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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a fall detection system
that is for detecting falls by a user.

BACKGROUND TO THE INVENTION

[0002] Falls affect millions of people each year and re-
sult in significant injuries, particularly among the elderly.
In fact, it has been estimated that falls are one of the top
three causes of death in elderly people. A fall is defined
as a sudden, uncontrolled and unintentional downward
displacement of the body to the ground, followed by an
impact, after which the body stays down on the ground.
[0003] A personal emergency response system
(PERS) is a system in which help for a user can be as-
sured. By means of Personal Help Buttons (PHBs) the
user can push the button to summon help in an emer-
gency. A majority of calls are because the user has fallen.
Also, if the user suffers a severe fall (for example by which
they get confused or even worse if they are knocked un-
conscious), the user might be unable to push the button,
which might mean that help doesn’t arrive for a significant
period of time, particularly if the user lives alone. The
consequences of a fall can become more severe if the
user stays lying for a long time.
[0004] Fall detection systems are also available that
process the output of one or more movement sensors to
determine if the user has suffered a fall. Most existing
body-worn fall detection systems make use of an accel-
erometer (usually an accelerometer that measures ac-
celeration in three dimensions) and they are configured
to infer the occurrence of a fall by processing the time
series generated by the accelerometer. Some fall detec-
tion systems can also include an air pressure sensor, for
example as described in WO 2004/114245, for measur-
ing the height, height change or absolute altitude of the
fall detection system. On detecting a fall, an alarm is trig-
gered by the fall detection system.
[0005] Some fall detection systems are designed to be
worn as a pendant around the neck of the user, whereas
others are designed to be worn on or at the torso (e.g.
waist, on a waist belt or in a pocket) or on the limbs of
the user, for example at the wrist.
[0006] A lot of effort is being put into providing robust
classification methods or processing algorithms for de-
tecting falls accurately. In general, a fall detector tests
on features like impact, orientation, orientation change,
height change, vertical velocity, and alike. Reliable de-
tection results when the set of computed values for these
features is different for falls than for other movements
that are not a fall. The algorithm can compare the detect-
ed features with predetermined threshold values and/or
classification patterns to determine if a fall event has oc-
curred.
[0007] The reliability of the classification method can

be visualized by a receiver operating characteristic
(ROC) curve in which the detection probability is plotted
against the false alarm rate. Fig. 1 shows such ROC-
curve which represents the average performance of the
algorithm across many users tested over a long time pe-
riod. The optimal trade-off between detected falls and
falls alarms (the ’operating point’) depends on several
factors, such as customer/user satisfaction and econom-
ic factors. A high rate of false alarms is costly for the
service centre and annoying to the customer (user),
whereas diminishing the amount of false alarms may lead
to missed falls which can be extremely troublesome or
harmful to the customer (user). It is the aim of the fall
detection algorithm designer to create an algorithm with
an operating point that reaches the upper-left corner of
the ROC curve as closely as possible. However, the pre-
cise operating point can depend on the mentioned exter-
nal conditions and preferences.
[0008] In general, people with a low fall risk are more
active and may generate more movements in daily life
that appear to the fall detection algorithm as falls. As a
consequence, the amount of false alarms may be higher
than average for this ’low fall risk’ group, while the amount
of actual falls is lower than average. Figs. 2 and 3 show
exemplary relationships between false alarm rate/true
falls and the fall risk/activity level respectively. The curves
may take other shapes. For example, the false alarm rate
may have a maximum half way in both graphs.
[0009] US 2012/0190949 describes an alarm system
that processes both motion and vital signs using specific
heuristic rules and thresholds. WO 2010/023604 and WO
2010/026513 describe fall prevention systems.

SUMMARY OF THE INVENTION

[0010] Besides the movement behaviour in daily life,
also the movement behaviour during a fall can differ be-
tween people with a low and high fall risk. The ’low fall
risk’ group is in general able to correct small balance
disturbances during slow movements. Therefore most
falls in this group happen as a consequence of fast move-
ments and/or large balance disturbances resulting in a
relatively high impact when the person contacts the
ground. The ’high fall risk’ group generally move more
slowly and more carefully. Falls can also occur when the
person is standing still and they gradually lose balance
but are unable to correct for it. However, such a user may
make some effort to maintain balance and grasp around
for support while falling, which can lead to the user con-
tacting the ground with a relatively low impact. For this
reason different ROC-curves can be drawn for people
with different levels of fall risk. Due to differences in move-
ment behaviour, the optimal classification method, the
resulting ROC-curve and/or the optimal operating point
on the ROC-curve depends on the dynamic fall risk of a
user. Fig. 4 shows exemplary ROC-curves for two differ-
ent types of user groups (low fall risk users and high fall
risk users). Different ROC-curves could also be drawn
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for users who wear the fall detection system below their
clothing and over their clothing, for example, or for users
with different characteristics, such as height, which lead
to different height drops during a fall. It can be seen that
the incidence of falls and false alarms as well as the de-
tection probability change distribution, and this also
changes the optimal fall detector design.
[0011] It has been found that some of the strongest
risk indicators for falling include the occurrence of previ-
ous falls by the user as well as their strength, gait and
balance impairments. The ROC-curve shown in Fig. 4
does not only differ between users with different physical
capabilities and previous falls, but also depends on the
situation (context) of the user or their environment at a
certain moment. In particular, a user’s fall risk changes
dynamically over time, and fall risk assessment needs to
be an ongoing process. A person may be in the ’low risk’
category at one point of time (e.g. while sat down talking
to friends) and in the ’high risk’ category at another time
point (e.g. after taking medication, using the bathroom,
when lights are dimmed, etc.). In some cases, the user’s
balance ability may be deliberately challenged or tested,
for example when a user is testing their balance as part
of an assessment or training or exercising to improve
their ability. It is also known that the majority of falls occur
during walking, and so walking is an inherently ’higher
risk’ activity. Also, a user with a low fall risk (for example
the lights are on) generates more false alarms (since they
are more active when the lights are on or during day time)
while less falls are missed (since users probably fall when
the lights are on due to larger disturbances and therefore
the impact is high enough to be detected). A person with
a high fall risk (for example the lights are off) generates
less false alarms (since for example the user is sleeping
for most of this time) and less falls are detected (since
the user may already fall due to a very small disturbance
resulting in a low impact).
[0012] It will be appreciated from the above discussion
that it is not possible to configure the fall detection algo-
rithm to operate at an optimum point on the ROC curve
for all users and in all situations.
[0013] Thus, the invention provides that the sensitivity
of the fall detection algorithm is adapted using contextual
information about the user and/or the user’s environment.
In particular, if the contextual information indicates that
the user is at a higher risk of falling, the sensitivity of the
fall detection algorithm is increased. The increase in sen-
sitivity is temporary and only lasts while the higher risk
of falling is present or detected, after which the sensitivity
of the fall detection algorithm is return to or close to the
previous (e.g. default) sensitivity for the user. In preferred
embodiments, the sensitivity of the fall detection algo-
rithm is adjusted by moving the operating point on the
ROC curve. Thus, when a user is in a situation that poses
a higher risk of falling, the operating point is moved tem-
porarily to raise detection probability. In these cases it is
accepted that this adapted setting also increases the
probability of false alarms occurring, since the aim is to

ensure that no falls are missed. Since the fall detection
algorithm is only configured to be more sensitive for a
short time period, a relatively low false alarm rate is still
obtained on average, while reducing the change of a fall
being missed when the user is at higher risk of falling.
[0014] According to a first aspect of the invention, there
is provided a method of operating a fall detection system
to detect falls by a user, the method comprising:deter-
mining context information about the user and/or the en-
vironment in which the user is located;in the event that
the determined context information indicates that the us-
er is currently at an increased risk of falling, temporarily
increasing the sensitivity of a fall detection algorithm used
to detect falls by a user while the increased risk of falling
is indicated by the determined context information deter-
mining further context information about the user and/or
the environment in which the user is located; and reset-
ting or reducing the sensitivity of the fall detection algo-
rithm if the further context information indicates that the
user is no longer at an increased risk of falling.
[0015] In some examples, the context information
comprises an indication of whether the user is performing
a fall risk assessment test or balance training; and the
context information indicates that the user is or may be
at an increased risk of falling if the user is performing a
fall risk assessment test or balance training.
[0016] In some examples, the context information
comprises an indication of whether the user is walking,
and the context information indicates that the user is or
may be at an increased risk of falling if the user is walking.
[0017] In some examples, the context information
comprises an indication of whether an unusual move-
ment pattern for the user has been detected, and the
context information indicates that the user is or may be
at an increased risk of falling if an unusual movement
pattern is detected.
[0018] In some examples, the context information
comprises an indication of the current location of the user,
and the context information indicates that the user is or
may be at increased risk of falling if the current location
of the user is a known location where the user is at a
higher risk of falling. The known locations where the user
is at a higher risk of falling may include any one or more
of, a bathroom, on the stairs, outdoors or a location where
the user and/or other users have previously fallen.
[0019] In some examples, the context information
about the environment in which the user is located com-
prises an indication of the ambient light in the user’s lo-
cation, an indication of how even or uneven the ground
is, an indication of the current weather or temperature
and/or an indication of the ambient noise level and the
context information indicates that the user is or may be
at increased risk of falling if the ambient light is below a
threshold, if the ground is uneven, if the weather is wet
or the temperature is below a threshold and/or if ambient
noise level is above threshold.
[0020] In some examples, the context information
comprises an indication of the current time, and the con-
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text information indicates that the user is or may be at
increased risk of falling if the current time is within one
or more specified time periods. The one or more specified
time periods may include the night time and/or time pe-
riods shortly before and/or after a scheduled dose of med-
ication.
[0021] In some examples, the context information
comprises an indication of the current activity level of the
user, and the context information indicates that the user
is or may be at increased risk of falling if the current ac-
tivity level is above a threshold activity level.
[0022] In some embodiments, the step of increasing
the sensitivity of a fall detection algorithm comprises in-
creasing the likelihood that a fall will be detected.
[0023] In some examples, the step of increasing the
sensitivity of a fall detection algorithm comprises adjust-
ing the position of an operating point for the algorithm on
a receiver operating characteristic curve.
[0024] In some examples, the step of increasing the
sensitivity of the fall detection algorithm comprises de-
creasing the threshold at which the likelihood for a fall
has to outweigh the likelihood for a non-fall for a fall to
be detected.
[0025] In other examples, the step of increasing the
sensitivity of a fall detection algorithm comprises deter-
mining a required operating point for the algorithm on a
receiver operating characteristic curve, and selecting a
configuration of the fall detection algorithm having the
required operating point.
[0026] In other examples, the fall detection algorithm
comprises determining one or more feature values from
measurements of the movements of the user and com-
paring the one or more feature values to respective
thresholds to detect if a fall has occurred, and wherein
the step of increasing the sensitivity of the fall detection
algorithm comprises adjusting one or more of the thresh-
olds to increase the likelihood that a fall will be detected.
[0027] In other examples,
the fall detection algorithm comprises determining a plu-
rality of feature values from measurements of the move-
ments of the user; and comparing the set of feature val-
ues to a threshold to detect if a fall has occurred, and
wherein the step of increasing the sensitivity of the fall
detection algorithm comprises adjusting the threshold to
increase the likelihood that a fall will be detected.
[0028] In other examples, the fall detection algorithm
comprises determining one or more feature values from
measurements of the movements of the user, determin-
ing a value indicating the likelihood that the set of feature
values represents a fall and a value indicating the likeli-
hood that the set of feature values does not represent a
fall, determining a ratio of the likelihood values and com-
paring the logarithm of the ratio to a threshold to detect
if a fall has occurred, and wherein the step of increasing
the sensitivity of the fall detection algorithm comprises
adjusting the threshold to increase the likelihood that a
fall will be detected.
[0029] In some examples,

