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(57) ABSTRACT

The invention is directed to a fall-classification device (100)
with a receiver unit (102) configured to receive wireless
communication signals (W) from wireless transmitters (101,
103) and a subject-activity data determination unit (106)
configured to determine and provide, using signal-quality
values determined by a quality signal determination unit,
respective subject-activity data indicative of at least two
subject-activity metrics of a subject (S) within a sensing
volume (V1). A fall-event detection unit (108) is configured
to determine, based on a time variation of the subject-
activity data of at least one subject-activity metric, whether
a fall-event has occurred. A fall-event type classification unit
(110) is configured, using a predetermined algorithm and

24, 2021. subject-activity data of at least two subject-activity metrics
determined during a first time span before and a second time
(30) Foreign Application Priority Data span after the determination of the fall-event, to determine
a fall type, from a predetermined list of fall types, with
Mar. 22, 2021  (EP) oo 21164010.7 increased accuracy.
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FALL-CLASSIFICATION DEVICE AND
ARRANGEMENT

FIELD OF THE INVENTION

[0001] The invention is directed to a fall-classification
device, to a fall-classification arrangement, to corresponding
methods for operating a fall-classification device and a
fall-classification arrangement and to a computer program.

BACKGROUND OF THE INVENTION

[0002] US 2020/0163590 Al discloses a fall detection
method, device, and system for detecting whether a target
object falls in a detection area. The fall detection method
includes: receiving a WIFI signal transmitted by a transmit-
ter in the detection area and extracting CSI data from the
WIFI signal, preprocessing the CSI data to obtain CSI data
to be identified, and processing the CSI data to be identified
through a deep neural network to determine whether the
target object falls in the detection area.

SUMMARY OF THE INVENTION

[0003] It would be beneficial to improve an accuracy of a
classification of a fall-event type fall detection.

[0004] According to the first aspect of the present inven-
tion, a fall-classification device is provided. The fall-classi-
fication device comprises a receiver unit configured to
receive wireless radiofrequency communication signals
from one or more external wireless transmitters. Each of the
wireless transmitters defines, together with the receiver unit,
a respective sensing volume for sensing a plurality of
subject-activity metrics. The subject-activity metrics are
indicative of a respective subject activity of one or more
subjects located within the respective sensing volume.
[0005] The fall-classification device also comprises a sig-
nal quality determination unit connected to the receiver unit
and configured to determine and provide a respective signal-
quality value sequence. This sequence includes signal-qual-
ity values that are obtained at different points in time. The
signal-quality values are indicative of a signal strength of the
received wireless communication signal, e.g., a received
signal strength indicator (RSSI) or are indicative of a
channel state of a wireless communication link between a
respective one of the external wireless transmitters and the
receiver unit, e.g., a channel state indicator (CSI) or are
indicative of any other suitable signal-quality metric that is
correlatable to a subject-activity.

[0006] Additionally, the fall-classification device com-
prises a subject-activity data determination unit that is
configured to determine and provide, using the provided
signal-quality value sequence, respective subject-activity
data indicative of at least two subject-activity metrics of the
subject within the sensing volume.

[0007] The fall classification device further comprises a
fall-event detection unit that is connected to the data deter-
mination unit and configured to receive the subject-activity
data and, based on a time variation of the subject-activity
data of at least one subject-activity metric, to determine
whether a fall-event of the subject within the sensing volume
has occurred and to provide a fall-event signal indicative
thereof.

[0008] The fall-classification device also comprises a fall-
event type classification unit that is connected to the fall
event-detection unit and to the subject-activity data deter-
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mination unit and is configured, upon reception of the
fall-event-signal, to determine, using a predetermined algo-
rithm, a type of fall from a predetermined set of detectable
types of fall using the subject-activity data of at least two
subject-activity metrics determined during a first time span
before the determination of the fall-event and during a
second time span after the determination of the fall-event,
and to provide a fall-type signal indicative thereof.

[0009] The receiver unit is therefore configured to receive
wireless radiofrequency communication signals from one or
more external wireless transmitters. Between each of the
wireless transmitters and the receiving unit a communication
link is built. The signals are received at the receiving unit
with a signal strength that depends on the transmission
power with which the wireless transmitter provides the
wireless communication signal and on the location of the
wireless transmitter relative to the emitter unit. The signal-
quality determination unit is thus configured to determine
the respective signal-quality value sequence associated a
wireless transmitter. The signal-quality values of a given
sequence are indicative of a radio signal strength indicator
(RSSI) of the wireless radiofrequency signal received, or of
a channel state indicator (CSI) of a wireless communication
link between the wireless transmitter and the receiver unit or
of any other suitable signal quality metric associated to the
wireless radiofrequency communication signals or to the
wireless communication link that is correlatable to a given
subject-activity, or in other words, of any value obtainable
from an analysis of the wireless communication signal or of
the wireless communication link that is influenceable by an
activity of the subject within the sensing volume.

