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(54) WEARABLE PERSONAL MONITORING DEVICES AND RELATED SYSTEMS

(57) A personal wearable monitoring device includ-
ing an SOS button, a processor and, operatively coupled
to the processor, an accelerometer, at least one RF
transmitter, the processor being programmed to activate
the at least one RF transmitter to transmit an alert mes-
sage in the event that either an SOS event s signalled via
the SOS button or signals received from the acceler-
ometer indicate a fall, wherein: the device is configured

to determine whether it is in range of a dedicated home
node, and if the device determines that it is out of range
the device is configured periodically to report its position
to a remote monitoring station using the at least one RF
transmitter; and the device being further configured to
adapt the periodicity of position reporting based on in-
formation from a step counting function.
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Description
Technical field

[0001] The present invention relates to wearable per-
sonal monitoring devices and to systems that work with or
support such devices.

Background

[0002] A 2022 report from the World Health Organisa-
tion (WHO) noted that: "People worldwide are living long-
er. Today most people can expect to live into their sixties
and beyond. Every country in the world is experiencing
growth in both the size and the proportion of older per-
sons in the population.

[0003] By 2030, 1in 6 people in the world will be aged
60 years or over. At this time the share of the population
aged 60 years and over will increase from 1 billionin 2020
to 1.4 billion. By 2050, the world’s population of people
aged 60 years and older will double (2.1 billion). The
number of persons aged 80 years or older is expected to
triple between 2020 and 2050 to reach 426 million.". In
Japan, 30% of the population is already over 60 years old.
In many countries long term declines in birth rates means
that a growing proportion of the population is elderly - a
trend known as "population ageing", placing an ever
increasing burden on the rest of society in terms of the
need for social care and support.

[0004] The result is that there is ever increasing de-
mand for equipment, systems, and services to support
elderly people. In particular, there is a need for equip-
ment, systems, and services to enable elderly people to
live independently safely for as long as possible - given
the everincreasing cost of sheltered accommodation and
the difficulties of staffing such facilities.

[0005] Against this background it is known to provide
personal alarms and monitoring systems (telecare), ty-
pically involving a personal alarm device which is worn
about the person, and which includes an SOS/alarm
button by means of which an elderly person can summon
assistance. Such devices may also include, or be worn in
combination with, a fall detector which may raise an alarm
or summon assistance automatically in the event that
someone wearing the device experiences a fall. Such
devices often come in the form of a large pendant that
hangs from a cord around the wearer’s neck, althoughitis
also known to provide a wrist-mounted device that may
be worn in the manner of a wristwatch and that may, for
convenience, also function as a watch.

[0006] One such known device is shown in Figure 1.
The device is in the form of a wristwatch with a strap-
mounted body having a face and hands to display the
time. The case carries an actuator (or pusher), in the form
of a push button. Operation of the actuator, typically
pushing it radially inwards, results in the device signalling
an SOS or alarm condition. This may involve simply using
an internal sounder that produces a loud audible alarm,
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but more typically results in the device transmitting wire-
lessly (typically over a relatively short range connection,
such as alow power 868MHz ISM channel, to an in-home
support unit that can then forward alarm messages to a
remote monitoring centre, typically over a broadband
connection) an alarm signal for reception at a remote
monitoring device or service. The actuator for signalling
an SOS only has a single function, to reduce the risk of
inadvertently signalling an SOS or alarm event. In order
to signal an alarm event, it may be necessary to keep the
actuator depressed for a second or more, to reduce the
risk of inadvertently signalling an SOS through an inad-
vertent brief activation of the SOS button. A crown wheel
may, as shown, be provided to enable the hands of the
watch display to be adjusted, and optionally other adjust-
ments and inputs made.

[0007] One of the design concerns with wearable SOS
devices is battery life. Apple Corporation’s Apple Watch
has a battery life of up to 18 hours, meaning thatitmustbe
recharged every day if it is to keep functioning, and the
watch must be removed from the wearer every day to
enable charging. A wearable SOS device would prefer-
ably have a much longer battery life - preferably of several
days or even as much as a week, so that occurrences of
"down time" when the device cannot be worn - and hence
cannot provide fall detection and SOS cover - can be
minimised. There is also the risk that the wearer of the
SOS device may neglect to charge the device, with
consequent risk of loss of all functionality. Consequently,
when designing a wearable SOS device, itis important to
design for low battery drain and long battery life while
providing functionality that supports monitoring of the
wearer. It will be appreciated that a "smartwatch" such
as the Apple Watch or the Samsung equivalent could be
used as in lieu of a dedicated SOS device, and as such it
would be helpful if SOS device functionality could be
provided while reducing battery drain sufficiently to re-
duce the need to charge the device so often.

[0008] There therefore exists a need for an improved
wearable device that supports monitoring of the wearer
while achieving extended battery life.

Summary

[0009] According to a first aspect there is provided a
personal wearable monitoring device including an SOS
button, a processor and, operatively coupled to the pro-
cessor, an accelerometer, atleast one RF transmitter, the
processor being programmed to activate the at least one
RF transmitter to transmit an alert message in the event
that either an SOS event is signalled via the SOS button
or signals received from the accelerometer indicate afall,
wherein the device is configured to determine whether it
is in range of a dedicated home node, and if the device
determines that it is out of range the device is configured
periodically to report its position to a remote monitoring
station using the at least one RF transmitter.

[0010] The device may be configured periodically to
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report its presence to a dedicated home node (which may
also be referred to as an in-home support unit) using the
at least one RF transmitter, preferably using a different
transmission mode (e.g. at least one of a different power,
frequency, modulation type, etc.) to that used to commu-
nicate with the remote monitoring station to provide a
short range communication mode that is receivable by
the home node but not by the remote monitoring station
[0011] Use of a low power communication may signifi-
cantly reduce drain of the device’s battery and may also
support compliance with power usage restrictions that
apply to some ISM (or equivalent) bands in some juris-
dictions. For example, using a transmitter transmitting
using a permissible ISM band, such as an 868 MHz
channel (or equivalent, as appropriate, outside Europe)
with a low power transmission mode.

[0012] The device may be configured to shut down its
at least one RF transmitter (e.g. transceiver) between
reporting instances, and may further be configured to
wait before shutting down its (e.g. all or some of its) at
least one RF transmitter, for a predetermined period after
each reporting instance, to receive a communication
from the remote monitoring station. Such a device may
further be configured to continue to power its (or one or
more of its) RF transmitter(s) upon receiving an appro-
priate request from the remote monitoring station.
[0013] Inany variant of the first aspect, the device may
be configured to provide a step count function, and
optionally periodically to report a step count, and such
a device may further be configured to adapt the periodi-
city of position reporting based on information from the
step counting function. Such a device may further be
configured to increase the frequency of position reporting
after a threshold number of steps have been counted.
[0014] According to a second aspect there is provided
a personal wearable monitoring device including an SOS
button, a processor and, operatively coupled to the pro-
cessor, an accelerometer, atleast one RF transmitter, the
processor being programmed to activate the at least one
RF transmitter to transmit an alert message in the event
that either an SOS event is signalled via the SOS button
or signals received from the accelerometer indicate afall,
wherein: the device is configured to determine whether it
is in range of a dedicated home node, and if the device
determines that it is out of range the device is configured
periodically to report its position to a remote monitoring
station using the at least one RF transmitter; and the
device being further configured to adapt the periodicity of
position reporting based on information from a step
counting function.

[0015] Inany variantofthe firstor second aspect, the at
least one RF transmitter may be a single transmitter that
can be configured (e.g. tuned and adapted) on the one
hand to provide short range communication (preferably
with low power consumption) for communication with an
in-home support unit, and on the other to provide long
range communication (also preferably with low power
consumption) for communication with a remote monitor-
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ing centre when out of range of the in-home support unit
(e.g. when away from home). Alternatively, and more
preferably, the at least one RF transmitter may be plural
transmitters (e.g. plural transceivers) to provide at least
the just-described functionality - for example one dedi-
cated transmitter (e.g. transceiver) to provide shortrange
communication (preferably with low power consumption)
for communication with an in-home support unit, at least
one other transmitter (e.g. transceiver) to provide long
range communication (also preferably with low power
consumption) for communication with a remote monitor-
ing centre when out of range of the in-home support unit
(e.g. when away from home), and optionally at least one
other transmitter (e.g. transceiver). In any variant of the
first or second aspect, the device may determine thatitis
"at home" by transmitting a short range signal (e.g. using
a transceiver that it uses to communicate with the in-
home support unit, e.g. a low power 868 MHz channel) to
"ping" the central unit: if the device receives an answer
from the in-home support unit the device determines that
it is "at home"

[0016] In any variant of the first or second aspect, the
device may be arranged to capture, and optionally store,
an audio clip in the event that the device detects afall orin
the event that an SOS event is reported via the SOS
button. Such a device may further be configured to
transmit the captured audio clip to the remote monitoring
station either: along with reporting a fall or an SOS event
to the remote monitoring station; or upon receiving a
request to transmit the audio clip. Such a device may
further be configured to capture a further sound clip upon
a request so to do received from the remote monitoring
station.

[0017] In any variant of the first or second aspect, the
device may further comprise a GNSS receiver (for ex-
ample in addition to the at least one transceivers pre-
viously mentioned), and the device may be configured to
shut down the GNSS for extended periods between
reporting instances. Such a device may further be con-
figured to determine device velocity (in particular a lateral
or non-vertical velocity) and to increase the rate of re-
porting position to the remote monitoring centre in the
event that the determined device velocity exceeds a
predetermined threshold.

