements of one or more implementa-
tions may be combined, deleted, modified, or supplemented
to form further implementations. As yet another example,
the logic flows depicted in the figures do not require the
particular order shown, or sequential order, to achieve
desirable results. In addition, other steps may be provided,
or steps may be eliminated, from the described flows, and
other components may be added to, or removed from, the
described systems. Accordingly, other implementations are
within the scope of the following claims.
What is claimed is:
1. A method comprising;
obtaining, by a mobile device, motion data indicating a
motion measured by a motion sensor over a time
period, wherein the sensor is worn by a user;

determining, by the mobile device, an impact experienced
by the user based on the motion data, the impact
occurring during a first interval of the time period;

determining, by the mobile device based on the motion
data, one or more first motion characteristics of the user
during a second interval of the time period, the second
interval occurring prior to the first interval,

determining, by the mobile device based on the motion
data, one or more second motion characteristics of the
user during a third interval of the time period, the third
interval occurring after the first interval;

determining, by the mobile device, that the user has fallen

based on the impact, the one or more first motion
characteristics of the user, and the one or more second
motion characteristics of the user; and

responsive to determining that the user has fallen, gener-

ating, by the mobile device, a notification indicating
that the user has fallen.

2. The method of claim 1, wherein determining the one or
more first motion characteristics comprises determining,
based on the motion data, that the user was walking during
the second interval.

3. The method of claim 1, wherein determining the one or
more first motion characteristics comprises determining,
based on the motion data, that the user was ascending or
descending stairs during the second interval.

4. The method of claim 1, wherein determining the one or
more first motion characteristics comprises determining,
based on the motion data, that the user was moving a body
part according to a flailing motion or a bracing motion
during the second interval.

5. The method of claim 1, wherein determining the one or
more second motion characteristics comprises determining,
based on the motion data, that the user was walking during
the third interval.

6. The method of claim 1, wherein determining the one or
more second motion characteristics comprises determining,
based on the motion data, that the user was standing during
the third interval.

7. The method of claim 1, wherein determining the one or
more second motion characteristics comprises determining,
based on the motion data, that an orientation of a body part
of the user changed N or more times during the third
interval.

8. The method of claim 1, wherein determining that the
user has fallen comprises:



US 2019/0103007 A1

determining, based on the motion data, that the impact is

greater than a first threshold value; and

determining, based on the motion data, that a motion of

the user was impaired during the third interval.

9. The method of claim 1, wherein determining that the
user has fallen comprises:

determining, based on the motion data, that the impact is

less than a first threshold value and greater than a
second threshold value;

determining, based on the motion data, that the user was

at least one of walking during the second interval,
ascending stairs during the second interval, or descend-
ing stairs during the second interval;
determining, based on the motion data, that the user was
moving a body part according to a flailing motion or a
bracing motion during the second interval; and

determining, based on the motion data, that a motion of
the user was impaired during the third interval.

10. The method of claim 1, wherein generating the
notification comprises presenting an indication that the user
has fallen on at least one of a display device or an audio
device of the mobile device.

11. The method of claim 1, wherein generating the noti-
fication comprises transmitting data to a communications
device remote from the mobile device, the data comprising
an indication that the user has fallen.

12. The method of claim 1, wherein determining that the
user has fallen comprises:

generating a statistical model based on one or more

sampled impacts, one or more sampled first motion
characteristics, and one or more sampled second
motion characteristics,

wherein the one or more sampled impacts, the one or

more sampled first motion characteristics, and the one
or more sampled second motion characteristics are
determined based on sample motion data, wherein the
sample motion data indicates a motion measured by
one or more additional motion sensors over one or
more additional time periods, wherein each additional
motion sensor is worn by a respective additional user.

13. The method of claim 12, wherein the statistical model
is a Bayesian statistical model.

14. The method of claim 12, wherein the one or more
sampled first motion characteristics comprises an indication
of a type of activity being performed by a particular addi-
tional user with respect to the sample motion data.

15. The method of claim 12, wherein the one or more
sampled first motion characteristics comprises an indication
of an activity level of a particular additional user with
respect to the sample motion data.

16. The method of claim 12, wherein the one or more
sampled first motion characteristics comprises an indication
of a walking speed of a particular additional user with
respect to the sample motion data.