the fall detection algorithm comprises determining one
or more feature values from measurements of the move-
ments of the user in two or more stages, with each stage
only being performed if the feature value or values de-
termined in the previous stage indicate that a fall may
have occurred, and wherein the step of increasing the
sensitivity of the fall detection algorithm comprises
changing the feature value or values determined in one
or more stages, and/or adjusting one or more threshold
values to which the feature values are compared.
[0030] In some examples, the method further compris-
es the step of initially operating the fall detection system
with the fall detection algorithm set to a normal sensitivity
corresponding to a normal risk of falling for the user;
wherein when the context information indicates that the
user is or may be at an increased risk of falling relative
to the normal risk of falling for the user, the sensitivity of
the fall detection algorithm is increased above the normal
sensitivity.
[0031] In some examples, in the event that the deter-
mined context information indicates that the user is or
may be at a decreased risk of falling, the method com-
prises the step of decreasing the sensitivity of a fall de-
tection algorithm used to detect falls by a user while the
decreased risk of falling is indicated by the determined
context information.
[0032] According to a second aspect of the invention,
there is provided a computer program product having
computer readable code embodied therein, the computer
readable code being configured such that, on execution
by a suitable computer or processing unit, the computer
or processing unit performs the method as described
above.
[0033] According to a third aspect of the invention,
there is provided a fall detection system for use in de-
tecting falls by a user, the fall detection system compris-
ing:a processing unit configured to:determine context in-
formation about the user and/or the environment in which
the user is located;temporarily increase the sensitivity of
a fall detection algorithm used to detect falls by a user in
the event that the determined context information indi-
cates that the user is currently at an increased risk of
falling, the temporary increase in sensitivity occurring
while the increased risk of falling is indicated by the de-
termined context information;determine further context
information about the user and/or the environment in
which the user is located; and reset or reduce the sensi-
tivity of the fall detection algorithm if the further context
information indicates that the user is no longer at an in-
creased risk of falling.
[0034] In some examples the context information com-
prises an indication of whether the user is performing a
fall risk assessment test or balance training; and the
processing unit is configured to determine that the user
is or may be at an increased risk of falling if the context
information indicates that the user is performing a fall risk
assessment test or balance training.
[0035] In some examples the context information com-
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prises an indication of whether the user is walking, and
the processing unit is configured to determine that the
user is or may be at an increased risk of falling if the
context information indicates that the user is walking.
[0036] In some examples the context information com-
prises an indication of whether an unusual movement
pattern for the user has been detected, and the process-
ing unit is configured to determine that the user is or may
be at an increased risk of falling if the context information
indicates an unusual movement pattern.
[0037] In some examples the context information com-
prises an indication of the current location of the user,
and the processing unit is configured to determine that
the user is or may be at increased risk of falling if the
current location of the user is a known location where the
user is at a higher risk of falling. The known locations
where the user is at a higher risk of falling may include
any one or more of, a bathroom, on the stairs, outdoors
or a location where the user and/or other users have pre-
viously fallen.
[0038] In some examples the context information
about the environment in which the user is located com-
prises an indication of the ambient light in the user’s lo-
cation, an indication of how even or uneven the ground
is, an indication of the current weather or temperature
and/or an indication of the ambient noise level and the
processing unit is configured to determine that the user
is or may be at increased risk of falling if the ambient light
is below a threshold, if the ground is uneven, if the weath-
er is wet or the temperature is below a threshold and/or
if ambient noise level is above threshold.
[0039] In some examples the context information com-
prises an indication of the current time, and the process-
ing unit is configured to determine that the user is or may
be at increased risk of falling if the current time is within
one or more specified time periods. The one or more
specified time periods may include the night time and/or
time periods shortly before and/or after a scheduled dose
of medication.
[0040] In some examples, the context information
comprises an indication of the current activity level of the
user, and the context information indicates that the user
is or may be at increased risk of falling if the current ac-
tivity level is above a threshold activity level.
[0041] In some examples, the processing unit is con-
figured to increase the sensitivity of a fall detection algo-
rithm to increase the likelihood that a fall will be detected.
[0042] In some embodiments, the processing unit is
configured to increase the sensitivity of a fall detection
algorithm by adjusting the position of an operating point
for the algorithm on a receiver operating characteristic
curve.
[0043] In some examples, the processing unit is con-
figured to increase the sensitivity of the fall detection al-
gorithm by decreasing the threshold at which the likeli-
hood for a fall has to outweigh the likelihood for a non-
fall for a fall to be detected.
[0044] In other examples, the processing unit is con-

figured to increase the sensitivity of a fall detection algo-
rithm by determining a required operating point for the
algorithm on a receiver operating characteristic curve,
and selecting a configuration of the fall detection algo-
rithm having the required operating point.
[0045] In other examples, the fall detection algorithm
comprises determining one or more feature values from
measurements of the movements of the user and com-
paring the one or more feature values to respective
thresholds to detect if a fall has occurred, and the
processing unit is configured to increase the sensitivity
of the fall detection algorithm by adjusting one or more
of the thresholds to increase the likelihood that a fall will
be detected.
[0046] In other examples, the fall detection algorithm
comprises determining a plurality of feature values from
measurements of the movements of the user; and com-
paring the set of feature values to a threshold to detect
if a fall has occurred, and the processing unit is configured
to increase the sensitivity of the fall detection algorithm
by adjusting the threshold to increase the likelihood that
a fall will be detected.
[0047] In other examples, the fall detection algorithm
comprises determining one or more feature values from
measurements of the movements of the user, determin-
ing a value indicating the likelihood that the set of feature
values represents a fall and a value indicating the likeli-
hood that the set of feature values does not represent a
fall, determining a ratio of the likelihood values and com-
paring the logarithm of the ratio to a threshold to detect
if a fall has occurred, and the processing unit is configured
to increase the sensitivity of the fall detection algorithm
by adjusting the threshold to increase the likelihood that
a fall will be detected.
[0048] In some examples, the fall detection algorithm
comprises determining one or more feature values from
measurements of the movements of the user in two or
more stages, with each stage only being performed if the
feature value or values determined in the previous stage
indicate that a fall may have occurred, and the processing
unit is configured to increase the sensitivity of the fall
detection algorithm by changing the feature value or val-
ues determined in one or more stages, and/or adjusting
one or more threshold values to which the feature values
are compared.
[0049] In some examples, the processing unit is further
configured to determine further context information about
the user and/or the environment in which the user is lo-
cated; and to reset or reduce the sensitivity of the fall
detection algorithm if the further context information in-
dicates that the user is no longer at an increased risk of
falling.
[0050] In some examples, the processing unit is con-
figured to initially operate the fall detection system with
the fall detection algorithm set to a normal sensitivity cor-
responding to a normal risk of falling for the user; and
wherein when the processing unit determines that the
context information indicates that the user is or may be
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at an increased risk of falling relative to the normal risk
of falling for the user, the processing unit is configured
to increase the sensitivity of the fall detection algorithm
above the normal sensitivity.
[0051] In some examples, the processing unit is further
configured to determine if the context information indi-
cates that the user is or may be at a decreased risk of
falling, and to decrease the sensitivity of the fall detection
algorithm while the decreased risk of falling is indicated
by the determined context information.
[0052] The invention is defined by appended claims
1-14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Exemplary embodiments of the invention will
now be described, by way of example only, with reference
to the following drawings, in which:

igure 1 is a graph illustrating an exemplary ROC
curve for a fall detection algorithm;
Fig. 2 is a graph illustrating the false alarm rate and
the true fall rate against a user’s fall risk;
Fig. 3 is a graph illustrating the false alarm rate and
the true fall rate against a user’s activity level;
Fig. 4 is a graph illustrating two exemplary ROC
curves for users with high and low fall risks respec-
tively;
Fig. 5 is a block diagram of a fall detection system
according to an embodiment of the invention;
Fig. 6 is a flow chart illustrating a method according
to an embodiment of the invention;
Fig. 7 is a functional flow chart illustrating the oper-
ation of an embodiment of the invention;
Fig. 8 is an example of a Bayesian network applied
to fall risk estimation; and
Fig. 9 is a flow chart illustrating the operation of the
system according to a specific embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0054] A fall detection system 2 according to an em-
bodiment of the invention is shown in Fig. 5. In this em-
bodiment of the invention, the fall detection system 2
comprises a user device 4 that is designed to be worn or
carried by a user.
[0055] The user device 4 is preferably in the form of a
pendant that is worn on a cord or chain around the user’s
neck, but it will be appreciated that the user device 4 is
not limited to this form factor, and it is possible that the
user device 4 could instead be designed to be worn at
the user’s wrist or waist, on their chest or back, or carried
in their pocket.
[0056] The user device 4 comprises one or more move-
ment sensors for obtaining measurements of the move-
ments of the user. The one or more movement sensors
6, 8 typically includes at least an accelerometer 6 for