[0018] In any variant of the first or second aspect, the
device may be configured to apply a fall detection algo-
rithm to identify fall events, and the device may have an
operating mode in which sensitivity of detecting fall
events is greater when the device is "athome" than when
the device is "away from home".

[0019] In any variant of the first or second aspect, the
device may have an operating mode in which it is con-
figured to detect Wi-Fi network identities and Wi-Fi net-
work signal strengths, but in which it is not configured to
transmit data in the form of Wi-Fi signals. Such a device
may have an operating mode in which it is configured to
determinethatitis ata home location based on stored Wi-
Fi network identities and Wi-Fi network signal strengths
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corresponding to the home location.

[0020] In any variant of the first or second aspect, the
device may be a wrist-worn device, and optionally may
comprise a timepiece.

[0021] In any variant of the first or second aspect, the
device may further comprise a haptic transducer, the
processor optionally being programmed to activate the
haptic transducer to provide user feedback in the event
that an SOS event is signalled.

[0022] Inany variantofthe first or second aspect, the at
least one RF transmitter may include a transmitter con-
figured to operate on a low power wide area cellular
network such as LTE Cat M and NB loT (e.g. for com-
munication with the remote monitoring centre).

[0023] Inany variantofthe firstor second aspect, the at
least one RF transmitter may include a transmitter con-
figured to operate on an unlicensed frequency band such
as an ISM band (e.g. for communication with the in-home
support unit).

[0024] In any variant of the first or second aspect, the
processor may be further programmed to transmit the
device location when signalling an SOS event.

[0025] In any variant of the first or second aspect, the
processor may be further programmed to provide feed-
back to the wearer (e.g. through the display in the face of
the watch) in the event that signals received from the
accelerometer indicate a fall, to enable the wearer to
cancel the alert message in the event that no intervention
or assistance is required.

[0026] In any variant of the first or second aspect, the
processor may be further programmed to provide feed-
back to the wearer (e.g. through a display in the face of
the watch, or through vibration or the like) on receiving
confirmation of successful delivery of an alert message.
[0027] In any variant of the first or second aspect, the
device may further comprise a microphone, the proces-
sor optionally being further programmed to: (i) record an
audio clip from the microphone, optionally in response to
an SOS event, and/or (ii) couple the microphone of the
device to a remote entity for verification and monitoring
(e.g. to enable an appropriate response to be provided).
[0028] In any variant of the first or second aspect, the
accelerometer may be a 3-axis accelerometer.

[0029] In any variant of the first or second aspect, the
monitoring device may also be a safety device.

[0030] According to third aspect there is provided a
security monitoring system for premises, the system
being of the kind that, in an armed state, is operable to
report security breaches, such as the opening of a door or
window, detected by a door/window sensor, to a remote
monitoring station, the system being configured to: re-
ceive alert messages from a device at the premises, the
device being according to any variant of the first or
second aspect; forward received alert messages to the
remote monitoring station; action any request received
from the remote monitoring station for access to a micro-
phone on the device by transmitting an appropriate in-
struction to the device; and thereafter forwarding to the
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remote monitoring station signals received from the de-
vice.

[0031] Inany variantofthe third aspect, the device may
be configured to function as a token to arm and to disarm
the security monitoring system.

[0032] According to a fourth aspect there is provided a
system comprising a device according to any variant of
the first or second aspect and a base station/home hub/-
central unit with which the device is capable of commu-
nicating using a short range RF communication mode.
[0033] The home hub may be a central unit for a
security monitoring system for premises.

[0034] Inany variantofthe fourth aspect, the home hub
may be configured to perform Wi-Fi sensing within the
premises, and further configured to perform at least one
of the following: use data from Wi-Fi sensing in conjunc-
tion with data from the device to confirm fall events
reported by the device; supply Wi-Fi sensing data to a
back end/monitoring station to enable the back end/-
monitoring station to confirm fall events reported by the
device.

[0035] Inany variantofthe fourth aspect, the home hub
may be configured, in response to receiving an alert sent
by the device, to push notifications to an associated user
device (carer’s device).

[0036] Inany variantofthe fourth aspect, the home hub
may be configured, in response to receiving an alert sent
by the device, to instruct the device to keep open a
communications channel (with the home hub).

[0037] Inany variantofthe fourth aspect, the home hub
may be configured, in response to receiving an alert sent
by the device, to instruct the device to send an audio
capture to the home hub.

[0038] Any variant of the fourth aspect may further
comprise a system backend or a remote monitoring sta-
tion. In such a system the home hub may be arranged to
forward to the device requests/commands received from
the system backend or a remote monitoring station. In
such a system the home hub may also be configured to
send notifications to the remote monitoring centre/sys-
tem back end. The system back end may be arranged to
push notifications, based on notification received from
the device, e.g. to a user WTRU device.

[0039] According to a fifth aspect there is provided a
method performed by a backend entity of a system that
provides personal monitoring services by means of a
wearable personal monitoring device, the method com-
prising:

a) receiving at the backend entity a notification from
the wearable personal monitoring device;

b) transmitting to the device a response to the noti-
fication, the response including at least one of:

i) a request to maintain a transceiver of the
device in a condition ready to receive further
instructions or a further request;

i) a request to provide an audio clip (to provide
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context for the notification) captured by the de-
vice;

iii) a request to report the location of the device;
iv) an acknowledgement of the notification. Pre-
ferably the response includes at least one of
items (i) - (iii) whether or not it also includes item

(iv).

[0040] In a method according to the fifth aspect the
notification received from the monitoring device may
signify an SOS event or a fall.

[0041] In a method according to the fifth aspect the
notification received from the monitoring device may
include location information or information enabling the
location of the device to be determined. The notification
may include information indicating that the monitoring
device is away from a home location of the device.
[0042] In any method according to the fifth aspect the
notification may include an audio clip captured by the
device.

[0043] In any method according to the fifth aspect the
notification may include a report of a step count deter-
mined by the device

[0044] Any method according to the fifth aspect may
further comprise causing transmission of a carer/user
notification to a user device, content of the carer/user
notification depending upon the type or content of the
notification received from the monitoring device, for ex-
ample from the backend entity or from another entity
upon request by the backend entity or by the system that
provides personal monitoring services.

[0045] In any variant of the first or second aspect, the
SOS button may include a visual indicator to indicate the
extent to which the button needs to be depressed to
signal an SOS event.

[0046] Any variant of the first or second aspect may
further comprise a push button crown element, the crown
element having a configuration including at least one
selected from:

(i) a push-button mushroom configuration;

(ii) a push button peripheral surface that is neither
knurled nor ridged. By avoiding a knurled or ridged
periphery to the crown element, users are less likely
to be misled into assuming that the crown is a rotary
input device, thereby avoiding creating frustration
and stress in a user who may already be in an
anxious condition due to the need to use the SOS
device to summon help.

[0047] In any variant, the front face of the device may
be configured as a watch face to display the time using at
least a pair of hands.

[0048] In any variant, devices may have a mechanical
drive for watch hands, optionally including a stepper
motor. Optionally the face of the device may further
comprise an optoelectronic display arrangement. Alter-
natively, watch hands could be displayed on an optoe-
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lectronic display arrangement.

[0049] Inany variant, the SOS button may be arranged
to activate a mechanical switch or an electronic switch.
An electronic switch may have a total travel of less than
half a millimetre, yetit may improve the ergonomics of the
device if the SOS button requires longer travel (perhaps
twice the travel of the switch, for example 1 to 1.2mm) in
order to enter an SOS alert.

[0050] In any variant, when the SOS button is acti-
vated, the user may be given an option to cancel - for
example by holding on top of the "crystal" over the dis-
play.

[0051] Inany variant, the device may be configured to
activate the display to provide visual feedback/an-
nouncement of detected activation of the SOS switch,
orthe cancellation of an alert. Additionally or alternatively,
the device may provide a haptic feedback signal (e.g. in
the form of a vibration or buzz).

[0052] Broadly speaking, according to a sixth aspect
there is provided a personal wearable monitoring device
including an SOS button, a processor and, operatively
coupled to the processor, an accelerometer, at least one
RF transmitter, the processor being programmed to acti-
vate the at least one RF transmitter to transmit an alert
message in the event that either an SOS event is sig-
nalled via the SOS button or signals received from the
accelerometer indicate a fall, wherein the device is con-
figured to determine whether it is in range of a dedicated
home node, and to switch between (i) a first operating
mode when the device is in range; and (ii) a second
operating mode when the device is out of range.
[0053] Insome examples, the first and second operat-
ing modes may include at least some functionality in
common, but with different parameters.

[0054] For example, the first and second operating
modes may both comprise detecting occurrence of falls,
but with different sensitivities of fall detection. In the first
operating mode, the sensitivity of fall detection may be
higher than in the second operating mode. This may be
especially useful when the home node is configured to
directly or indirectly detect or infer fall detection by other
means, such as by radio-signal based fall detection, or by
processing one or more images from one or more cam-
eras. The home node may verify falls detected by the
wearable device, thereby reducing the risk of false posi-
tive alarms, even though the wearable device is more
sensitive to falls in the first operating mode than in the
second operating mode.

[0055] Additionally or alternatively, at least the second
operating mode may comprise the device periodically
reporting its position to a remote monitoring station using
the at least one RF transmitter, as explained earlier. The
first operating mode may optionally comprise not report-
ing position, or reporting position less frequently than in
the second operating mode.