[0010] The fall-classification device is therefore advanta-
geously configured to determine subject-activity data of at
least two different subject-activity metrics using the signal
quality value sequence associated to a respective one of the
external wireless transmitters. The subject-activity data of
the corresponding subject-activity metric are those values,
either numerical, or Boolean, vectors, or of any other
suitable kind, that are inferred from the signal-quality value
sequence.

[0011] The fall-event detection unit is advantageously
configured to determine whether a fall-event of the subject
within the sensing volume has occurred and to provide a
fall-event signal indicative thereof. The determination of a
fall-event is based on a time variation of the subject-activity
data of at least one of the subject-activity metric.

[0012] The fall-event signal is provided to a fall-event
type classification unit, which is configured to determine the
type of fall from a predetermined set of types of falls. This
is performed by analyzing the subject-activity data of at least
two subject-activity metrics determined during a first time
span before the determination of the fall-event and during a
second time span after the determination of the fall-event.
The combined use of the subject-activity data of at least two
different subject-activity metrics obtained before and after
the determination of the fall-event helps to improve the
accuracy of the determination of the fall-event type.
[0013] In the following, embodiments of the fall-classifi-
cation device of the first aspect of the invention will be
described.

[0014] In an embodiment, the subject-activity metrics that
can be sensed by the fall-classification device include sub-
ject-activity metrics indicative of a presence or movement of
subjects within the sensing volume, such as for instance,
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location or location coordinate or change in location; dis-
tance; displacement; positional characteristics, characteris-
tics associated with movement (e.g. change in position/
location) of the subject; lineal or rotational speed; lineal or
rotational acceleration; motion direction or angle; azimuth;
rotation; path; deformation or transformation such as a
shrinking or an expansion, etc. Additionally or alternatively,
the subject-activity metrics are indicative of gestures of the
subject, including, for example, gait, gait cycle, walking
rate; motion of head, hand, mouth chest, eye or other body
part, etc. Additionally or alternatively, the subject-activity
metrics are indicative of vital signs of the subject and
include, for instance, heart-beat rate, breathing rate, interval
or variability of heart or breathing rate, tidal volume, depth
of breath, inhale time, exhale time, inhale time to exhale
time ratio.

[0015] Exemplarily, a person’s risk of fall can be assessed
by determining subject-activity data that is indicative of
small balance issues of the subject, wherein abnormal
behaviors are considered leading indicators to major fall
events. For instance, variability of walking speed compared
to the usual baseline of the person is a leading indicator for
falls. Similarly, the speed of the person changing from
sitting- to standing-position and vice versa is correlatable to
a possible fall event.

[0016] Inan embodiment, the fall-event type classification
unit is configured to determine the type of fall by using
subject-activity data indicative of the moving speed of a
person after a suspected (near-) fall event. After a fall, it is
suspected that the person, in particular an elderly person,
moves with a less clear direction and slower speed as the
person is disoriented.

[0017] Inanembodiment, the predetermined set of detect-
able types of falls includes fall-events that can be differen-
tiated from each other in terms of, for example direction of
fall (e.g., forward fall, backwards fall, side fall, fall on the
spot, etc.), speed of fall (fast fall, slow fall, etc.) or medical
urgency (none, low, medium, high, etc.). The detectable
types of fall depend on the subject-activity metric that is
determined. For instance, the medical urgency of a given fall
is best assessed using subject-activity metrics indicative of
vital signals. Moreover, the accuracy determination of a
given subject-activity metric depends for instance on the
frequency band used for the transmission of the wireless
radiofrequency communication signals. For instance,
breathing detection is more accurate and can also be per-
formed while the subject is moving, and not only in a static
position, when high bandwidth technologies such as 60 GHz
Wi-Fi are used.

[0018] A non-exhaustive list of relevant types of fall that
can be determined by an embodiment of the fall-classifica-
tion device, include:

[0019] a) Trip and fall: this is a fast fall from the
walking position to the ground.

[0020] b) Fall when entering a chair and exiting a chair
(static chair or wheelchair or). Hence, this is a fast fall
from the sitting position to the ground.