measuring the accelerations experienced by the user,
and in this exemplary embodiment, the user device 4
also comprises an air pressure sensor 8 that obtains
measurements of air pressure that can be processed to
determine the height (altitude) or change in height of the
user. The one or more movement sensors 6, 8 are con-
nected to a processing unit 10. The processing unit 10
receives measurements from the movement sensors 6,
8, and processes the measurements to determine if the
user of the fall detection system 2 has suffered a fall. The
processing unit 10 also controls the operation of the user
device 4.
[0057] It will be appreciated that the accelerometer 6
measures the accelerations experienced by the user de-
vice 4, and the processing unit 10 can analyse the ac-
celerations to identify impacts, determine the speed,
change in orientation and/or change in position or height
of the user device 4. In certain embodiments, the
processing unit 10 can also process the signal from the
accelerometer 6 to detect the performance of predeter-
mined gestures (i.e. movements) by the user with the
user device 4 (for example shaking the user device 4,
moving it in an oscillating motion, a circle, Fig. of 8, etc.).
The signal from the air pressure sensor can be analysed
by the processing unit 10 to determine the height and/or
change in height of the user device 4.
[0058] It will be appreciated that although two move-
ment sensors are shown in this embodiment, fall detec-
tion systems according to alternative embodiments may
comprise only one movement sensor (for example just
the accelerometer 6 with the air pressure sensor 8 being
omitted). In yet further embodiments, the user device 4
can comprise a gyroscope and/or magnetic field sen-
sor(s) in addition or alternatively to the air pressure sen-
sor 8.
[0059] The user device 4 also comprises transmitter
or transceiver circuitry 12 that allows the user device 4
to transmit an alarm signal to a remote call centre or the
emergency services in the event a fall is detected. The
transmitter or transceiver circuitry 12 can be configured
to communicate with a base station associated with the
user device 4 (which can then issue an alarm or summon
help from a healthcare provider or the emergency serv-
ices) or via a public telephone network (such as a mobile
telecommunications network) to a remote station (for ex-
ample located in call centre of a healthcare provider).
Where the transmitter or transceiver circuitry 12 is con-
figured to communicate with a base station, the circuitry
12 may be configured according to any known wireless
technology, for example Wi-Fi, Bluetooth, Zigbee, Near
Field Communication (NFC), etc. Where the transmitter
or transceiver circuitry 12 is also or alternatively provided
to enable communications with a public telephone net-
work, such as a mobile telephone network, the circuitry
12 may be also or alternatively configured for use with
any suitable type of second-, third- or fourth-generation
communication network, including GSM, WCDMA, LTE,
etc. Also, although not shown in Fig. 5, the user device
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4 may comprise a loudspeaker and/or microphone for
enabling a user to communicate with the healthcare pro-
vider or the emergency services.
[0060] The user device 4 also comprises a memory
module 14 that is connected to the processing unit 10
and that can store measurement data from the movement
sensors 6, 8, and/or computer readable code for use by
the processing unit 10.
[0061] It will be appreciated that the memory module
14 may only store the latest measurement data or the
measurement data from predefined periods of time.
[0062] Optionally, the user device 4 can include a user
interface 16 that provides information to the user and/or
allows the user to interact or control the user device 4.
The user interface 16 can comprise user input compo-
nents, such as buttons, keys, switches, trackballs, touch
screens or a microphone; and/or user feedback compo-
nents, such as a speaker, lights, LEDs, a display or a
vibration device (for providing tactile feedback to the us-
er). In some embodiments, the user interface 16 com-
prises at least a dedicated button for the user to press to
request help in an emergency (this button is sometimes
known as a personal help button).
[0063] The user device 4 also comprises a power
source 18, such as a battery that provides power to the
components of the user device 4.
[0064] In alternative embodiments to that shown in Fig.
1, the fall detection system 2 can further comprise a base
unit that can be located in the home of the user and that
communicates wirelessly with the user device 4. The
base unit may also act as a charging station for the user
device 4. The base unit may comprise circuitry for ena-
bling communications between the user and a remote
call centre (such as the emergency services) via a public
switched telephone network and/or a mobile communi-
cations network, and/or may provide a connection to the
Internet. In some implementations of this system 2, the
processing and operations according to the invention can
be performed by the processing unit 10 in the user device
4, with the base unit being provided merely to facilitate
communications with the remote call centre/emergency
services/Internet. In alternative implementations, the us-
er device 4 can communicate the measurements ob-
tained by the movement sensors 6, 8 to the base unit,
and a processing unit in the base unit can perform the
processing and operations according to the invention us-
ing the measurements. This latter embodiment has the
advantage that the power consumption of the user device
4 can be substantially reduced.
[0065] In yet further embodiments, the user device 4
of the fall detection system 2 can be configured to connect
to another electronic device belonging to the user, such
as a computer, laptop, tablet or smartphone, to enable
the user to control the user device 4 via that electronic
device. In these embodiments, the connection can be
established using any known wireless technology, for ex-
ample Wi-Fi, Bluetooth, Zigbee, Near Field Communica-
tion (NFC), etc. In these embodiments, the use of another

electronic device to control the user device 4 can replace
the need for a user interface 16 to be included in the user
device 4 (apart from perhaps a single personal help but-
ton). In these embodiments, the other electronic device
could also be used to process the movement measure-
ments to detect a fall rather than the user device 4 to
reduce the power consumption of the user device 4.
[0066] In some embodiments, a remotely-located cli-
nician or other healthcare provider can interact with the
user via the user device 4. For example, the clinician or
healthcare provider may contact the user via the trans-
ceiver circuitry 12 in the user device 4 and advise the
user they should perform a fall risk assessment or take
some medication.
[0067] In some implementations the processing unit
10 in the user device 4 determines if the user has suffered
a fall using a fall detection algorithm by extracting values
for a feature or various features that are associated with
a fall from the movement sensor measurements. For ex-
ample, the accelerations and air pressure changes ex-
perienced by the user device 4 are measured using the
accelerometer 6 and air pressure sensor 8, and these
measurements are analysed by the processing unit 10
to determine whether the user has suffered a fall.
[0068] A fall can be broadly characterised by, for ex-
ample, a change in altitude of around 0.5 to 1.5 metres
(the range may be different depending on the part of the
body that the user device 4 is to be worn and the height
of the user), culminating in a significant impact, followed
by a period in which the user does not move very much.
Thus, in order to determine if a fall has taken place, the
processing unit 10 can process the sensor measure-
ments to extract values for features including one or more
of a change in altitude (which can be derived from the
measurements from the air pressure sensor 8, but can
also or alternatively be derived from the measurements
from the accelerometer 6, for example if the air pressure
sensor 8 is not present), a maximum activity level (i.e.
an impact) around the time that the change in altitude
occurs (typically derived from the measurements from
the accelerometer 6) and a period in which the user is
relatively inactive following the impact (again typically de-
rived from the measurements from the accelerometer 6).
It will be appreciated that other features can further im-
prove the detection algorithm. For example, the detection
of a change in orientation upon falling can improve the
likelihood that the signal is due to a fall.
[0069] A fall by the user can be identified where a sub-
set or all of the above features are identified in the meas-
urements. In other words, a fall may be identified where
any one or more of the required height change, impact
and inactivity period are detected in the measurements.
[0070] As discussed below, the fall detection system
2 uses a fall detection algorithm that processes the fea-
tures (e.g., height change, impact, orientation, etc.) de-
rived from the measurements from the movement sen-
sor(s) 6, 8 to determine if the user has fallen. In some
embodiments, when full fall detection processing is car-
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ried out, it is determined whether the set of feature values
is in a (multidimensional) region corresponding to a fall.
Preferably, a value indicating the likelihood of a fall is
determined for the set of feature values, and this likeli-
hood is compared to a threshold to determine if a fall has
occurred. Alternatively, each individual feature value can
be compared to a respective threshold, and a fall detect-
ed if a certain number of features exceed their threshold
value.
[0071] In another (preferred) alternative, the fall detec-
tion algorithm can be executed in stages, with the move-
ment sensor measurements being continuously evaluat-
ed by a light-weight (in processing terms) algorithm in a
first stage to detect a potential fall incident (with a poten-
tial fall being indicated, for example, by an impact of suf-
ficient magnitude being detected or a change in height
downwards greater than a predetermined amount). If a
potential fall incident is detected, a ’trigger’ is generated.
If a trigger is generated, the movement sensor measure-
ments around the time instant in the measurements that
the trigger was found are evaluated in the second stage.
In this stage several features are computed. For exam-
ple, height change, orientation change, vertical velocity,
and impact can be computed. Each of these feature val-
ues may be compared to a threshold, and if the compar-
ison of the feature values to the thresholds is not con-
sistent with a fall, then the second stage fall detection
processing is stopped and light-weight processing of the
movement sensor measurements is resumed.
[0072] If the comparison of the feature values to the
thresholds is consistent with a fall (or if there is no com-
parison of the feature values to thresholds at this stage,
a third processing stage is entered. In this third stage,
the computed feature values are evaluated by a classi-
fier, for example a Naive Bayesian Classifier (NBC). The
classifier has been trained on general population fall data
and/or user specific fall and activity data. This third stage
can be seen as a (second) thresholding test - with the
difference from the second stage being that the set of
feature values is compared to a single threshold rather
than comparing the feature values to respective thresh-
olds. Since the classifier outcome is binary (i.e. a fall or
non-fall), it is usually called a detector. If a fall is detected,
a fourth optional stage can be entered, e.g. in which a
decision can be made as to whether to revoke a fall alarm
or to test the feature set for exceptional situations such
as an accidental drop of the device (in some cases the
exceptions might also be tested in an earlier stage in the
sequence, preceding the second or third stage).
[0073] The behaviour of the overall fall detection algo-
rithm (or just the third stage alone) can be evaluated
through a ROC curve. A likelihood can be assigned to
the set of feature values representing how likely it is that
the set of values corresponds to a fall. Likewise, a likeli-
hood can be assigned to the set representing how likely
it is that the set of values corresponds to a non-fall (it
should be noted that these two likelihoods are not com-
plementary, i.e. they do not necessarily sum to 1). The