[0056] Additionally or alternatively, the first operating
mode may comprise transmitting commands for control-
ling the activation state of an alarm and/or an electro-
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nically controlled lock at a premises.

[0057] Broadly speaking, according to a seventh as-
pect there is provided a method of operating a personal
wearable monitoring device that includes an SOS button,
aprocessor and, operatively coupled to the processor, an
accelerometer, and at least one RF transmitter, the meth-
od comprising: activating the at least one RF transmitter
to transmit an alert message in the event that either an
SOS event is signalled via the SOS button or signals
received from the accelerometer indicate a fall;
determining whether the device is in range of a dedicated
home node; and switching between

(i) a first operating mode when the device is in range;
and

(i) a second operating mode when the device is out
of range.

[0058] Insome examples, the first and second operat-
ing modes may include at least some functionality in
common, but with different parameters.

[0059] For example, the first and second operating
modes may both comprise detecting occurrence of falls,
but with different sensitivities of fall detection. In the first
operating mode, the sensitivity of fall detection may be
higher than in the second operating mode. This may be
especially useful when the home node is configured to
directly or indirectly detect or infer fall detection by other
means, such as by radio-signal based fall detection, or by
processing one or more images from one or more cam-
eras. The home node may verify falls detected by the
wearable device, thereby reducing the risk of false posi-
tive alarms, even though the wearable device is more
sensitive to falls in the first operating mode than in the
second operating mode.

[0060] Additionally or alternatively, at least the second
operating mode may comprise the device periodically
reporting its position to a remote monitoring station using
the at least one RF transmitter, as explained earlier. The
first operating mode may optionally comprise not report-
ing position, or reporting position less frequently than in
the second operating mode.

[0061] Additionally or alternatively, the first operating
mode may comprise transmitting commands for control-
ling the activation state of an alarm and/or an electro-
nically controlled lock at a premises.

[0062] Broadly speaking, according to an eighth as-
pect there is provided a security monitoring system for
premises, the system being of the kind that, in an armed
state, is operable to report security breaches, such as the
opening of a door or window, detected by a door/window
sensor, to a remote monitoring station, the system being
configured to:

receive alert messages from a device at the pre-
mises, the device being according to any variant of
the sixth aspect;

forward received alert messages to the remote mon-
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itoring station;
action any requests received from the remote mon-
itoring station.

[0063] Insome examples, the first and second operat-
ing modes may include at least some functionality in
common, but with different parameters.

[0064] For example, the first and second operating
modes may both comprise detecting occurrence of falls,
but with different sensitivities of fall detection. In the first
operating mode, the sensitivity of fall detection may be
higher than in the second operating mode. This may be
especially useful when the home node is configured to
directly or indirectly detect or infer fall detection by other
means, such as by radio-signal based fall detection, or by
processing one or more images from one or more cam-
eras. The home node may verify falls detected by the
wearable device, thereby reducing the risk of false posi-
tive alarms, even though the wearable device is more
sensitive to falls in the first operating mode than in the
second operating mode.

[0065] Additionally or alternatively, at least the second
operating mode may comprise the device periodically
reporting its position to a remote monitoring station using
the at least one RF transmitter, as explained earlier. The
first operating mode may optionally comprise not report-
ing position, or reporting position less frequently than in
the second operating mode.

[0066] Additionally or alternatively, the first operating
mode may comprise transmitting commands for control-
ling the activation state of an alarm and/or an electro-
nically controlled lock at a premises.

Brief description of the Figures

[0067] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying Figures, in which:

Figure 1 is a schematic plan view illustrating a wrist-
worn monitoring device according to aspects of the
invention;

Figure 2ais a schematic plan view illustrating a wrist-
worn monitoring device according to aspects of the
invention;

Figures 2b to 2e are perspective views from different
directions of an exemplary device of the type shown
schematically in Figure 2a;

Figure 3 is a schematic showing the main functional
units that constitute an SOS device according to
aspects of the invention;

Figure 4 illustrates schematically systems according
to aspects of the invention.

Specific description

[0068] Figure 1isaschematic plan view of a wrist-worn
monitoring or SOS device 100 according to aspects of the
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invention. The device includes a case 102, typically of
metal or of an engineering plastic, having a display 104,
here in the form of a watch face including hands, although
watch functionality is optional. The hands, if present, are
preferably physical elements coupled to a drive mechan-
ism (for example one including a stepper motor), but in
other embodiments the hands, if provided, may be "vir-
tual" and provided instead by display technology such as
AMOLED (active-matrix organic light emitting diode),
liquid crystal (optionally TFT LCD, or transreflective).
[0069] The case 102 may also include features 103
and 103’ by means of which the case can be secured to a
strap, bracelet, or band. The strap, bracelet, or band may
be demountable (as here), or may be formed integrally
with the case 102. The strap, wrist band or bracelet may
provide a convenientlocation for one or more antennas of
the device 100, with the or each antenna being electri-
cally coupled to a respective transmitter and/or receiver
(optionally in the form of a transceiver). Different sizes of
strap, wrist band, or bracelet may be provided to enable
the device to be adapted to wearers having wrists of
different circumferences (more generally, sizes). It may
also be appropriate to provide more than one size of
device to suit people of different builds.

[0070] The display 104 may include hands 106 to in-
dicate the time. A crown or crown wheel 108 may be
provided, e.g. at the 3 o’clock position, to enable the
hands 106 to be adjusted to reset the watch to display
the correct time. In order to adjust the position of the
hands, the crown 108 may need to be pulled away from
the rest position shown (e.g. in this case to the right), and
thereafter the crown 108 may be rotated to adjust the
setting of the hands. In some cases, the crown 108 may
have at least two withdrawn positions away from the rest
position, one for each of the hour and minute hands 106.
In the example shown, the hands are physical elements
coupled to a drive mechanism. As such, the crown ele-
ment 108 could be configured as a means to perform
adjustment of the position of the hands, e.g., to correct for
any discrepancy in the time displayed, butin the example
shown the crown acts simply as a push button and does
not rotate. The position (setting) of the watch hands (if
provided) may be adjusted using an associated app, for
example installed on a user device such as a smart-
phone. The crown element 108, which may be non-rotary,
may be used to adjust device settings and/or to select
between options.

[0071] On the opposite side, at the 9 o’clock position,
an SOS button 101 is provided. This may be a push
button that needs to be depressed (pushed radially in-
wards) to activate the device’s SOS function. In the event
that physical hands driven by a drive mechanism are
used, the face 104 of the device 100 may include an inset
display portion 109 which may be used to provide user
feedback (e.g., of the activation of the SOS button 110,
the transmission of an SOS message, or of the option
selected using the crown), incoming messages - such as
from an alarm monitoring station, selectable options, etc.
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[0072] The case 102 includes a front face 102a (e.g.
facing away from the user’s skin surface), a rear face
102b (e.g. facing towards the skin surface of the user),
and a peripheral wall 102c extending between the front
and rear faces.

[0073] The crown element 108 may have a configura-
tion including at least one selected from: a push-button
mushroom configuration; and a push button peripheral
surface that is neither knurled nor ridged. A mushroom
configuration is used herein to mean that the crown itself,
or its mounting, includes a neck region between the
watch case and the outer region of the crown.

[0074] Devices according to aspects of the invention
may include a capacitive "touch" sensor, for example
behind the face of the device, to enable user input by
"touch". For example, the device may be configured (e.g.
the processor suitably programmed) to accept a user
putting a thumb, finger, or fingers over the "glass" over
the face, as an input - such as an input to cancel an SOS
alert or to indicate that no intervention is required follow-
ing a fall.

[0075] Figure 2a is a corresponding schematic plan
view of another wrist-worn monitoring or SOS device 200
according to aspects of the invention. Again, the device
200 comprises a case 202, typically of metal or of an
engineering plastic, having a display 204, here in the form
of a watch face including hands (not shown explicitly),
although watch functionality is optional. The hands, if
present, are preferably physical elements coupled to a
drive mechanism (for example one including a stepper
motor), but in other embodiments the hands, if provided,
may be "virtual" and provided instead by display technol-
ogy such as AMOLED (active-matrix organic light emit-
ting diode), liquid crystal (optionally TFT LCD, or transre-
flective). In the example shown, the hands are physical
elements coupled to a drive mechanism. As such, a
crown element 208 could be configured as a means to
perform adjustment of the position of the hands, e.g., to
correct for any discrepancy in the time displayed, but in
the example shown the crown acts simply as a push
button and does not rotate. The position (setting) of the
watch hands (if provided) may be adjusted using an
associated app, for example installed on a user device
such as a smartphone. A crown element 208, which may
be non-rotary, may be used to adjust device settings
and/or to select between options.

[0076] In the event that physical hands driven by a
drive mechanism are used, the face 204 of the device
200 may include an inset display portion 209 which may
be usedto provide user feedback (e.g., of the activation of
the SOS button 210, the transmission of an SOS mes-
sage, or of the option selected using the crown), incoming
messages - such as from an alarm monitoring station,
selectable options, etc.