[0021] c¢) Soft fall: person manages to grab furniture to
(somewhat) slow the fall to the floor.

[0022] d) Brain stroke fall: slow fall from standing
position first to one knee and subsequently down to the
ground.

[0023] e) Picking-something-up-from-the-floor fall:
very prolonged fall (up to two minutes) occurring when
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the subject, typically an elderly person, tries to pick
something up from the floor and does not have the
power to get up again and eventually slowly falls to the
ground.
[0024] Depending on the type of fall that has been iden-
tified, the fall-type signal can be provided, preferably via a
communication network, for example to a medical or care
institution, in order to determine if assistance is needed,
what kind of assistance is required and to provide the
determined assistance to the person that has fallen. In an
embodiment, the fall-classification device is advantageously
configured to determine, using the fall-type signal whether
an assistance, e.g. medical assistance, is required for the
person that has fallen and to provide an assistance-required
signal indicative thereof to a medical or care institution.
[0025] Alternative embodiments are configured to deter-
mine a type of fall from a combination of possible identi-
fiable types of fall formed by a combination of any two or
more of the types of fall listed above.
[0026] In an embodiment, the receiver unit is configured
to receive wireless radiofrequency communication signals in
different frequency bands and in accordance with different
wireless communication protocols, including, but not lim-
ited to, Zigbee, Bluetooth, Bluetooth Low Energy, Wi-Fi,
LoRa, etc.
[0027] Ina particular embodiment, the fall-event detection
unit comprises a storage unit comprising fall-data that
associates predetermined time variations of the subject-
activity data of the respective subject-activity metrics with
an expected occurrence of a fall event. In this embodiment,
the fall-event detection unit is configured to determine
whether the fall-event has occurred using the stored fall data.
[0028] In another embodiment, the fall-event type classi-
fication unit additionally or alternatively comprises a storage
unit that includes fall-type data that associates predeter-
mined combinations of time variations of two or more
subject-activity data with a respective fall-type. In this
embodiment, the fall-event classification unit is configured
to determine the type of fall using the stored fall-type data.
[0029] The determination of the type of fall-event might
be compromised if the location of the person after the fall
does not allow for sufficient sensing quality. This could be
due to the person no longer being within the sensing volume,
the person presenting a smaller radiofrequency-sensing tar-
get once on the floor, the determined signal-quality values
being less reliable at certain heights e.g. due to multipath
behavior in the room, or if a person is surrounded by other
people after the fall.
[0030] Ina particular embodiment, the fall-event detection
unit is configured, upon determination of the fall event, to
provide a transmission-adjustment request to the external
wireless transmitters which thus operate as wireless trans-
ceivers for receiving the transmission-adjustment request.
This provision is done either directly, e.g. from the fall-event
detection unit over a wireless network to the external
wireless transceiver, or indirectly via a routing device such
as a hub, a bridge, a router or any other network control
node. The transmission-adjustment request is indicative of a
request to the external wireless transmitters for providing the
wireless communication signals with an increased transmis-
sion power. This enables a determination of the value of the
signal quality metric, e.g. RSSI, CSI, with a higher resolu-
tion, which in turn also enables an increase in the resolution
of the determination of the subject-activity data, e.g. loca-
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tion, direction of movement, acceleration, breath rate, heart-
beat rate, gestures, etc. The increase of the transmission
power is also useful in cases where inter-floor or inter-room
sensing is required or used.

[0031] Alternatively, or additionally, the transmission-ad-
justment request is indicative of a request to the external
wireless transmitters to alter a transmission beam for trans-
mitting the wireless communication signals. The adaptation
or alteration of the beam shape can be for instance a
narrowing of the beam or a change in a main direction of the
transmission, or a combination thereof. The adaptation of
the shape of the transmission beam allows for a confinement
of the sensing volume, for example by narrowing the beam,
and hence makes the sensing of the wireless communication
signals provided by the transmitter with a narrower beam
less prone to interferences from objects adjacent to the
sensing volume. For instance, breathing detection may be
affected by major motion of a ceiling paddle fan.

[0032] Additionally, or alternatively, the transmission-ad-
justment request is indicative of a request to increase a
number of external wireless transmitters that provide wire-
less communication signals for the determination of the
signal-quality values. This results in a densification of the
number of the wireless transmitters assigned for sensing
purposes in the area where the fall-event has occurred,
which in turns increases the sensitivity of the determination
of the signal-quality values.