ratio of the two likelihoods is the likelihood ratio, the log-
arithm of which is known as the log likelihood ratio (LLR).
[0074] In the third processing stage described above,
the classification (detection of a fall) comprises compar-
ing the LLR for the set of feature values to a threshold.
If the threshold is exceeded a fall is detected, otherwise
the event is classified as a non-fall. A low threshold will
make detection of falls more likely (corresponding to a
fall detection algorithm with high or higher sensitivity),
however at the cost of an increased rate of false alarms
(low specificity). A high threshold will raise the specificity,
however at the cost of missing falls (corresponding to a
fall detection algorithm with reduced sensitivity). The
ROC curve plots these numbers against each other,
where the threshold is varied as a parameter.
[0075] It will be noted from the discussion in the Sum-
mary section above that it is not possible to configure the
fall detection algorithm to operate at an optimum point
on the ROC curve for all users and in all situations, so
the invention provides that the sensitivity of the fall de-
tection algorithm is adapted using contextual information
about the user and/or the user’s environment.
[0076] The fall detection algorithm will have a default
or normal sensitivity level (i.e. a default or normal point
on the ROC curve) that may be common to all users, or
a default or normal sensitivity level that is specific to the
user, which can be calibrated to the user based on fall
risk assessments performed by the user when the system
2 is first set up and/or on user characteristics, and/or
which can be adjusted over the long term based on re-
peated fall risk assessments. The default or normal sen-
sitivity level is the sensitivity level used when the user is
at their default or normal risk of falling.
[0077] In accordance with the invention, where the
contextual information about the user and/or the user’s
environment indicates that the user is temporarily at an
increased risk of falling (i.e. relative to the normal risk of
falling for the user), the sensitivity of the fall detection
algorithm is increased to improve the chances of a fall
by the user being detected. In some embodiments, the
contextual information about the user and/or the user’s
environment can be further examined to determine if the
user is temporarily at a reduced risk of falling (i.e. relative
to the normal risk of falling for the user) or if the user is
engaging in an activity that is more likely to generate false
alarms, in which case the sensitivity of the fall detection
algorithm can be temporarily reduced to decrease the
chance of a false alarm being issued.
[0078] The flow chart in Fig. 6 illustrates an exemplary
method of operating a fall detection system according to
the invention in which the sensitivity of the fall detection
algorithm is increased while the contextual information
indicates that the user is at an increased risk of falling.
Those skilled in the art will appreciate that similar steps
can be used in the further embodiments where the sen-
sitivity of the fall detection algorithm is reduced if the con-
textual information indicates that the user is at a lower
risk of falling. Fig. 7 is a functional block diagram illus-
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trating the operation of the invention according to an ex-
emplary embodiment. It will be appreciated that while the
method of Fig. 6 is being performed, the fall detection
system 2 is measuring the movements of the user from
the movement sensors 56 and continuously or periodi-
cally processing them using the fall detection algorithm
54 to determine if the user has fallen.
[0079] In step 101, context information about the user
and/or their environment is determined by the processing
unit 10. The way in which the context information is de-
termined depends on the particular type of context infor-
mation and will be briefly described below. The context
information can comprise any one or more of: an indica-
tion of whether the user is performing a fall risk assess-
ment test or balance training, an indication of whether
the user is walking, an indication of whether an unusual
movement pattern for the user has been detected, infor-
mation indicating the location of the user, information on
the environment around the user, an indication of the
current time and/or an indication of the activity level of
the user (which can comprise the activity level of the user
at that time point or the activity profile over a period of
time, such as an hour or day).
[0080] In step 103, it is determined whether the context
information indicates that the user is currently at a higher
risk of falling. If the context information does not indicate
that the user is at a higher risk of falling, then the method
returns to step 101 and further/new context information
is determined.
[0081] If any of the context information indicates that
the user is currently at a higher risk of falling, the sensi-
tivity of the fall detection algorithm (represented by block
54 of Fig. 7) is increased in order to reduce the chances
of a fall not being detected. The way in which the sensi-
tivity of the fall detection algorithm is increased depends
on the nature of the fall detection algorithm being used.
Where each of the derived feature values are compared
to respective thresholds, increasing the sensitivity of the
algorithm can comprise adjusting one or more of the
thresholds to make a positive fall indication more likely.
Where the set of feature values is compared to a thresh-
old, or a likelihood value for the set of feature values is
compared to a threshold, increasing the sensitivity of the
algorithm can comprise adjusting the threshold value to
make detection of falls more likely (i.e. reducing the
threshold if a likelihood value over the threshold indicates
a fall). Where a LLR is derived and compared to a thresh-
old value, adjusting the sensitivity of the algorithm com-
prises adjusting the operating point on the ROC curve
(resulting in the use of a different (lower) threshold value.
Alternatively, the memory module 14 can store different
configurations of the fall detection algorithm with each
configuration having a known position on the ROC curve,
and step 105 can comprise determining a required op-
erating point on the ROC curve and selecting the appro-
priate fall detection algorithm to use. Alternatively, where
the fall detection algorithm is in the form of a state ma-
chine, increasing the sensitivity of the fall detection algo-

rithm can comprise using a different feature in the first
(trigger) stage, and/or adjusting the threshold that the
trigger feature is compared to, and/or adjusting the
thresholds used in the second stage.
[0082] The increase in the sensitivity of the fall detec-
tion algorithm in step 105 is temporary and only lasts
while the user is at the higher risk of falling. Once the
user’s risk of falling returns to a normal level (for the user
or for an average user) or a default level, the sensitivity
of the fall detection algorithm is reset to the previous sen-
sitivity level. In alternative implementations, the sensitiv-
ity of the fall detection algorithm can be returned to near
its previous sensitivity. This is illustrated in steps 107-111
of Fig. 6.
[0083] Thus, in step 107, further context information
about the user and/or the user’s environment is deter-
mined. This context information is determined in the
same way as in step 101. In some cases, step 107 can
comprise monitoring for changes in the context informa-
tion.
[0084] In step 109 it is determined from the context
information determined in step 107 whether the user is
still at a higher risk of falling. If the user is still at the higher
risk of falling, the method returns to step 107 and further
context information is determined.
[0085] If the context information indicates that the user
is no longer at a higher risk of falling, the method moves
to step 111 in which the sensitivity of the fall detection
algorithm is reset back to the original sensitivity (i.e. the
sensitivity used prior to step 105). The method then re-
turns to step 101.
[0086] The processing performed in steps 103-111 is
represented by functional block 52 in Fig. 7. Following
execution of the fall detection algorithm 54, an alarm 58
can be triggered if a fall is detected.
[0087] It will be appreciated that in some implementa-
tions, the operations of multiple steps in Fig. 6 can be
combined into a single step. For example, steps 101 and
107 can be combined, steps 103 and 109 can be com-
bined and/or steps 105 and 111 can be combined.
[0088] It will be appreciated that steps 103 and 105
can comprise processing the determined context infor-
mation to modify the ROC-curve using a Bayesian net-
work. An exemplary Bayesian network is shown in Fig.
8. The network includes different nodes, each represent-
ing a different risk factor. All nodes contribute to the root
node, which holds the fall risk. There are different types
of risks. These are reflected in the hierarchy of the tree.
In this exemplary figure, three main classes can be seen
to be modelled. They are sensor data obtained from ob-
serving the user, short term context information like cur-
rent lighting conditions, and long term health conditions
like chronic diseases and history of falls. The arrows in
the network hold the conditional probabilities for the val-
ues of the arriving node given the value(s) of the depart-
ing node(s). In this way, the probability of the fall_risk is
expressed by the joint of the factors represented by the
other nodes. The leaf nodes are assigned with a default
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value, which is the prior probability (the most commonly
encountered value for this population in practice). When
the value is known, this is assigned to the node replacing
the default. It can also happen that the value of an inter-
mediate node is known. Then this value is assigned (as
well). As a consequence of such a value change, the
value at the other nodes will also change. This update
happens according to the given conditional probabilities.
Efficient algorithms to perform the updating are known
in the art. As is also known in the art, a Bayesian Network
can advantageously be designed with the arrows in op-
posite direction, i.e. reversing the "cause" and "effect"
nature of the nodes. This helps to reduce the complexity
of the network (leading to faster updating) as well as help-
ing to arrive at the prior and conditional probability values.
[0089] In some embodiments, the user will have a cer-
tain fall risk for the common, daily situation. When the
user engages in an exercise to improve their balance,
for example, the corresponding node (not present in the
figure, but similar to the "lighting conditions" one) would
be assigned another value, and the effect will propagate
to the fall_risk node, which in turn would drive the output
54 in Fig. 7, possibly after some additional processing to
convert the fall risk value into a ROC operating point (e.g.
LLR threshold). As explained above, the detection of "en-
gaging in exercise" may also immediately drive output
54. The Bayesian Network can be advantageous if, for
example, in addition to the changing context node, other
additional nodes modify, e.g. during part of the exercis-
ing.
[0090] As noted above, in exemplary embodiments,
the context information determined in step 101 can com-
prise any one or more of: an indication of whether the
user is performing a fall risk assessment test or balance
training, an indication of whether the user is walking, an
indication of whether an unusual movement pattern for
the user has been detected, information indicating the
location of the user, information on the environment
around the user, an indication of the current time and/or
an indication of the activity level of the user.
[0091] Where the context information comprises an in-
dication of whether the user is performing a fall risk as-
sessment test or balance training, the fall detection sys-
tem 2 can determine this context information in a number
of different ways. For example, a user may interact with
the system 2 at the start of the assessment test or balance
training to indicate that a test or training is to start (this
may particularly be the case where the fall detection sys-
tem 2 is also used as part of the assessment test or to
monitor the balance training. The interaction may com-
prise the user performing a predefined gesture with the
user device 4, pressing a button on the user device 4, or
selecting an option within a menu-based user interface.
Alternatively, a care provider for the user can provide an
input or signal to the system 2 indicating that the assess-
ment test or training is to start. In some cases, the as-
sessment test or balance training may take a preconfig-
ured amount of time (in which case the end point is