[0077] The case 202 includes a front face 202a (e.g.
facing away from the skin surface), a rear face 202b (e.g.
facing towards the skin surface), and a peripheral wall
202c extending between the front and rear faces.
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[0078] As with the device 100, device 200 may include
features 203 and 203’ by means of which the case 202
can be secured to a strap, wrist band, or bracelet. The
strap, wrist band or bracelet may be demountable, or may
be formed integrally with the case 202. The strap, wrist
band or bracelet provides a convenientlocation for one or
more antennas of the device 200, the or each antenna
being electrically coupled to a respective transmitter
and/or receiver (optionally in the form of a transceiver).
Different sizes of strap, wrist band, or bracelet may be
provided to enable the device to be adapted to wearers
having wrists of different circumferences (more gener-
ally, sizes). It may also be appropriate to provide more
than one size of device to suit people of different builds.
[0079] A guard structure 214 may be provided for
shielding, in a direction dependent manner, the SOS
button 210 protruding from the peripheral wall. Details
of the guard structure are shown in Figures 2b to 2e.
[0080] The guard structure 214 may include the fea-
tures labelled 212, one either side of the SOS button 210,
to protect the SOS button. These features 212, which can
be considered to be flanges or fairings, are intended to
reduce the incidence of false alarms by making uninten-
tional depression of the SOS button less likely, are ar-
ranged one on either side of the SOS button 210. The
fairings may be configured with a height (depth into the
figure in Figure 2) that is the same as, slightly more than
or slightly less than the corresponding height of the SOS
button 210. The sides of the SOS button that lie adjacent
to the fairings 212 may be parallel or substantially parallel
with one another. The inner faces of the pair of flanges
212 may abut against respective side faces of the SOS
button 210.

[0081] The opposed inner faces of the fairings, be-
tween which the SOS button is received, may be sepa-
rated by, for example, between 9 and 15 millimetres, for
example between 10 and 13mm.

[0082] Preferably, the guard structure substantially
conceals sides of the SOS button on at least first and
second opposite sides with respect to the peripheral wall.
[0083] Preferably, the guard structure includes a pair of
lateral flanges, one to either side of the SOS button for
shielding side faces the SOS button that protrude from
the peripheral wall, optionally substantially the entirety of
the side faces of the SOS button that protrude from the
peripheral wall.

[0084] Thus, the guard structure may include a pair of
lateral flanges 212, one to either side of the SOS button
210 for shielding side faces the SOS button 210 that
protrude from the peripheral wall, optionally substantially
the entirety of the side faces of the SOS button 210 that
protrude from the peripheral wall.

[0085] Additionally or alternatively to the lateral flanges
212, the guard structure can further comprise an element
(floor) 216 that extends to the rear (e.g. beneath when
viewed from above as in Figure 2) the SOS button 210.
Where both the flanges 212 and the floor 216 are pro-
vided, they may cooperate to provide an enhanced guard

10

15

20

25

30

35

40

45

50

55

structure 214 that largely protects the button from inad-
vertent activation. Thus, the guard structure 214 may
include a floor 216 extending between the lateral flanges
212 to the rear of the SOS button, the guard structure
shielding on three sides substantially the entire length of
that part of the SOS button that protrudes from the
peripheral wall.

[0086] The lateral flanges 212 and the floor 216 may
each extend outwards from the peripheral wall to sub-
stantially the same extent.

[0087] The guard structure 214 may be fixed with
respect to the peripheral wall. The pair of fairings 212
and the floor may be formed integrally to form a robust
structure that largely surrounds three sides of the SOS
button 210. Together, the fairings 212 and the floor co-
operate to leave the SOS button 210 accessible but not
exposed. Preferably, the guard structure shields the SOS
button 210 to the rear, without shielding, or shielding to a
lesser extent, the SOS button 210 at the front. Preferably,
the guard structure substantially conceals the SOS but-
ton 210 at least to the rear.

[0088] Preferably, the guard structure 214 includes the
floor 216 extending adjacent to the rear of the SOS button
210 for shielding a rear of the SOS button 210 that
protrudes from the peripheral wall, optionally substan-
tially the entirety of the rear of the SOS button 210 that
protrudes from the peripheral wall.

[0089] Optionally, the guard structure is formed inte-
grally with the peripheral wall.

[0090] The SOS button includes a visual indicator (re-
presented by black line 218 in Fig. 2) to indicate at least
partly an extent to which the button needs to be de-
pressed to signal an SOS event. Here the indicator is
provided as a band that contrasts visibly with respect to
the rest of the SOS button - the contrast may be in colour,
for example a red band on a black, white, silver, or gold
button. Or, the contrast may be in hue or brightness with
respect to the rest of the button. The visual indicator may
be provided at the root or base of the button - so that
signalling of an SOS event involves depressing the SOS
button sufficiently to conceal at least a portion, optionally
a majority and optionally all, of the visual indicator.
[0091] The crown element 208 may have a configura-
tion including at least one selected from: a push-button
mushroom configuration; and a push button peripheral
surface that is neither knurled nor ridged. A mushroom
configuration is used herein to mean that the crown itself,
or its mounting, includes a neck region between the
watch case and the outer region of the crown. SOS
devices according to aspects of the invention may in-
clude a capacitive "touch" sensor, for example behind the
face of the device, to enable user input by "touch". For
example, the device may be configured (e.g. the proces-
sor suitably programmed) to accept a user putting a
thumb, finger, or fingers over the "glass" over the face,
as an input - such as an input to cancel an SOS alert or to
indicate that no intervention is required following a fall.
[0092] Figure 3 is a schematic showing the main func-
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tional units that may constitute a device 300 (which may
be in the form shown in Figure 1 or 2, or in another form)
according to aspects of the invention. At the heart of the
device is a processor 302, which may for example be a
micro-controller (MCU), to which the other functional
units are operatively coupled. The processor is sup-
ported by a memory 303 (although if the processor is
an MCU, the memory may be internal to the MCU). The
processor 302 and other electronics of the device 300 are
powered by a rechargeable battery arrangement 304.
The device 300 may also include a charging arrangement
305, coupled to the battery 304, to enable the battery to
be charged without removal from the device 300, e.g. via
inductive charging or via suitable located electrical con-
tacts by means of which the device may be coupled to an
external charging arrangement.

[0093] Adisplay module 306 may comprise, as shown,
an electronic display component 307 such as the unit
109/209 of Figure 1/2, and a mechanical display arrange-
ment 308 which may include a mechanical drive mechan-
ism, such as a stepper motor, coupled to hands of awatch
display. But in other embodiments the mechanical dis-
play arrangement 308 may be dispensed with, so thatthe
display module 306 may comprise just an electronic
display component (or more than one such component):
for example, the whole of the face (e.g., 104/204) of a
monitoring device may be in the form of a display based
on appropriate display technology (e.g., AMOLED or
liquid crystal). An RF module 310 includes one or more
RF transmitters and receivers 312, 314, which may be in
the form of transceivers, to cover one or more wavelength
band and communication protocol - for example to cover
SOS communication outdoors (where the in-home sup-
port unit may not be accessible) using a long-range
protocol such a Sigfox or LoRaWAN (both low power,
long range WANS). In particular it is desirable to include
hardware/functionality (e.g. ,an appropriate transceiver)
to support LTE Cat M and/or NB-loT (NarrowBand-Inter-
net of Things) which are both cellular communication
protocols, using (3GPP) licensed frequency spectrum,
with potential ranges of up to 10km - at least for the
modest bandwidths required to signal an SOS message.
If there is more than one RF transceiver, these may be
separate devices operable simultaneously. The RF mod-
ule may optionally include a transceiver capable of sup-
porting Wi-Fi, although in general the high power con-
sumption of Wi-Fi makes it less attractive as a commu-
nication mode. But one attractive feature of Wi-Fi is the
fact that base stations transmit the Wi-Fi network’s SSID,
and hence by providing the device with the capability to
receive Wi-Fi signals and read SSIDs the device may be
able to determine its location - or at least the fact that the
Wi-Fi landscape corresponds to a known environment
(e.g. when the device is "at home" it sees a particular
combination of SSIDs from the home AP and from APs in
neighbouring premises). In this way, the device may be
able to determine that it is "at home" just by considering
which SSIDs can be seen, and possibly by considering
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their (relative) signal strengths (RSSI). This behaviour
does not require that we provide a fully functioning Wi-Fi
transceiver, or that any fully functioning Wi-Fi transceiver
actually be used to transmit (thus we may avoid the
significant battery drain that may come with transmitting
Wi-Fi signals).

[0094] The RF module 310 may be coupled to one or
more appropriate RF antennas 316, and one or more of
these antennas may be located in the strap or wrist band,
rather than in the case of the device, in order to optimise
antenna performance and hence range/transmission
speed. An accelerometer 318, which may be a 3-axis
device (although simpler devices, such as 2-axis accel-
erometers, may be used), may be provided for fall/shock
detection. By using a 3-axis accelerometer, detection of
falls (during which acceleration due to gravity may fall to
near zero on an axis that was previously detecting an
acceleration of 9.8 m/s2). The device 300 may also in-
clude a gyroscope 319 to provide information on turns
(changes of direction) and rotational movement. Such
information may be used by the processor 302, in con-
junction with information from the accelerometer (such as
information on step count, and on ascents and/or des-
cents) to determine whether the device is still at home
(i.e. within the confines of a known home, residence, or
premises- which may include a garden, or close to the
periphery of the property - as the shortrange signals used
by the central unit or base station are likely to propagate
beyond the strict confines of the property or premises, for
example into the street). The device may be configured to
learn characteristics of the wearer’'s movements and also
to deduce characteristics of movement that represent
activity at home and that that represent leaving home
(indicating that the device is no longer "at home"). For
example, the device may learn that the dimensions of the
home are such that journeys with more than a certain
number of steps (e.g. 20, 25, 30) without a change of
direction are not possible within the confines of the home,
or that descending or ascending stairs is indicative of
leaving the home. This approach can be used to trigger
the activation of the navigation module, either when it is
determined that the device is no longer "at home" or after
a certain threshold number of steps or after a certain
delay. The device may be configured to wake the RF
transceiver used for communication with a home base
station or central unit (support unit), and to "ping" the base
station to see whether a reply is received from the base
station. The absence of areply may be taken as evidence
that the device is no longer "at home" - and this determi-
nation may be used as a trigger for the device to activate a
navigation module 328. Having activated the navigation
module 328, the device may be configured to determine
its location and to report this to a remote monitoring
station, as will be described later.