17. The method of claim 1, wherein the method is
performed by a co-processor of the mobile device, and

wherein the co-processor is configured to the receive

motion data obtained from one or more motion sensors,
process the motion data, and provide the processed
motion data to one or more processors of the mobile
device.

18. The method of claim 1, wherein the mobile device
comprises the motion sensor.
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19. The method of claim 18, wherein the mobile device is
worn on an arm or a wrist of the user while the motion is
being measured by the motion sensor.

20. The method of claim 18, wherein the mobile device 1s
a wearable mobile device.

21. A method comprising:

obtaining, by a mobile device, a first signal indicating an

acceleration measured by an accelerometer over a time
period, and a second signal indicating an orientation
measured by an orientation sensor over the time period,
wherein the accelerometer and the orientation sensor
are physically coupled to a user;

determining, by the mobile device, rotation data indica-

tion an amount of rotation experienced by the user
during the time period;

determining, by the mobile device, that the user has

tumbled based on the rotation data; and

responsive to determining that the user has tumbled,

generating, by the mobile device, a notification indi-
cating that the user has tumbled.

22. The method of claim 21, wherein the rotation data
comprises a third signal indicating a rotation rate experi-
enced by the user during the period time.

23. The method of claim 22, wherein the rotation data
indicating an indication of one or more rotational axes of the
rotation in a reference coordinate system by the user during
the time period.

24. The method of claim 23, wherein the rotation data
comprises an indication of an average rotational axis of the
rotation by the user during the time period.

25. The method of claim 24, wherein determining that the
user has tumbled comprises:

determining a variation between the one or more rota-

tional axes of the rotation by the user during the time
period and the average rotational axis of the rotation by
the user during the time period.

26. The method of claim 25, wherein determining that the
user has tumbled comprises:

determining that the variation is less than a first threshold

value; and

responsive to determining that the variation is less than

the first threshold value, determining a fourth signal
corresponding to an angular displacement of the user
during the time period based on the third signal.

27. The method of claim 26, wherein determining the
fourth signal comprises integrating the third signal with
respect to the period of time.

28. The method of claim 26, wherein determining that the
user has tumbled comprises:

determining that the angular displacement of the user

during the period of time is greater than a second
threshold value;
determining that at least one of the one or more rotational
axes of the rotation by the user during the time period
is greater than a third threshold value; and

responsive to determining that the angular displacement
experienced of the user during the period of time is
greater than the second threshold value and determin-
ing that at least one of the one or more rotational axes
of the rotation by the user during the time period is
greater than the third threshold value, determining that
the user has tumbled.
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29. The method of claim 21, wherein generating the
notification comprises presenting an indication that the user
has tumbled on at least one of a display device or an audio
device of the mobile device.

30. The method of claim 21, wherein generating the
notification comprises transmitting data to a communica-
tions device remote from the mobile device, the data com-
prising an indication that the user has tumbled.

31. The method of claim 21, wherein the method is
performed by a co-processor of the mobile device, and

wherein the co-processor is configured to receive motion

data obtained from one or more sensors, process the
motion data, and provide the processed motion data to
one or more processors of the mobile device.

32. A method comprising:

obtaining, by a mobile device, motion data indicating a

motion measured by one or more motion sensors over
a first time period, wherein the one or more motion
sensors are worn by a user;

determining, by the mobile device, that the user has fallen

based on the motion data;

responsive to determining that the user has fallen, gener-

ating, by the mobile device, one or more notifications
indicating that the user has fallen.

33. The method of claim 32, wherein generating the one
or more notifications comprises:

presenting a first notification to the user indicating that the

user has fallen.

34. The method of claim 33, wherein the first notification
comprises at least one of a visual message, an audio mes-
sage, or a haptic message.

35. The method of claim 33, wherein generating the one
or more notifications comprises:

receiving, by the mobile device, an input from the user in

response to the first notification, the input indicating a
request for assistance by the user;

responsive to receiving the input, transmitting a second

notification indicating the request for assistance to a
comniunications device remote from the mobile device.

36. The method of ¢laim 35, wherein the communications
device is an emergency response system.

37. The method of claim 35, wherein the second notifi-
cation indicates a location of the mobile device.

38. The method of claim 33, wherein generating the one
or more notifications comprises:

determining, by the mobile device, an absence of move-

ment by the user during a second time period after the
user has fallen;

responsive to determining the absence of movement by

the user during the second time period, transmitting a
second notification indicating a request for assistance to
a communications device remote from the mobile
device.