known), but in other cases the user or care provider can
perform another interaction with the system 2 to indicate
that the test or training is complete. Alternatively, the
completion of the test or training can be detected from
processing of the measurements from the movement
sensors. It will be appreciated that when a user is per-
forming a fall risk assessment test, balance training or
other exercises, their physical abilities are being tested
and pushed close to their limits, which puts the user at a
higher risk of falling during the test or training. Thus, when
the context information determined in step 101 indicates
that the user is performing a fall risk assessment test or
balance training or other exercises, it is determined in
step 103 that the user is at a higher risk of falling and the
sensitivity of the fall detection algorithm is increased in
step 105. Once the context information indicates that the
user has completed or otherwise finished the test or train-
ing, the sensitivity of the fall detection algorithm can be
reduced or reset to the previous setting.
[0092] Where the context information comprises an in-
dication that the user is walking, the processing unit 10
can determine whether the user is walking by processing
the measurements from the movement sensors 6, 8 to
identify a pattern consistent with walking (such as regular
heel-strikes, etc). Techniques for processing movement
sensor measurements to identify walking patterns are
known in the art and will not be described further herein.
Alternatively or in addition, if the fall detection system 2
includes some form of location tracking function (for ex-
ample a satellite positioning system receiver), an indica-
tion that the user is walking can be inferred from changes
in the location of the user over time. Walking increases
the risk of falling for a user, and therefore when the con-
text information indicates that the user is walking, the
user is deemed to be at a higher risk of falling (step 103)
and therefore the sensitivity of the fall detection algorithm
is increased while the user is determined to be walking.
If the processing unit 10 determines that the user is no
longer walking, the user’s fall risk is therefore lower and
the sensitivity of the fall detection algorithm can be re-
duced or reset to the previous setting.
[0093] Where the context information comprises an in-
dication of whether an unusual movement pattern for the
user has been detected, the processing unit 10 can de-
termine this by processing the measurements from the
movement sensors 6, 8. Unusual movement patterns can
be movement patterns outside the normal range of move-
ments for a user, which may result from the user entering
a new or physically challenging environment (e.g. walk-
ing up a hill or on uneven ground). Unusual movement
patterns outside the normal range could include move-
ments such as slips and trips by the user. It has been
shown that mis-steps (including near falls or trips and
slips) are more prevalent then falls and it has been sug-
gested that near falls could be a valid proxy for fall risk
(Srygley, J. M., T. Herman, et al. (2009). "Self-report of
missteps in older adults: a valid proxy of fall risk?" Ar-
chives of Physical Medicine and Rehabilitation 90(5):

17 18 



EP 3 043 709 B1

11

5

10

15

20

25

30

35

40

45

50

55

786-792.). Machine learning algorithms can be used to
learn the typical movement characteristics of an individ-
ual user. Disturbances on these characteristic move-
ments (i.e. movement patterns outside the normal range)
can be quantified in order to identify near falls. Unusual
movement patterns outside the normal range can also
occur when walking quicker than normal (e.g. when the
user is rushing to catch a bus), when walking the dog (for
example if the dog suddenly pulls on the lead). Unusual
movements patterns might also include picking up an
object from the ground if this movement is infrequently
performed by that user. In some implementations, an un-
usual movement pattern can be any movement or activity
that the user rarely or never performs in their daily routine.
During an unusual movement pattern the user is consid-
ered to be at a higher risk of falling, and therefore the
sensitivity of the fall detection algorithm is increased.
Once the processing unit 10 determines that the unusual
movement patterns are no longer present in the user’s
movements (i.e. the user is no longer performing the un-
usual movement pattern), the sensitivity of the fall detec-
tion algorithm can be reduced or reset to the previous
setting.
[0094] Where the context information comprises infor-
mation indicating the location of the user, this information
can be provided by a location tracking function in the fall
detection system 2, such as a satellite positioning system
receiver and/or an indoor location tracking system. The
processing unit 10 can interpret the location information
provided by the receiver or indoor tracking system to de-
termine some context for the location, such as the loca-
tion is the user’s home, a hospital, the shops, etc., and/or
the part of their home the user is in, e.g. lounge, bath-
room, stairs, etc. Alternatively or in addition, the process-
ing unit 10 can determine if the location of the user co-
incides with a location in which the user or other users
have previously fallen (with a match with one of those
locations indicating that the user may be at a higher risk
of falling). A user may be at a higher risk of falling when
in unfamiliar locations (e.g. shops), when outdoors,
and/or in particular parts of their house, e.g. in the bath-
room (where it may be wet and slippery) or on the stairs,
and therefore if the context information indicates that the
user is at a known location where there is a higher risk
of falling, the sensitivity of the fall detection algorithm will
be increased while the user is at that location. When the
user moves into a location where there is a lower or nor-
mal risk of falling, the sensitivity of the fall detection al-
gorithm can be reduced or reset to the previous setting.
[0095] Where the context information comprises infor-
mation on the environment around the user, this infor-
mation can include any of an indication of the ambient
light in the user’s location (with low light levels leading to
the user being at a higher risk of falling due to impaired
visibility) which can be measured using a light sensor in
the fall detection system 2, an indication of how even or
uneven the ground is (including whether there is a slope
or stairs), an indication of the current weather or temper-

ature (e.g. with rain or icy conditions leading to the user
being at a higher risk of falling), an indication of the am-
bient noise level (e.g. with higher ambient noise levels
increasing the risk that the user can become disorientat-
ed or confused thus placing the user at a higher risk of
falling), etc. If the context information on the environment
around the user indicates that there is low lighting, the
ground is uneven, it is raining or icy, and/or it is particularly
noisy, then the user is at a higher risk of falling, and the
sensitivity of the fall detection algorithm can be increased
in step 105. If the context information subsequently indi-
cates that there is good lighting in the environment, the
ground is relatively even, it is no longer wet, raining or
icy, and/or it is not particularly noisy, the sensitivity of the
fall detection algorithm can be reduced or reset to the
previous sensitivity.
[0096] Where the context information comprises an in-
dication of the current time, this can be provided by an
internal clock in the processing unit 10. The user may be
at a higher risk of falling during certain times of the day,
for example at night time or shortly before or after taking
a scheduled dose of medication, and therefore step 103
can comprise comparing the current time to a predeter-
mined medication schedule and/or to a range of times
when the user is deemed to be at a higher risk of falling.
[0097] Where the context information comprises an in-
dication of the activity level of the user, the processing
unit 10 can determine the activity level from the meas-
urements from the movement sensors 6, 8. Techniques
for determining an activity level from movement sensor
measurements are known in the art and will not be de-
scribed in detail herein. The activity level can be deter-
mined for the user at that time point (i.e. when step 103
is performed) or an activity profile for a period of time,
such as an hour or day, can be determined from the
measurements from the movement sensors 6, 8. The
user may be at a higher risk of falling when more active,
so step 103 can comprise comparing the determined ac-
tivity level to a threshold, and determining that the user
is at a higher risk of falling if the activity level is above
the threshold. In that case, the sensitivity of the fall de-
tection algorithm can be increased while the user is par-
ticularly active. Once the user’s activity level falls below
the threshold, the sensitivity of the fall detection algorithm
can be reduced or reset to the previous setting. In some
embodiments, if an activity profile is determined, the ac-
tivity profile can be compared to activity profiles deter-
mined for previous periods of time to determine if the
user is more active than usual or fatigued (for example
following a period of time in which the user has been
more active than usual or otherwise particularly active),
and if the comparison indicates that the user is more ac-
tive than usual or fatigued, the sensitivity of the fall de-
tection algorithm can be temporarily increased until the
activity profile returns to the usual level.
[0098] In some embodiments, the context information
can include or be an indication of the variability in the
walking pattern of the user, since variability in the walking
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pattern can be affected by fatigue (as described in "Phys-
ical Fatigue Affects Gait Characteristics in Older Per-
sons" by Helbostad et al., Journal of Gerontology: Med-
ical Sciences, 2007, Vol 62A, No. 9, 1010-1015), with
the sensitivity of the fall detection algorithm being in-
creased if the context information indicates that the user
is fatigued.
[0099] The context information can also or alternatively
include other information about the user, such as an in-
dication of whether the user is making use of a walking
aid such as a walking stick or frame (if the user is typically
required to use this type of walking aid), an indication of
whether the user is wearing glasses (if the user should
normally wear glasses), and/or an indication of the type
of shoes the user is wearing. If the context information
indicates that the user is not using a required walking
aid, not wearing their glasses and/or not wearing their
regular or the correct shoes the user’s fall risk is in-
creased and the sensitivity of the fall detection algorithm
can be increased accordingly. Those skilled in the art will
be aware of various techniques and sensors that can be
used to determine if the user is making use of a walking
aid, wearing their glasses or wearing the correct shoes.
[0100] In the embodiments where the sensitivity of the
fall detection algorithm is reduced if the context informa-
tion indicates that the user is temporarily at a lower risk
of falling or if the user is engaging in an activity that is
more likely to generate false alarms, such context infor-
mation can indicate, for example, that the user is playing
a sport or performing an activity where there are many
bending, impact-like and/or ground touching movements
(e.g. playing golf, gardening, etc.).
[0101] A specific embodiment of the invention is illus-
trated by the flow chart in Fig. 9. In this embodiment, the
context information includes an indication of whether the
user is performing a fall risk assessment test and whether
the user is performing a high risk activity (e.g. walking,
walking on uneven ground, walking up or down stairs,
moving in the bathroom, etc.). In this embodiment the
sensitivity of the fall detection algorithm is increased
while the contextual information indicates that the user
is at an increased risk of falling. Those skilled in the art
will appreciate that a similar method can be used where
the sensitivity of the fall detection algorithm is further to
be reduced while the contextual information indicates
that the user is at a lower risk of falling. In this embodiment
the fall detection system 2 is also configured to conduct
the fall risk assessment test and consequently the system
2 is configured to operate in three different modes. The
first mode is a fall detection mode in which the system 2
processes the measurements from the movement sen-
sors 6, 8 to detect a fall as described above. The second
mode is a fall risk assessment data collection mode which
is entered when the user starts the fall risk assessment
(which in this embodiment is indicated to the system 2
by the user performing a predefined gesture with the user
device 4, such as shaking the device 4, moving the device
4 in a predefined pattern, or pressing a button on the