[0095] The processor preferably has at least one op-
erating mode in which, in the event that signals from the
accelerometer indicate a fall, the device transmits a "fall
alert" signal to the remote monitoring function. The pro-
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cessor is preferably programmed to distinguish between
"hard" falls (indicative of sudden impact, possibly against
an unyielding surface) and "soft" falls (indicative of lesser
impacts with less abrupt transitions, possibly through
falling onto a yielding surface such as a bed or uphol-
stered furniture, and/or a fall that is broken by interaction
with something on the way down). The processor may
operate according to an algorithm that only reacts to
"hard" falls. In the case of soft falls, the wearer may
use the SOS button to summon assistance if required.
In response to receiving such a fall alert, the remote
monitoring function (or personnel therein, or a relative
or carer if the alert is sent to a relevant smartphone or
other WTRU user device) may send a signal to the device
300 to cause the processor 302 to open an audio channel
to a microphone 320 in an audio module 322. In this way,
the remote monitoring function may be able to verify what
has happened ("audio verification") and therefore deter-
mine how best to respond. If intervention appears to be
required, the remote monitoring function may contact
emergency/support services, or relatives/friends of the
device wearer - and optionally send a message for dis-
play on the device to indicate that help is on its way.
[0096] The processor 302 may be further programmed
to record an audio clip from the microphone 320, option-
ally in response to an SOS event or fall, and/or couple the
microphone 320 of the device to a remote entity for
verification and monitoring (e.g. to enable an appropriate
response to be provided). Audio clips may be up to, for
example 10 seconds, but may be only a few seconds, say
2 to 4 seconds. Captured audio clips may be stored on
memory 303. Captured audio clips may be uploaded to a
home node (e.g. central unit), using a short range com-
munication mode, from where they may be reported to a
remote monitoring station, or may be reported, for ex-
ample using LTE, directly to the remote monitoring sta-
tion.

[0097] The audio module 322 includes at least the
microphone 320, but may also include a loudspeaker
324 to enable bi-directional (duplex) audio communica-
tion - for example with the remote monitoring function. An
SOS sensing module 326 may include a (mechanical)
microswitch, or electronic sensor operated on by the SOS
actuator, e.g. SOS button 110, for signalling an SOS
condition.

[0098] The accelerometer may also be used to provide
a step counting function, and the processor may be ar-
ranged (programmed) to cause the current step count to
be displayed on the face of the watch and/or reported to
relatives/friends who have an appropriate app so that
they may intervene (or at least enquire and offer encour-
agement) in the event that a daily or weekly step targetis
not reached, or in the event that a usually active wearer
suddenly or gradually becomes inactive or markedly less
active.

[0099] The device 300 may include a navigation mod-
ule 328, which may be a GNSS module with associated
antenna(s), e.g. a GPS module. In some embodiments
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the navigation module may instead function based on
tracking technology, that is emitting (when the tracking
functionality is enabled) a low power signal (such as a
Bluetooth 5.0 low energy signal, or similar) which may be
tracked through communication via nearby Bluetooth
enabled devices (or equivalent). When the navigation
module operates solely as a tracking device, the device
300 will not itself be aware of its own location (unless the
location is reported back to it, as may happen during
communication exchanges with the support unit (e.g.
central unit) or with a system back end), but the location
can be tracked by, for example, a system back end or a
user device (suchas aWTRU device, e.g. smartphone, of
a relative or friend of the wearer of the device).

[0100] A haptic transducer 330 may be provided, for
example so that the wearer may be provided with haptic
feedback in the event that the SOS button is activated or
in the event that an SOS event has successfully been
signalled to a remote monitoring entity.

[0101] The device 300 may also include a pulse detec-
tion arrangement 332, for example one based on photo-
plethysmography, the device being provided for example
with a source of green light that emits through the back
face of the device, and an appropriate sensor, also in the
back face of the device, to detect light reflected from
blood cells in blood vessels of the wearer. Signal proces-
sing to determine a wearer’s heartrate, and possibly to
detect anomalous heart rhythms, may be performed by
the main processor 302 of the device 300, or the pulse
detection arrangement 332 may include a dedicated
processor or MCU.

[0102] The device 300 may also include an arrange-
ment 334 to determine the oxygen saturation of the
wearer of the device 300, for example using pulse oxi-
metry. This arrangement 334 may use a pair of optical
source that emit infrared and red (visible) light, and an
appropriate sensing arrangement (all typically mounted
in the back face of the device) to detect the amount of red
and infrared light absorbed, the difference between the
infrared and red light absorption providing a measure of
the oxygen saturation of the blood of the wearer of the
device 300. Again, the control of the light sources and the
relevant calculations may be performed by the main
processor 302, or the arrangement 334 may include a
dedicated processor or MCU.

[0103] Figure 4 shows a person 401 wearing an auton-
omously powered SOS device 400 (which may be in the
form of device 100 of Figure 1, or of device 200 of Figure
2, or of some other form, and preferably includes all or
most of the features and functionality described with
reference to Figure 3) on a wrist. The SOS device 400
includes a transceiver arrangement that within the home
403 may communicate with a central unit or base station
404, for example using a relatively low power channel in
an assigned ISM frequency band (such as an 868MHz
band). The central unit 404 may store contact details for
one or more people/organisations to be contacted in the
event of a fall or SOS alert is triggered within the home,
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the central unit potentially using a cellular, wired tele-
phony, or cabled broadband connection to signal an alert,
possibly including a pre-recorded message, in respect of
the particular SOS device (which s likely to be associated
with a particular individual, so that that person’s name or
the ID of the SOS device are in effect synonymous), so
that someone can be summoned to the premises to
render aid/assistance to the person who has fallen or
raised the SOS alert. Additionally or alternatively, the
central unit 404 may be arranged to co-operate with a
dedicated remote monitoring station 406 that potentially
serves many SOS devices. Such a dedicated remote
monitoring station 406 may also provide support for
SOS devices that are arranged to report alerts (whether
falls or SOS events) while out of range of the central unit
404. To this end, the SOS device preferably includes at
least one RF transmitter configured to operate on a low
power wide area cellular (e.g. 3GPP) network such as
LTE CatMand NB |oT, or equivalents, and/or atleastone
RF transmitter configured to operate on alow power wide
area network (LPWAN) that uses unlicensed frequency
spectrum - such as Sigfox or LoraWAN.

[0104] The central unit 404 may also serve as the
central unit/controller of a security monitoring system
of the kind that, in an armed state, is operable to report
security breaches (such as the opening of a door or
window, detected by a door/window sensor) to a remote
monitoring station 406, typically over a broadband con-
nection to the internet 408, or via a wireless connection
412. The security monitoring station 406 may support
many such security monitoring installations. The same or
adifferent monitoring centre may be used to monitor SOS
alerts, fall alerts, etc., from the SOS device 400. The
security monitoring installation may include not just one
or more sensors for detecting the opening of doors or
windows, but may also include one or cameras such as
video camera 409 which the remote monitoring station
406 may be able to turn on, via the central unit, so that
video or stillimages may be sent to the remote monitoring
station for review after an incident alert.

[0105] The figure illustrates a security monitoring sys-
tem for premises, the system being of the kind that, in an
armed state, is operable to report security breaches,
such as the opening of a door or window, detected by
a door/window sensor (such as a magnetic contact sen-
sor), to a remote monitoring station, the system being
configured to: receive alert messages from a device at
the premises, the device being according to any variant of
the first aspect;

forward received alert messages to the remote mon-
itoring station;

action any request received from the remote mon-
itoring station for access to a microphone on the
device by transmitting an appropriate instruction to
the device; and

thereafter forwarding to the remote monitoring sta-
tion signals received from the device.
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[0106] The SOS device 400 may be configured to
transmit its reports to the home node or central unit using
a short-range communications protocol, such as Blue-
tooth, Bluetooth Low Energy, or Thread, if available, in
preference to using Wi-Fi, through the use of an appro-
priate internal transmitter (which may be provided in the
form of a transceiver). In one example, if no suitable low
power communications protocol is available, the SOS
device 100 may be configured to use Wi-Fi, provided that
a Wi-Fi network with a known SSID and sufficient signal
strength (e.g. better than -67dBm) is available. Addition-
ally or alternatively, the SOS device 400 may be config-
ured touse a cellular network (e.g.aPLMN 416 using LTE
Cat M and NB IoT, LTE, 3GPP 4G or 5G, CDMA) to
transmit the reports particularly when the device is "away
from home", thatis out of range of the central unitorhome
node. Optionally the device 400 may have no capability to
send or receive Wi-Fi signals, although as previously
noted it may be useful to provide the capability to receive
Wi-Fi signals and to detect SSIDs (so that the device can
use these in determining its location) whether or not there
is any capability to transmit Wi-Fi signals.