39. The method of claim 33, wherein generating the one
or more notifications comprises:

determining, by the mobile device, that the user has

moved during a second time period after the user has
fallen;

responsive to determining that the user has moved during

the second time period, refraining from transmitting a
second notification indicating a request for assistance to
a communications device remote from the mobile
device.
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40. The method of claim 32, wherein the one or more
notifications are generated according to a state machine.

41. The method of claim 32, wherein the one or more
motion sensors comprise at least one of an accelerometer or
a gyroscope.

42. The method of claim 32, wherein the mobile device 1s
a wearable mobile device.

43. The method of claim 32, wherein determining that the
user has fallen comprises determining that the user experi-
enced an impact based on the motion data.

44. The method of claim 32, wherein determining that the
user has fallen comprises determining a behavior of the user
during the first time period.

45. A method comprising:

obtaining, by a mobile device, sample data generated by

a plurality of sensors over a time period, wherein the
plurality of sensors is worn by a user, and

wherein the sample data comprises motion data indicating

a motion of the user obtained from one or more motion

sensors of the plurality of sensors, and at least one of:

location data indicating a location of the mobile device
obtained from one or more location sensors of the
plurality of sensors,

altitude data indicating an altitude of the mobile device
obtained from one or more altitude sensors of the
plurality of sensors, or

heart rate data indicating a heart rate of the user
obtained from one or more heart rate sensor of the
plurality of sensors,

determining, by the mobile device, that the user has fallen

based on the sample data; and

responsive to determining that the user has fallen, gener-

ating, by the mobile device, one or more notifications
indicating that the user has fallen.

46. The method of claim 45, wherein the one or more
motion sensors comprise at least one of an accelerometer or
a gyroscope.

47. The method of claim 46, wherein obtaining the motion
data comprises:

obtaining acceleration data using the accelerometer dur-

ing a first time interval during the period of time,
wherein the gyroscope is disabled during the first time
interval;

determining, based on the accelerometer data obtained

during the first time interval, that a movement of a user
exceeded a threshold level during the first time interval,
and

responsive to determining that the movement of the user

exceeded the threshold level during the first time inter-
val, obtaining acceleration data using the accelerometer
and gyroscope data using the gyroscope during a sec-
ond time interval after the first time interval.

48. The method of claim 45, wherein the one or more
altitude sensors comprise at least one of an altimeter or a
barometer.

49. The method of claim 45, wherein the one or more
location sensors comprise at least one of a wireless trans-
ceiver or a global Navigation Satellite System receiver.

50. The method of claim 45, wherein determining that the
user has fallen comprises:

determining, based on the motion data, a change in

orientation of the mobile device during the period of
time, and
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determining that the user has fallen based on the change
in orientation.
51. The method of claim 45, wherein determining that the
user has fallen comprises:
determining, based on the motion data, an impact expe-
rienced by the user during the period of time, and
determining that the user has fallen based on the impact.
52. The method of claim 45, wherein determining that the
user has fallen comprises:
determining, based on the altitude data, a change in
altitude of the mobile device during the period of time,
and
determining that the user has fallen based on the change
in altitude.
53. The method of claim 45, wherein determining that the
user has fallen comprises:
determining, based on the heart rate data, a change in
heart rate of the user during the period of time, and
determining that the user has fallen based on the change
in heart rate.
54. The method of claim 53, wherein determining the
change in heart rate of the user during the period of time
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comprises determining a rate of decay of the heart rate of the
user during the period of time.

55. The method of claim 45, wherein determining that the
user has fallen comprises:

determining, based on the location data, an environmental

condition at the location of the mobile device, and
determining that the user has fallen based on the envi-
ronment conditional.

56. The method of claim 55, wherein the environmental
condition is weather.

57. The method of claim 45, where the mobile device
determines that the user has fallen based on the motion data,
the location data, the altitude data, and the heart rate data.

58. The method of claim 45, wherein the mobile device is
a wearable mobile device.

59. The method of claim 45, wherein generating the one
or more notifications comprises transmitting a notification to
a communications device remote from the mobile device.

60. The method of claim 59, wherein the communications
device is an emergency response system.
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