device 4) and in which the system 2 stores the measure-
ments from the movement sensors 6, 8 in the memory
module for subsequent analysis. During the fall risk as-
sessment, the user performs certain movements and/or
exercises for the purposes of assessing fall risk. The end
of the fall risk assessment data collection mode can be
indicated to the system 2 by the user (for example by
performing another or the same predefined gesture with
the user device 4 or by pressing the or another button),
or the data collection mode can be ended after a prede-
termined time period. After completing the data collection
mode, the system 2 returns to operating in the fall detec-
tion mode. The third mode is a fall risk data analysis mode
in which the movements measured and stored during the
fall risk assessment data collection mode are analysed
to determine or estimate the fall risk for the user. The
data analysis mode can be entered automatically on
completion of the data collection mode, or it can be en-
tered at a predetermined time or in response to an input
from the user (for example as indicated by the user per-
forming another gesture with the user device 4 or press-
ing another button). After completing the data analysis
mode, the system 2 returns to operating in the fall detec-
tion mode.
[0102] While the user device 4 is operating in the data
collection mode and storing the movement measurement
data collected during the fall risk assessment and oper-
ating in the data analysis mode and determining the fall
risk, the user device 4 is preferably still processing the
measurements of the movement of the user in real-time
or near real-time in order to determine if the user has
fallen (the same as if the user device 4 was operating in
the fall detection mode). If the fall detection system 2
detects a fall while in the data collection mode or data
analysis mode, an alarm is triggered in the normal way
(i.e. as if the system 2 was operating in the fall detection
mode).
[0103] There are a number of different movement(s)
and/or exercise(s) that the user could perform as part of
a fall risk assessment. Each movement or exercise can
test the user’s walking ability, their balance, strength or
reaction time, or any combination of these. Examples of
suitable movement(s) and/or exercise(s) include the user
standing still in various ways (e.g. feet together, near
tandem, tandem, one leg, etc.), walking, a sit-to-stand
transfer (i.e. standing up from a sitting position), a timed-
up-and-go test (i.e. timing how long it takes the user to
stand up, walk a certain distance and then return to a
sitting position on the chair), and a reaction test involving
timing how long it takes the user to react to a visual and/or
audible stimulus from the user device 4, picking up an
object from a low level (e.g. the floor), or turning around
some predetermined angle (e.g. 360 degrees). Each of
these movements or exercises can be performed by the
user with different levels of difficulty to provide a better
indication of the fall risk of the user. These movements
and exercises are also typically included as part of a fall
prevention exercise program to help the user reduce their
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risk of falling over time.
[0104] The use of these movement(s) and/or exer-
cise(s) in assessing fall risk are known in the art, as are
techniques for identifying them in measurements of the
movement of a user and for analysing how well the user
has performed them, so detailed techniques for process-
ing the movement measurements are not provided here-
in.
[0105] A more detailed method of operating a user de-
vice 4 according to an embodiment of the invention is
shown in Fig. 7. In this embodiment, the fall detection
mode comprises two levels of processing. In a first, low
power stage, the processing unit 10 analyses the meas-
ured accelerations for a single easily-detected charac-
teristic of a fall, such as an impact (e.g. an acceleration
greater than a threshold value). This low-power process-
ing can be performed for each new block of measurement
data. If at any time the characteristic is detected, the
processing unit 10 activates the full fall detection
processing and the measurements are processed to de-
tect whether other characteristics of a fall are present,
such as a free-fall, height change, change in orientation,
etc.
[0106] In Fig. 9, the system 2 starts in the fall detection
mode with a standard sensitivity for the fall detection al-
gorithm. The fall detection algorithm comprises a low-
power initial processing stage that looks for a trigger fea-
ture in the movement sensor data and a full processing
stage that is activated when the trigger feature is found.
[0107] For each block of new measurement data (301)
the processing unit 10 checks if a first predefined gesture
is recognized (e.g. turning the device 4 to start or stop
the data collection mode) (303). If the first predefined
gesture is not recognized, the processing unit 10 checks
if the fall detection algorithm should be triggered (305)
(i.e. through processing of the movement data). If not,
the processing unit 10 checks whether a second prede-
fined gesture used to start the data analysis mode is rec-
ognized (e.g. shaking the device 4) (307). If not, the
processing unit 10 checks if the device 4 is already in the
fall risk assessment data collection mode (308). If not,
the user device 4 continues operating in the fall detection
mode (and in particular using the low-power processing
of the measurement data), meaning that no data is stored
in the user device 4, no timers are running, and the full
fall detection algorithm is not running and no stored data
is being analysed to determine fall risk.
[0108] At this stage it is also checked whether the con-
text information indicates that the user is performing a
high risk activity (309). If not, the processing unit 10 re-
turns to 301 and operates on the next block of measure-
ment data. If the context information indicates that the
user is performing a high risk activity, the method moves
to 310 in which the sensitivity of the fall detection algo-
rithm is increased. The increased sensitivity fall detection
algorithm is then used to process the next and subse-
quent blocks of measurement data 301 until the context
information indicates that the user is no longer at an el-

evated risk of falling.
[0109] It will be appreciated that the checks in 303 (for
the first predefined gesture being performed), 305 (for
the fall detection being triggered) and 307 (for the second
predefined gesture being performed) can be performed
in a different order to that shown in Fig. 9. It will also be
appreciated that the checks can be performed at the
same time rather than in series.
[0110] If at 303 the first predefined gesture is recog-
nized, the user device 4 checks whether the device 4 is
already operating in the fall risk assessment data collec-
tion mode (311). If not, the data collection mode is started
and a timer started (312). During the data collection mode
data is stored and the timer is running. As the user is now
performing a fall risk assessment, they are deemed to
be at a higher risk of falling and consequently the sensi-
tivity of the fall detection algorithm is increased (313),
unless the fall detection algorithm is already operating at
a higher sensitivity following 310 above. This increased
sensitivity fall detection algorithm is then used in step
305 and subsequent steps to process the movement data
to detect if a fall has occurred. If it is determined at 311
that the user device 4 is already in the data collection
mode, the data collection mode is stopped and the timer
deactivated (314). As the data collection mode has now
ended, the user is assumed to no longer be performing
the exercises or movements and consequently is not
deemed to be at the higher risk of falling. Therefore the
sensitivity of the fall detection algorithm can be reduced
back to (or near to) the standard sensitivity (315). The
method then continues from step 305.
[0111] If at 305 it is determined that the full fall detection
algorithm is required then the processing unit 10 proc-
esses the measurements to determine if the user has
fallen (317 and 319). If a fall is detected, the measure-
ment data relating to the fall can be stored for later anal-
ysis, an alarm can be triggered and help requested from
a call centre or emergency service (321).
[0112] In some embodiments, feedback can be provid-
ed to the fall detection system 2, for example from the
service centre indicating whether the detected fall was
an actual fall or a false alarm (322). This indication can
be provided by personnel in the service centre following
a conversation between the personnel and the user. Al-
ternatively or in addition, feedback about whether the fall
was an actual fall can be determined by the system 2
itself in response to a user pressing a button to revoke
the alarm and/or by the system 2 detecting whether the
user has stood up and/or is ’normally’ active following a
detected fall. After, 322, the data collection mode (or data
analysis mode if active) is stopped (323) and any timer
stopped. The sensitivity of the fall detection algorithm
may then be adjusted (e.g. increased or decreased)
based on whether the detected fall was an actual fall by
the user. The device 4 then operates on the next block
of measurement data (301).
[0113] If no fall is detected at 319 or the full fall detection
processing is not triggered at 305, then the processing
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unit 10 checks for the second predefined gesture (307).
If the second predefined gesture is recognized in the
measurement data, then the user device 4 operates in
the data analysis mode (325) in which all data stored
during the or any data collection mode since the last time
the data analysis mode was performed is processed to
determine the fall risk. If the data analysis mode is acti-
vated in 325, the data collection mode (if still active) is
switched off and any running timer stopped (323). In that
case, the sensitivity of the fall detection algorithm will
then be reduced back to a normal level (310)
[0114] If the second predefined gesture is not recog-
nised at 307, but at 308 the data collection mode is de-
termined to be active, then it is checked at 327 whether
the timer has expired (i.e. it is checked whether the time
elapsed since the start of the data collection has reached
a threshold value). If the timer has expired, then the data
collection mode is deactivated (323). The sensitivity of
the fall detection algorithm is then reduced or returned
to the normal sensitivity level. If the timer has not yet
expired, then the block of data received at 301 is stored
(329).
[0115] After the data analysis mode is completed there
will be a new or updated fall risk score for the user, and
the sensitivity of the fall detection algorithm can be ad-
justed as appropriate based on the new or updated fall
risk score.
[0116] The process then repeats for the next block of
measurement data (301). The next block of measure-
ment data may be contiguous with the previous block of
measurement data (i.e. with no gaps between the blocks
of data), non-contiguous with the previous block of meas-
urement data or overlapping with the previous block of
measurement data (e.g. the oldest sample or set of sam-
ples in the previous block of data can be discarded and
a new sample or set of samples added to the remaining
samples to form the next block of measurement data).
Non-contiguous blocks of measurement data may be
used where, for example, little or no movement is detect-
ed in the previous block of measurement data (e.g. be-
cause the user is lying or sitting down), which reduces
the power consumption of the user device 4.
[0117] Although not shown in Fig. 9, if at any point a
personal help button on the user device 4 is pressed by
the user, the process moves straight to 321 and an alarm
is triggered and help requested for the user by the user
device 4.
[0118] There is therefore provided a system and meth-
od that enables falls to be more reliably detected when
the user is engaging in a higher risk activity or their en-
vironment places them at a higher risk of falling, while
largely keeping the occurrence of false alarms to a min-
imum.
[0119] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. The inven-

tion is defined by appended claims 1-14.