[0107] Additionally, embodiments of the SOS device
400 may further default to using a long-range commu-
nication protocol such as SigFox (RTM) in the event that
the device finds itself out of range of the central unit or
home node and also unable to connect to PLMNs (or
unable to secure a reliable connection, possibly through
being outofrange). As an example, SigFox supports long
range communication (30-50km in rural areas, 3-10kmin
urban areas), low data rates (12 bytes per message, with
amaximum of 140 messages a day per device), and uses
asub-GHzband (868MHzin Europe) and employs BPSK
modulation with ultra-narrowband technology. End de-
vices equipped with SigFox technology transmit data to
SigFox base stations which then forward the data to
SigFox servers. This is where the data are processed
before the results are sent to the respective end devices
for visualisation - in the present case for a user or service
provider to determine the location of the SOS device and
to receive any report of a fall or SOS event.

[0108] The reports from the SOS device 400 may be
directed towards a remote monitoring centre 406 and/or
to a networked storage arrangement (e.g. one or more
servers in the cloud) 418 which functions as a tracking
system backend from where they are optionally pushed
to a device, such as a smart phone 420, of a family
member of the SOS device wearer. The smart phone
420 or other device has a software application (app) 422
installed for displaying reports received (directly or indir-
ectly) from the SOS device, and optionally for tracking
and displaying routes defined by reported locations,
although the SOS device may itself track routes and
supply these in its reports. Optionally, the SOS device
may be configured to report tracked routes only when the
tracking device is away from a home location - which may
be defined using geofencing, either using local network
availability (e.g., particular Wi-Fi SSID availability, if the
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device has the capability to detect these) or using GNSS
signals or some other technique to derive location. Loca-
tion and presence data may also be transmitted from the
SOS device to the relative’s device 420 directly, e.g.
using Bluetooth or Thread or the like, or simply over local
Wi-Fi (if the device is Wi-Fi capable), when the two
devices are sufficiently close to each other or sufficiently
close to the same Wi-Fi network, rather than the reports
and data having to traverse the Internet. Alternatively,
reports may be transmitted to the relative’s device 420
using alow power wide area cellular network such asLTE
Cat M or NB loT or the like.

[0109] The SOS device 400 may be configured to
exhibit a first behaviour when the determined location
is one of one or more first locations and to exhibit a
second behaviour when the determined location is a
location other than one of the one or more first locations.
For example, the SOS device 400 may be configured to
perform location read attempts, and report on the result of
these, less frequently when the device knows that it is at
"home" (afirstlocation) than whenitis away from "home".
The first location may be narrowly defined - for example
inside the home, so that the garden or grounds of the
home constitute location(s) other than one of the one or
more first locations, because of the potentially enhanced
risk of falls outdoors. The designation of a location as a
first location will typically be based on the perceived
"safety" of the location, that is the level of risk. This
may depend not only upon the perceived threat level at
the relevant premises, but also on the proximity of pos-
sible threat actors and/or the safety provided by the
presence of neighbours, law enforcement, security cam-
eras, neighbourhood watch schemes, and the like.
[0110] A convenient way for the device 400 to deter-
mine that the location of the device is one of the one or
more first locations is to use a detected wireless network
identity and a received signal strength corresponding to
the detected wireless network identity. For example, the
device may be configured to recognise particular SSIDs
as being associated with the one or more first locations
and use signal strength data (e.g., RSSI) to determine
whether the device 400 is within the relevant first location
or outside it. For example, the device may be configured
to define afirstlocation as one within which the RSSI fora
particular SSID is better than -65dBm or better than
-64dBm.

[0111] Another convenient way for the device 400 to
determine that the location of the device is one of the one
or more first locations is to do so based on the position of
the device with respect to one or more geofences whose
parameters are stored in the device. The geofences may
be established based on data from a satellite navigation
(GNSS) function such as GPS embodied in the device
400, and/or using received signal strengths from one or
more wireless networks (e.g. one or more Wi-Fi net-
works, and/or signals from multiple PLMN base stations).
In particular, the device may be configured to use the
Skyhook (RTM) positioning service, and optionally the
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positioning service provided by Qualcomm (RTM) - no-
tably if the device incorporates an LTE modem from
Qualcomm - such as the MDM9205.

[0112] Optionally, the second behaviour includes
causing the reader to perform location read attempts,
and reporting, more frequently than according to the first
behaviour. For example, the device 400 may be config-
ured to determine location and perform a read attempt
every minute or every few minutes when the device is in
one of the one or more first locations, and perhaps to
report location as infrequently as once every 10 minutes
( to save battery life) while in the first location but to
determine location and perform a read attempt at a
frequency of more than once per minute, when the device
is in a location other than one of the one or more first
locations. The frequency of location reporting according
to the second behaviour may depend upon the rate of
change of location or upon, for example, the number of
steps taken since the last location report. In this way,
battery life is prolonged while still enabling track to be
kept of the location of the wearer.

[0113] Optionally, the second behaviour includes
transmitting a route based on locations determined since
the determined location ceased to be one of the one or
more first locations.

[0114] Preferably the processor of the SOS device is
configured to increase a rate at which location read
attempts are made in the event that a speed of movement
of the device is determined to exceed a first non-zero
threshold speed. As well as increasing the rate at which
location read attempts are made, the rate at which pre-
sence and location are reported may be increased simi-
larly. The threshold speed may be based on the average
normal walking speed of the device wearer 401 - which
may either be determined through measurement using
the tracking app 422 on the relative’s device 420, if
necessary in conjunction with the SOS device 100 (when
determining the wearer’s average walking speed), or
based on standard figures. The first non-zero threshold
speed may for example be set at between 1.3 and 2.5
metres per second, for example at 2 metres per second.
Additional non-zero threshold speeds may be set, with a
further increase in sampling rate, for use in tracking a
wearer in the event of the wearer being transported in a
vehicle - for example a second threshold of 14 metres per
second (50 KPH), and a third of 28 metres per second
(100 KPH), with sampling (and optionally reporting) rates
increasing for each higher threshold speed, e.g. to a rate
as high as once per second or once every two seconds.
[0115] In certain embodiments the device 100 may be
configured to power down its RF transceivers 312/314 for
extended periods, to reduce power consumption and
thereby extend battery life, only powering up an RF
transceiver periodically (for example every 10, 15, or
30 minutes) unless a fall is detected or an SOS event
is alerted by the activation of the SOS button 110/210. In
orderto be able to detect falls, the accelerometer 318 and
the processor 302 remain powered while the RF trans-
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ceivers are in their powered down state, the processor
also being responsive to operation of the SOS button
110/210. Inthe event that a fallis detected oran SOS alert
is raised, the device may be configured to determine (e.g.
using GNSS) and report its location to the system back
end (e.g. monitoring station 406 or resource 418) and/or
to a carer’s device 420. While the RF transceivers are
powered down, the central unit 404 and the remote
monitoring centre 406 are unable to communicate with
the device 100. The device 100 may be configured per-
iodically to activate a short-range RF transceiver, trans-
mit a message (preferably containing a device identifier,
and optionally a message identifier) to the central unit
404, and wait for a reply from the central unit 404. The
reply from the central unit 404 preferably includes an
identifier (possibly a message identifier that was used by
the device when making the relevant call, and/or an
identifier for the central unit). Communication between
the device and the central unit may also be encrypted
using encryption keys shared between the two devices.
The reply from the central unit 404 may also include a
request for the device to stay in listening mode (i.e. with
the transceiver powered up) until instructed to power
down the transceiver (or until the expiry of a predeter-
mined wait time). Such an approach means that the
central unit 404, and thus the remote monitoring centre
406, are able to communicate with the device periodically
(according to the device’s scheduled contact events).

[0116] Ifthe device 400is away from home (outof direct
radio communication range of the central unit/base sta-
tion), the central unit 404 will not receive the short-range
transmission from the device 400, and consequently the
device 100 will not receive a reply from the central unit
404. In this way the device will determine (if it is not
already aware) that it is no longer "at home". The device
400 may use this determination as a trigger to activate the
navigation module 328 to determine the device’s loca-
tion. Having determined the device location, the device
may report its current location to a remote monitoring
entity (e.g. remote monitoring station 406 or carer’s de-
vice 420, or both), although the device may be configured
only toreportits location if it is outside a (potentially, user-
defined) safe zone. The processor 302 may take account
not just of determined location but also of velocity (which,
with GNSS, can be determined based on differences of
consecutive carrier phase measurements - TDCP time
differenced carrier phase, as well as by using simple
differences between two consecutive positions). In order
to reduce power consumption (and hence extend battery
life), the device may power down the GNSS module
between position determination events. When the device
is aware that it is no longer "at home" the frequency with
which the device wakes up its RF transceiver to report to
the system back end may increase, at least when the
device is outside a predetermined safe zone (which may
be based simply on distance, but which may take account
of the perceived safety/danger of certain locations). The
frequency of position determination events may increase
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in the event that the determined velocity of the device
exceeds one or more thresholds (e.g. above walking
speed, above 30km/h, above 50 km/h, above 100
km/h). The device may also be configured to capture
an audio sample in the event that one or more of these
velocity thresholds is breached, optionally transmitting
the audio sample with the next position report to the
system back end (or monitoring station) - or optionally
only transmitting the audio clip upon receiving a request
to transmit it.

[0117] The device 400 may also determine that it is no
longer "at home" by using the step counting function. As
previously noted, the accelerometer 318 and the proces-
sor 302 remain powered even when the RF transceivers
are powered down, so that the device is always ready to
detectafall. The device 400 is preferably also arranged to
count steps (more generally detect user activity) even
when the RF transceivers are powered down. Also, if the
device 400 includes a gyroscope 319, signals from the
gyroscope 319 may be used possibly in conjunction with
signals from the accelerometer 318, to determine
whether the device 400 is still "at home".

[0118] Although devices according to aspects of the
invention may be configured to be contactable all the time
("always on" reception), such an approach is likely to be
expensive in terms of battery consumption. A preferred
alternative is to configure the device to shut down its RF
transceiver(s) and for the device to initiate contact with
the back-end, e.g. periodically, or in an emergency, or
internal watch alert. Once connection s initiated between
the device and a system back-end, the back-end (which
may be the monitoring station 406) can instruct the device
to keep open connection for a desired period, and/or
reprogram (reschedule) a next communication window.
In this way, a device whose RF transceivers are only
periodically active can still support two-way communica-
tion - allowing message transmission to the device, or
"pinging" from the back-end to the device (when con-
nected), and not just communications from the device to
the back-end.

[0119] The device may be configured only to activate a
transmitter (optionally transceiver) that supports commu-
nication over a low power wide area cellular network,
such as LTE Cat M or NB IoT or the like LTE, when the
device determines that it is out of range of the central unit
orwhen itis otherwise aware thatitis nolonger "athome"
(e.g. based on information from the navigation module).
[0120] As previously noted, the device may be config-
ured to capture an audio clip in the event that a fall is
detected, or an SOS alert is raised. The audio clips may
be transmitted to the remote monitoring station automa-
tically, but the system may be configured only to transmit
the audio clips on request from the remote monitoring
station. The remote monitoring station can use the audio
clip as context for the event report and can instruct the
device to send further audio clips if further context is
required. That is, when the device reports an event
and provides an audio clip, the back end can keep the
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connection open with the device in order to monitor the
situation via audio clips. The back end may also force the
device to report its position, for example determined via
GNSS, and velocity if appropriate.

[0121] As previously noted, the device is preferably
configured to count steps, based on data from the accel-
erometer 318. Step count can be used as an input to an
adaptive control for controlling how frequently to check
for the detected position and/or how frequently or when
the device should contact the central unit 404 or the
system back-end 418 or remote monitoring centre 406.
The device may be given a step-count threshold to trigger
check on position (e.g. step-count since last position
check, or step count so far today). Devices according
to embodiments of the invention may be configured so
that when they are out of range of the base station 404
they report position after a certain number of steps, as
well as reporting periodically. That is, although steps
taken at home may be counted towards a daily activity
target, they may not be counted as relevant to a step
count influenced location report. For example, when a
person wearing a device leaves home to post a letter in a
nearby (say fewer than 200 steps away) postbox the
device may only report in to the system back end accord-
ing to its usual schedule, but if the wearer walks more
than 450 steps the device may wake and report its posi-
tion - because perhaps such long excursions may be a
source of concern (for example if the wearer is suffering
from dementia or is rather frail) - in this way, a carer (and
or a monitoring station) may keep track on the wearer
who needs such oversight. Typically, step counting will be
performed using data from the accelerometer, but of
course other technology of the type used in pedometers
(ball and spring, pendulum, etc.) could be used in lieu of
or in addition. Typically, the step counting function will be
based on a MEMS sensing arrangement, such as the
accelerometer 318.

[0122] A carer’s or relative’s WTRU device 420, e.g. a
smartphone, provided with an app 422 may be used to:

Define safe areas, and dangerous areas, for notifi-
cations if the watch position traverses a boundary,
the related app on the carer’s device would do the
work;

Receive an alert (with position) in case of SOS-
button press on the worn device;

Receive an alert (with position) in case of fall-detec-
tion;

Automatically (or on user demand) request an up-
date of the worn device’s position;

[0123] Receive counted steps (or other measured
parameters representing activity, such as data indicating
that the wearer is getting up from a seated or reclining
position and walking around, rather than resting in place).
The exact step count could be shared with the carer’s
device, but if such a level of detail were considered
invasive then relative levels of activity might be shared
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- perhaps with comparison to recent daily counts or
step/activity targets, possibly broken down into parts of
the day (e.g. an activity target for the morning, another for
the afternoon, etc.), and possibly also considering the
length of intervals between periods of activity. So, for
example the carer’s app may receive a message such as
"user’s activity has dropped by 25% in the last week
compared to the average for the previous month (or
longer period)"

[0124] Where the device is used by someone in pre-
mises that are protected by a security monitoring system,
the device may be configured to actas atag toarm and/or
disarm the system, and if the system is linked to electro-
nically controlled locks on access doors, the device may
be configured to unlock and/or lock any such locks. Such
control could be performed using BLE, or the short range
communication protocol used for communication with the
central unit, or the device may include an NFC antenna
and related hardware to transmitinstructions, using NFC,
to a disarm node of the security monitoring system.
[0125] As previously mentioned, the device may in-
clude a haptic transducer 330 to provide haptic feedback,
for example when an SOS call is made, optionally also
when afallis reported, and optionally when a message is
received confirming that the SOS call has been received
by the remote monitoring centre 406. Preferably the
device is configured to display, on face 104/204 or display
109/209, textual messages to the effect that an SOS call
has been made, that the call has been received at the
remote monitoring centre, and that help is on its way (as
appropriate).

[0126] As previously mentioned, the device may in-
clude a capability to determine the wearer’s heart rate
(and possibly also to detect arrhythmias and other irre-
gularities). Such devices may be arranged to report
average heart rate (and/or high or low values) whenever
reporting in to the system back end, and/or they may
report current heart rate in the event of reporting a fall or
an SOS event. Optionally, the device may raise an alert
and report an event to the system back end (without
waiting for the next scheduled reporting event) in the
event that a high or low heart rate threshold is breached
and/or the data form the heart rate monitoring subsystem
indicate some kind of cardiac event or emergency. Simi-
larly, the device may additionally or alternatively include a
capability to determine the wearer’s blood oxygen satura-
tion, and be configured to report average oxygen satura-
tion (and/or high or low values) whenever reporting in to
the system back end, and/or they may report current
oxygen saturation in the event of reporting a fall or an
SOS event. Optionally, the device may raise an alert and
report an event to the system back end (without waiting
for the next scheduled reporting event) in the event thata
low blood oxygen saturation threshold is breached.
[0127] Information from heart rate monitoring and/or
oxygen saturation may be used to provide a "worn" signal
to indicate whether the device is actually being worn or
thatitis no longer being worn. Similarly, information from
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the accelerometer may be used to determine whether the
device is being worn or not.

[0128] Devices according to aspects of the invention
may be arranged to co-operate with a Wi-Fi sensing
arrangement in the home environment. That is, when
the device is "athome" rather than away from home, a Wi-
Fi sensing arrangement in the home may be arranged to
provide information that is complementary to information
provide by a device according to an aspect of the inven-
tion. In particular, the fall-detection function of the device
may supplement information from a Wi-Fi sensing ar-
rangement. Depending upon the sensitivity of any Wi-Fi
sensing arrangement, Wi-Fi sensing may be able not
only to determine the location of someone within the
home but also determine whether that person is sitting,
standing, or lying down - possibly even being able to
detect a fall. By linking Wi-Fi sensing to a home hub or
central unit that cooperates with a device according to
aspects of the invention, the home hub or an associated
back end or remote monitoring installation may be able to
integrate information from such a device with information
from Wi-Fi sensing to confirm an initial finding from either
data source. To better utilise the power of Wi-Fisensing, a
device according to aspects of the invention may be
configured so that their fall-detection algorithm is set to
be more sensitive while the device is "at home" - and in
particular when the device is within an area of the home
that is subject to Wi-Fi sensing. A device may be config-
ured to detect that it is within such an area based on a
combination of detected SSID(s) and signal strength(s)
(e.g. RSSI). Setting the watch’s fall-detection algorithm to
be more sensitive may generate false-positive alarms,
but may reduce risk of false-negatives if the watch should
fail to detect a fall. It can also enhance the watch’s ability
to detecta "slow" fall, when an elderly person may slide to
the floor, e.g. in the bathroom or toilet. Slow falls are
harder to detect with an accelerometer. The fall-detection
from the watch can be verified via Wi-Fi sensing, as well
as establishing the person’s position. Wi-Fi sensing func-
tionality may be built into the home hub or central unit,
using Wi-Fi illumination signals from Wi-Fi enabled de-
vices (such as cameras of a security monitoring system,
Wi-Fi-enabled doorbell, "smart" sockets and other
"smart" devices). Also while at home, if the SOS device
is being worn, any falls detected by Wi-Fi sensing can be
verified via fall-detection in the device, providing an extra
layer of verification to the monitoring station. While away
from home, the device’s fall-detection algorithm can be
set to normal sensitivity to reduce risk of false-positives.
[0129] Although the illustrated embodiments have
been described in the context of devices wearable on
a user’s wrist, it will be appreciated that the inventive
concepts and ideas find equal application in other wear-
able devices. For example, device that are configured to
be worn as pendants, and the expression "wearable
device" should be construed to include such devices
unless the context clearly requires otherwise.
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Claims

1. A personal wearable monitoring device including an
SOS button, a processor and, operatively coupled to
the processor, an accelerometer, at least one RF
transmitter, the processor being programmed to ac-
tivate the at least one RF transmitter to transmit an
alert message in the event that either an SOS event
is signalled via the SOS button or signals received
from the accelerometer indicate a fall, wherein:

the device is configured to determine whether it
is in range of a dedicated home node, and if the
device determines that it is out of range the
device is configured periodically to report its
position to a remote monitoring station using
the at least one RF transmitter; and

the device being further configured to adapt the
periodicity of position reporting based on infor-
mation from a step counting function.