Claims

1. A fall detection system (2) for use in detecting falls
by a user, the fall detection system (2) comprising:
a processing unit (10) configured to:

determine context information about the user
and/or the environment in which the user is lo-
cated;
temporarily increase the sensitivity of a fall de-
tection algorithm used to detect falls by a user
in the event that the determined context infor-
mation indicates that the user is currently at an
increased risk of falling, the temporary increase
in sensitivity occurring while the increased risk
of falling is indicated by the determined context
information;
determine further context information about the
user and/or the environment in which the user
is located; and
reset or reduce the sensitivity of the fall detection
algorithm if the further context information indi-
cates that the user is no longer at an increased
risk of falling.

2. A fall detection system (2) as claimed in claim 1,
wherein the context information comprises an indi-
cation of whether the user is performing a fall risk
assessment test or balance training; and the
processing unit (10) is configured to determine that
the user is currently at an increased risk of falling if
the context information indicates that the user is per-
forming a fall risk assessment test or balance train-
ing.

3. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of whether the user is walking, and the
processing unit (10) is configured to determine that
the user is currently at an increased risk of falling if
the context information indicates that the user is
walking.

4. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of whether an unusual movement pat-
tern for the user has been detected, and the process-
ing unit (10) is configured to determine that the user
is currently at an increased risk of falling if the context
information indicates an unusual movement pattern.

5. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of the current location of the user, and
the processing unit (10) is configured to determine
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that the user is currently at an increased risk of falling
if the current location of the user is a known location
where the user is at a higher risk of falling.

6. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information about the
environment in which the user is located comprises
an indication of the ambient light in the user’s loca-
tion, an indication of how even or uneven the ground
is, an indication of the current weather or tempera-
ture and/or an indication of the ambient noise level
and the processing unit (10) is configured to deter-
mine that the user is currently at an increased risk
of falling if the ambient light is below a threshold, if
the ground is uneven, if the weather is wet or the
temperature is below a threshold and/or if ambient
noise level is above threshold.

7. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of the current time, and the processing
unit (10) is configured to determine that the user is
currently at an increased risk of falling if the current
time is within one or more specified time periods.

8. A fall detection system (2) as claimed in claim 7,
wherein the one or more specified time periods com-
prises the night time and/or time periods shortly be-
fore and/or after a scheduled dose of medication.

9. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of whether the user is making use of a
walking aid, whether the user is wearing their glass-
es, and/or an indication of the type of shoes the user
is wearing, and the processing unit is configured to
determine that the user is or may be at an increased
risk of falling if the user is not using a required walking
aid, not wearing their glasses and/or not wearing
their regular or the correct shoes.

10. A fall detection system (2) as claimed in any preced-
ing claim, wherein the context information comprises
an indication of the current activity level of the user,
and the context information indicates that the user
is currently at an increased risk of falling if the current
activity level is above a threshold activity level.

11. A fall detection system as (2) claimed in any preced-
ing claim, wherein the processing unit (10) is further
configured to determine if the context information in-
dicates that the user is or may be at a decreased risk
of falling, and to decrease the sensitivity of the fall
detection algorithm while the decreased risk of falling
is indicated by the determined context information.

12. A method of operating a fall detection system to de-
tect falls by a user, the method comprising:

determining (101) context information about the
user and/or the environment in which the user
is located;
in the event that the determined context infor-
mation indicates that the user is currently at an
increased risk of falling, temporarily increasing
(105) the sensitivity of a fall detection algorithm
used to detect falls by a user while the increased
risk of falling is indicated by the determined con-
text information
determining (107) further context information
about the user and/or the environment in which
the user is located; and
resetting (111) or reducing the sensitivity of the
fall detection algorithm if the further context in-
formation indicates that the user is no longer at
an increased risk of falling.

13. A method as claimed in claim 12, the method further
comprising the step of:

initially operating the fall detection system with
the fall detection algorithm set to a normal sen-
sitivity corresponding to a normal risk of falling
for the user;
wherein when the context information indicates
that the user is or may be at an increased risk
of falling relative to the normal risk of falling for
the user, the sensitivity of the fall detection al-
gorithm is increased above the normal sensitiv-
ity.

14. A computer program product having computer read-
able code embodied therein, the computer readable
code being configured such that, on execution by a
suitable computer or processing unit, the computer
or processing unit performs the method of claim 12
or 13.

Patentansprüche

1. Sturzerfassungssystem (2) für den Gebrauch beim
Erfassen von Stürzen eines Benutzers, wobei das
Sturzerfassungssystem (2) Folgendes umfasst:

eine Verarbeitungseinheit (10), die konfiguriert
ist, um
Kontextinformationen über den Benutzer
und/oder die Umgebung, in der sich der Benut-
zer befindet, zu bestimmen;
vorübergehend die Empfindlichkeit eines Stur-
zerfassungsalgorithmus zu erhöhen, der ver-
wendet wird, um Stürze eines Benutzers für den
Fall zu erfassen, dass die bestimmten Kontext-
informationen angeben, dass sich der Benutzer
aktuell in einer erhöhten Sturzgefahr befindet,
wobei die vorübergehende Erhöhung der Emp-
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findlichkeit auftritt, während die erhöhte Sturz-
gefahr von den bestimmten Kontextinformatio-
nen angegeben wird,
weitere Kontextinformationen über den Benut-
zer und/oder die Umgebung, in der sich der Be-
nutzer befindet, zu bestimmen; und
die Empfindlichkeit des Sturzerfassungsalgo-
rithmus zurückzustellen oder zu verringern, falls
die weiteren Kontextinformationen angeben,
dass sich der Benutzer nicht mehr in einer er-
höhten Sturzgefahr befindet.

2. Sturzerfassungssystem (2) nach Anspruch 1, wobei
die Kontextinformationen eine Angabe umfassen, ob
der Benutzer einen Sturzgefahrbeurteilungstest
oder ein Gleichgewichtstraining ausführt; und die
Verarbeitungseinheit (10) konfiguriert ist, um zu be-
stimmen, dass der Benutzer aktuell in einer erhöhten
Sturzgefahr ist, falls die Kontextinformationen ange-
ben, dass der Benutzer einen Sturzgefahrbeurtei-
lungstest oder ein Gleichgewichtstraining ausführt.

3. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe umfassen, ob der Benutzer geht, und
die Verarbeitungseinheit (10) konfiguriert ist, um zu
bestimmen, dass sich der Benutzer aktuell in einer
erhöhten Sturzgefahr befindet, falls die Kontextinfor-
mationen angeben, dass der Benutzer geht.

4. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe umfassen, ob ein ungewöhnliches Be-
wegungsmuster für den Benutzer erfasst wurde, und
die Verarbeitungseinheit (10) konfiguriert ist, um zu
bestimmen, dass der Benutzer aktuell in einer er-
höhten Sturzgefahr ist, falls die Kontextinformatio-
nen ein ungewöhnliches Bewegungsmuster ange-
ben.

5. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe des aktuellen Orts des Benutzers um-
fassen, und die Verarbeitungseinheit (10) konfigu-
riert ist um zu bestimmen, dass sich der Benutzer
aktuell in einer erhöhten Sturzgefahr befindet, falls
der aktuelle Ort des Benutzers ein bekannter Ort ist,
an dem der Benutzer in einer höheren Sturzgefahr
ist.

6. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
über die Umgebung, in der sich der Benutzer befin-
det, eine Angabe der Umgebungsbeleuchtung an
dem Ort des Benutzers, eine Angabe, wie eben oder
uneben der Boden ist, eine Angabe des aktuellen
Wetters oder der aktuellen Temperatur und/oder ei-
ne Angabe des Umgebungsgeräuschpegels umfas-

sen, und die Verarbeitungseinheit (10) konfiguriert
ist, um zu bestimmen, dass sich der Benutzer aktuell
in einer erhöhten Sturzgefahr befindet, falls die Um-
gebungsbeleuchtung unter einem Schwellenwert
liegt, falls der Boden uneben ist, falls das Wetter nass
oder die Temperatur unterhalb eines Schwellen-
werts ist, und/oder falls der Umgebungsgeräusch-
pegel über einem Schwellenwert ist.

7. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe der aktuellen Uhrzeit umfassen, und
die Verarbeitungseinheit (10) konfiguriert ist, um zu
bestimmen, dass sich der Benutzer aktuell in einer
erhöhten Sturzgefahr befindet, falls die aktuelle Uhr-
zeit innerhalb einer oder mehrerer spezifizierter Zeit-
spannen liegt.

8. Sturzerfassungssystem (2) nach Anspruch 7, wobei
die eine oder mehreren spezifizierten Zeitspannen
die Nachtzeit und/oder Zeitspannen kurz vor
und/oder nach einer geplanten Arzneimitteldosis
umfassen.

9. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe umfassen, ob der Benutzer eine Geh-
hilfe benutzt, ob der Benutzer seine Brille trägt,
und/oder eine Angabe des Typs von Schuhen, die
der Benutzer trägt, und die Verarbeitungseinheit
konfiguriert ist, um zu bestimmen, dass der Benutzer
in erhöhter Sturzgefahr ist oder sein kann, falls der
Benutzer eine erforderliche Gehhilfe nicht benutzt,
seine Brille nicht trägt und/oder seine herkömmli-
chen oder richtigen Schuhe nicht trägt.

10. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Kontextinformationen
eine Angabe des aktuellen Aktivitätsniveaus des Be-
nutzers umfassen, und die Kontextinformationen an-
geben, dass der Benutzer aktuell in einer erhöhten
Sturzgefahr ist, falls das aktuelle Aktivitätsniveau
über einem Schwellenaktivitätsniveau liegt.

11. Sturzerfassungssystem (2) nach einem der vorste-
henden Ansprüche, wobei die Verarbeitungseinheit
(10) weiter konfiguriert ist, um zu bestimmen, ob die
Kontextinformationen angeben, dass der Benutzer
in einer verringerten Sturzgefahr sein kann oder ist,
und die Empfindlichkeit des Sturzerfassungsalgo-
rithmus zu verringern, während die verringerte
Sturzgefahr durch die bestimmten Kontextinforma-
tionen angegeben wird.

12. Verfahren zum Betreiben eines Sturzerfassungs-
systems zum Erfassen von Stürzen eines Benut-
zers, wobei das Verfahren Folgendes umfasst:
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Bestimmen (101) von Kontextinformationen
über den Benutzer und/oder die Umgebung, in
der sich der Benutzer befindet;
falls die bestimmten Kontextinformationen an-
geben, dass sich der Benutzer aktuell in einer
erhöhten Sturzgefahr befindet, vorübergehen-
des Erhöhen (105) der Empfindlichkeit eines
Sturzerfassungsalgorithmus, der verwendet
wird, um Stürze eines Benutzers zu erfassen,
während die erhöhte Sturzgefahr von den be-
stimmten Kontextinformationen angegeben
wird;
Bestimmen (107) weiterer Kontextinformatio-
nen über den Benutzer und/oder die Umgebung,
in der sich der Benutzer befindet; und
Zurückstellen (111) oder Verringern der Emp-
findlichkeit des Sturzerfassungsalgorithmus,
falls die Kontextinformationen weiter angeben,
dass sich der Benutzer nicht mehr in erhöhter
Sturzgefahr befindet.

13. Verfahren nach Anspruch 12, wobei das Verfahren
weiter die folgenden Schritte umfasst:

anfängliches Betreiben des Sturzerfassungs-
systems dem Sturzerfassungsalgorithmus, der
auf eine normale Empfindlichkeit, die einer nor-
malen Sturzgefahr für den Benutzer entspricht,
eingestellt ist;
wobei, wenn die Kontextinformationen ange-
ben, dass der Benutzer in einer Sturzgefahr ist
oder sein kann, die im Vergleich zu der normalen
Sturzgefahr für den Benutzer erhöht ist, die
Empfindlichkeit des Sturzerfassungsalgorith-
mus über die normale Empfindlichkeit erhöht
wird.

14. Computerprogrammprodukt, das computerlesbaren
Code, der darin verkörpert ist, aufweist, wobei der
computerlesbare Code derart konfiguriert ist, dass
beim Ausführen durch einen zweckdienlichen Com-
puter oder eine zweckdienliche Verarbeitungsein-
heit der Computer oder die Verarbeitungseinheit das
Verfahren des Anspruchs 12 oder 13 ausführt.

Revendications

1. Système de détection de chute (2) destiné à être
utilisé pour détecter des chutes d’un utilisateur, le
système de détection de chute (2) comprenant :
une unité de traitement (10) configurée pour :

déterminer des informations de contexte relati-
ves à l’utilisateur et/ou à l’environnement dans
lequel l’utilisateur se trouver ;
augmenter temporairement la sensibilité d’un al-
gorithme de détection de chute utilisé pour dé-

tecter des chutes d’un utilisateur dans le cas où
les informations de contexte déterminées indi-
quent que l’utilisateur est actuellement exposé
à un risque accru de chute, l’augmentation tem-
poraire de la sensibilité survenant alors que le
risque accru de chute est indiqué par les infor-
mations de contexte déterminées ;
déterminer des informations de contexte sup-
plémentaires relatives à l’utilisateur et/ou l’envi-
ronnement dans lequel l’utilisateur se trouve ; et
réinitialiser ou réduire la sensibilité de l’algorith-
me de détection de chute si les informations de
contexte supplémentaires indiquent que l’utili-
sateur n’est plus exposé à un risque accru de
chute.

2. Système de détection de chute (2) selon la revendi-
cation 1, dans lequel les informations de contexte
comprennent une indication que l’utilisateur est en
train d’effectuer ou non un test d’évaluation de risque
de chute ou un entraînement à l’équilibre ; et l’unité
de traitement (10) est configurée pour déterminer
que l’utilisateur est actuellement exposé à un risque
accru de chute si les informations de contexte indi-
quent que l’utilisateur est en train d’effectuer un test
d’évaluation de risque de chute ou un entraînement
à l’équilibre.

3. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication que l’utilisateur marche ou non, et l’unité
de traitement (10) est configurée pour déterminer
que l’utilisateur est actuellement exposé à un risque
accru de chute si les informations de contexte indi-
quent que l’utilisateur marche.

4. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication qu’un motif de mouvement inhabituel pour
l’utilisateur a ou non été détecté, et l’unité de traite-
ment (10) est configurée pour déterminer que l’utili-
sateur est actuellement exposé à un risque accru de
chute si les informations de contexte indiquent un
schéma de mouvement inhabituel.

5. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication de l’emplacement actuel de l’utilisateur, et
l’unité de traitement (10) est configurée pour déter-
miner que l’utilisateur est actuellement exposé à un
risque accru de chute si l’emplacement actuel de
l’utilisateur est un emplacement connu où l’utilisa-
teur est exposé à un risque de chute plus élevé.

6. Système de détection de chute (2) selon l’une quel-
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conque des revendications précédentes, dans le-
quel les informations de contexte concernant l’envi-
ronnement dans lequel l’utilisateur se trouve com-
prennent une indication de la lumière ambiante dans
l’emplacement de l’utilisateur, une indication de la
régularité ou de l’irrégularité du sol, une indication
des conditions météorologiques actuelles ou de la
température actuelle et/ou une indication du niveau
de bruit ambiant, et l’unité de traitement (10) est con-
figurée pour déterminer que l’utilisateur est actuel-
lement exposé à un risque accru de chute si la lu-
mière ambiante est inférieure à un seuil, si le sol est
accidenté, si les conditions météorologiques sont
humides ou si la température est inférieure à un seuil
et/ou si le niveau de bruit ambiant est supérieur au
seuil.

7. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication de l’heure actuelle, et l’unité de traitement
(10) est configurée pour déterminer que l’utilisateur
est actuellement exposé un risque accru de chute si
l’heure actuelle est comprise dans une ou plusieurs
périodes spécifiées.

8. Système de détection de chute (2) selon la revendi-
cation 7, dans lequel les une ou plusieurs périodes
spécifiées comprennent les périodes de nuit et/ou
les périodes de jour peu de temps avant et/ou après
une dose programmée de médicament.

9. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication que l’utilisateur utilise ou non une aide à
la marche, que l’utilisateur porte ou non ses lunettes
et/ou une indication du type de chaussures que l’uti-
lisateur porte, et l’unité de traitement est configurée
pour déterminer que l’utilisateur est ou peut être ex-
posé à un risque accru de chute si l’utilisateur n’uti-
lise pas une aide à la marche requise, ne porte pas
ses lunettes et/ou ne porte pas ses chaussures ré-
gulières ou correctes.

10. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel les informations de contexte comprennent une
indication du niveau d’activité actuel de l’utilisateur,
et les informations de contexte indiquent que l’utili-
sateur est actuellement exposé à un risque accru de
chute si le niveau d’activité actuel est supérieur à un
niveau d’activité de seuil.

11. Système de détection de chute (2) selon l’une quel-
conque des revendications précédentes, dans le-
quel l’unité de traitement (10) est en outre configurée
pour déterminer si les informations de contexte in-

diquent que l’utilisateur présente ou pourrait présen-
ter un risque de chute réduit, et pour diminuer la sen-
sibilité de l’algorithme de détection de chute tandis
que le risque de chute réduit est indiqué par les in-
formations de contexte déterminées.

12. Procédé de fonctionnement d’un système de détec-
tion de chute pour détecter des chutes d’un utilisa-
teur, le procédé comprenant les étapes consistant à :

déterminer (101) des informations de contexte
relatives à l’utilisateur et/ou à l’environnement
dans lequel l’utilisateur se trouve ;
dans le cas où les informations de contexte dé-
terminées indiquent que l’utilisateur est actuel-
lement exposé à un risque accru de chute, aug-
menter temporairement (105) la sensibilité d’un
algorithme de détection de chute utilisé pour dé-
tecter des chutes d’un utilisateur tandis que le
risque accru de chute est indiqué par des infor-
mations de contexte déterminées ;
déterminer (107) des informations de contexte
supplémentaires concernant l’utilisateur et/ou
l’environnement dans lequel l’utilisateur se
trouve ; et
réinitialiser (111) ou réduire la sensibilité de l’al-
gorithme de détection de chute si les informa-
tions de contexte supplémentaires indiquent
que l’utilisateur n’est plus exposé à un risque
accru de chute.

13. Procédé selon la revendication 12, le procédé com-
prenant en outre l’étape consistant à :

faire fonctionner initialement le système de dé-
tection de chute avec l’algorithme de détection
de chute réglé sur une sensibilité normale cor-
respondant à un risque normal de chute pour
l’utilisateur ;
dans lequel lorsque les informations de contexte
indiquent que l’utilisateur est ou peut être expo-
sé à un risque accru de chute par rapport au
risque normal de chute pour l’utilisateur, la sen-
sibilité de l’algorithme de détection de chute est
augmentée au-dessus de la sensibilité normale.

14. Produit programme informatique contenant un code
lisible par ordinateur, le code lisible par ordinateur
étant configuré pour, lors d’une exécution par un or-
dinateur ou une unité de traitement approprié(e), l’or-
dinateur ou l’unité de traitement exécute le procédé
de la revendication 12 ou 13.
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