2. Thedevice as claimedin claim 1, wherein the device
is configured to increase the frequency of position
reporting after a threshold number of steps have
been counted.

3. The device of claim 1 or claim 2, the device is con-
figured periodically to report its presence to a dedi-
cated home node using the at least one RF trans-
mitter.

4. The device as claimed in any one of the preceding
claims, wherein the device is configured to shut
down its at least one RF transmitter between report-
ing instances, and the device is further configured to
wait before shutting down its at least one RF trans-
mitter, for a predetermined period after each report-
ing instance, to receive a communication from the
remote monitoring station.

5. Thedevice as claimed in claim 4, wherein the device
is configured to continue to power its RF transmitter
upon receiving an appropriate request from the re-
mote monitoring station.

6. The device as claimed in any one of the preceding
claims, wherein the device is arranged to capture an
audio clip in the event that the device detects a fall
andinthe eventthatan SOS eventis reported via the
SOS button.

7. Thedevice as claimed in claim 6, wherein the device
is configured to transmit the captured audio clip to the
remote monitoring station in the event of a fall or an
SOS event to the remote monitoring station, and
upon receiving a request to transmit the audio clip,
and optionally the device is configured to capture a
further sound clip upon a request so to do received



10.

1.

12

13.

14.

29
from the remote monitoring station.

The device as claimed in any one of the preceding
claims, the device further comprises a GNSS recei-
ver, and the device is configured to shut down the
GNSS for extended periods between reporting in-
stances, and optionally

the device is configured to increase the rate of re-
porting position to the remote monitoring centre in
the event that device velocity (optionally non-vertical
velocity) exceeds a predetermined threshold.

The device as claimed in any one of the preceding
claims, wherein the device is configured to apply a
fall detection algorithm to identify fall events, and the
device has an operating mode in which sensitivity of
detecting fall events is greater when the device is "at
home" than when the device is "away from home".

The device as claimed in any one of the preceding
claims, wherein the device has an operating mode in
which it is configured to detect Wi-Fi network iden-
tities and Wi-Fi network signal strengths, but is not
configured to transmit data in the form of Wi-Fi
signals.

The device as claimed in claim 10, wherein the
device has an operating mode in which it is config-
ured to determine that it is at a home location based
on stored Wi-Fi network identities and Wi-Fi network
signal strengths corresponding to the home location.

The device of any one of the preceding claims,
wherein the at least one RF transmitter includes a
transmitter configured to operate on a low power
wide area cellular network such as LTE Cat M and
NB loT

A security monitoring system for premises, the sys-
tem being of the kind that, in an armed state, is
operable to report security breaches, such as the
opening of a door or window, detected by a door/-
window sensor, to a remote monitoring station, the
system being configured to: receive alert messages
from a device at the premises, the device being as
claimed in any one of the preceding claims;

forward received alert messages to the remote
monitoring station;

action any request received from the remote
monitoring station for access to a microphone
on the device by transmitting an appropriate
instruction to the device; and

thereafter forwarding to the remote monitoring
station signals received from the device.

A system comprising a device as claimed in any one
of claims 1 to 12 and a base station/home hub/central
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16.

17.

18.

19.

20.
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unit with which the device is capable of communicat-
ing using a short range RF communication mode,
and optionally the home hub is a central unit for a
security monitoring system for the premises.

A system as claimed in claim 14, wherein the home
hub is configured to perform Wi-Fi sensing within the
premises, and further configured to perform at least
one of the following:

use data from Wi-Fi sensing in conjunction with
data from the device to confirm fall events re-
ported by the device;

supply Wi-Fi sensing data to a back end/moni-
toring station to enable the back end/monitoring
station to confirm fall events reported by the
device.

A method performed by a backend entity of a system
that provides personal monitoring services using a
wearable personal monitoring device, the method
comprising:

a) receiving at the backend entity a notification
from the wearable personal monitoring device;
b) transmitting to the device a response to the
notification, the response including at least one
of

i) a request to maintain a transceiver of the
device in a condition ready to receive further
instructions or a further request;

ii) a request to provide an audio clip (to
provide context for the notification) cap-
tured by the device;

ii) a request to report the location of the
device.

The method of claim 16, wherein the notification
received from the monitoring device signifies an
SOS event or a fall, and optionally wherein the
notification received from the monitoring device in-
cludes location information or information enabling
the location of the device to be determined.

The method of claim 17, wherein the notification
includes information indicating that the monitoring
device is away from a home location of the device.

The method of any one of claims 16 to 18, wherein
the notification includes an audio clip captured by the
device.

The method of any one of claims 16 to 19, the method
further comprising causing transmission of a carer/u-
ser notification to a user device, content of the car-
er/user notification depending upon the type or con-
tent of the notification received from the monitoring
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A personal wearable monitoring device including an SOS
button, a processor and, operatively coupled to the
processor, an accelerometer, at least one RF transmitter,
the processor being programmed to activate the at least one
RF transmitter to transmit an alert message in the event
that either an S80S event is signalled via the S0S button or
gsignals received from the accelerometer indicate a fall,
wherein:the device is configured to determine whether it is
in range of a dedicated home node, and if the device
determines that it is out of range the device is configured
periodically to report its position to a remote monitoring
station using the at least one RF transmitter; andthe device
being further configured to adapt the periodicity of
position reporting based on information from a step counting
function, wherein the device is configured to shut down its
at least one RF transmitter between reporting instances, and
the device is further configured to wait before shutting
down its at least one RF transmitter, for a predetermined
period after each reporting instance, to receive a
communication from the remote monitoring station.

2. claims: 1, 9, 15(completely); 14 (partially)

A personal wearable monitoring device including an SOS
button, a processor and, operatively coupled to the
processor, an accelerometer, at least one RF transmitter,
the processor being programmed to activate the at least one
RF transmitter to transmit an alert message in the event
that either an S80S event is signalled via the S0S button or
signals received from the accelerometer indicate a fall,
wherein:the device is configured to determine whether it is
in range of a dedicated home node, and if the device
determines that it is out of range the device is configured
periodically to report its position to a remote monitoring
station using the at least one RF transmitter; andthe device
being further configured to adapt the periodicity of
position reporting based on information from a step counting
function, wherein the device is configured to apply a fall
detection algorithm to identify fall events, and the device
has an operating mode in which sensitivity of detecting fall
events is greater when the device is "at home" than when the
device is "away from home".

3. claims: 1, 10, 11

A personal wearable monitoring device including an SOS
button, a processor and, operatively coupled to the
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processor, an accelerometer, at least one RF transmitter,
the processor being programmed to activate the at least one
RF transmitter to transmit an alert message in the event
that either an S0OS event is signalled via the S80S button or
signals received from the accelerometer indicate a fall,
wherein:the device is configured to determine whether it is
in range of a dedicated home node, and if the device
determines that it is out of range the device is configured
periodically to report its position to a remote monitoring
station using the at least one RF transmitter; andthe device
being further configured to adapt the periodicity of
position reporting based on information from a step counting
function, wherein the device has an operating mode in which
it is configured to detect Wi-Fi network identities and
Wi-Fi network signal strengths, but is not configured to
transmit data in the form of Wi-Fi signals.

4. claims: 13(completely); 14 (partially)

A security monitoring system for premises, the system being
of the kind that, in an armed state, is operable to report
gsecurity breaches, such as the opening of a door or window,
detected by a door/window sensor, to a remote monitoring
station, the system being configured to: receive alert
messages from a personal wearable monitoring device at the
premises; forward received alert messages to the remote
monitoring station; action any request received from the
remote monitoring station for access to a microphone on the
personal wearable monitoring device by transmitting an
appropriate instruction to the personal wearable monitoring
device; and thereafter forwarding to the remote monitoring
station signals received from the personal wearable
monitoring device, wherein the personal wearable monitoring
device includes an SOS button, a processor and, operatively
coupled to the processor, an accelerometer, at least one RF
transmitter, the processor being programmed to activate the
at least one RF transmitter to transmit an alert message in
the event that either an SOS event is signalled via the SO0OS
button or signals received from the accelerometer indicate a
fall, wherein: the personal wearable monitoring device is
configured to determine whether it is in range of a
dedicated home node, and if the personal wearable monitoring
device determines that it is out of range the personal
wearable monitoring device is configured periodically to
report its position to a remote monitoring station using the
at least one RF transmitter; and the personal wearable
monitoring device is further configured to adapt the
periodicity of position reporting based on information from
a step counting function.
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5. claims: 16-20(partially)

A method performed by a backend entity of a system that
provides personal monitoring services using a wearable
personal monitoring device, the method comprising: a)
receiving at the backend entity a notification from the
wearable personal monitoring device; b) transmitting to the
device a response to the notification, the response
including request to maintain a transceiver of the device in
a condition ready to receive further instructions or a
further request.

6. claims: 16-20(partially)

A method performed by a backend entity of a system that
provides personal monitoring services using a wearable
personal monitoring device, the method comprising: a)
receiving at the backend entity a notification from the
wearable personal monitoring device; b) transmitting to the
device a response to the notification, the response
including a request to report the location of the device.
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