[0033] Additionally, or alternatively, the transmission-ad-
justment request is indicative of a request to receive wireless
communication signals from a predetermined set of external
wireless transmitters, and optionally also according to a
predetermined wireless communication protocol. This is
advantageous since it enables a change in the sensing
topology depending on the location in which the fall-event
has occurred. For instance, the transmission-adjustment
request is indicative of a request to use a set of wireless
transmitters that are closer to the ground or floor.

[0034] In another embodiment, the fall-event detection
unit is additionally or alternatively configured, upon deter-
mination of the fall event, to provide to the receiver unit a
reception-adjustment request, indicative of a request to
modify a reception volume for receiving the wireless com-
munication signals. The reception volume is indicative of
that region of space where signals are receivable with a
required signal-quality, such as RSSI or CSI. Thus, in this
embodiment, beam shaping is performed additionally, or
alternatively, at the receiver unit.

[0035] In another embodiment, which can include any of
the technical features disclosed above, the subject-activity
data determination unit is configured to be operable using at
least a high sensitivity grade and a low sensitivity grade for
determining the subject-activity data. In this particular
embodiment, upon determination of a fall-event, the fall-
event detection unit is configured to provide to the subject-
activity data determination unit a sensitivity-increase
request signal. In this embodiment, the subject-activity data
determination unit, upon reception of the sensitivity-in-
crease request signal, is configured to increase the sensitivity
from the low sensitivity grade to the high sensitivity grade
for determining the subject-activity data during the second
time span. For example, in an embodiment, the subject-
activity data determination unit configured to determine and
provide, using the provided signal-quality value sequence,
respective subject-activity data indicative of at least a vital
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sign metric, such as breathing or heart-beat rate of the
subject within the sensing volume with different sensitivity
grades. After determination of the fall event, the subject-
activity data determination unit is configured to increase the
sensitivity grade from a low sensitivity grade to a high
sensitivity grade to determine the subject-activity value, i.e.,
the value of the vital sign with more accuracy to better assess
the type of fall, in particular in view of the medical urgency.

[0036] In another embodiment, the fall-event detection
unit is additionally or alternatively configured, upon deter-
mination of a fall-event, to provide to the subject-activity
data determination unit a metric-addition request signal that
is indicative of a request to determine subject-activity data
of an additional subject-activity metric, and wherein the
fall-event-type determination unit is configured to determine
the type of fall additionally using the subject-parameter
values of the additional subject-parameter. The activity-data
determination unit is advantageously configured to deter-
mine subject-activity data pertaining to at least three subject-
activity metrics. In an exemplary embodiment, the addi-
tional subject activity metric is, for example, hand-gestures.

[0037] Inyetanother embodiment, the fall-event detection
unit is additionally or alternatively configured to determine
a fall-event time span indicative of a duration of the fall-
event of the subject within the sensing volume and to
provide a fall-duration signal indicative thereof, and wherein
the fall-event type classification unit is further configured to
determine the type of fall further using the provided fall-
duration signal. This embodiment is particularly advanta-
geous in scenarios where it is desired to gather further
insights on how the fall event progressed in detail, rather
than just looking into the before and after of the occurrence
and inferring what happened in the moment of the actual
fall-event. For instance, classifying the fall-event time span
(e.g. less than 1 second for a fast fall-event, more than 10
seconds for a slow fall) provides background into the
severity of the fall-event or even might help to determine
whether the fall-event was planned or accidental. The dura-
tion of the fall may also consist of duration of each of
multiple fall segments as in the case with the brain stroke
fall. Thus in an embodiment, the determined fall-event time
span is indicative of a respective duration of each of the fall
segments.

[0038] Inyetanother embodiment, the fall-event detection
unit is additionally or alternatively configured to determine
a fall-event context indicative of a fall vertical distance, or
of a fall end height, or of a maximum fall speed, of the
fall-event of the subject within the sensing volume and to
provide a fall-context signal indicative thereof. The fall-
event type classification unit is further configured to deter-
mine the type of fall further using the provided fall-context
signal. This embodiment is also particularly advantageous in
scenarios where it is desired to gather further insights on
how the fall event progressed in detail, rather than just
looking into the before and after of the occurrence and
inferring what happened in the moment of the actual fall-
event. The subject-activity data determination unit is, for
example, configured to determine and monitor the relative
height of the breathing/heart movement above the floor
level. Hence, if it is determined using for example the fall
end height, that the vital sign is currently originating from
within 20 cm of the ground level, this is indicative of a fall
to the ground as the person is sensed to be lying on the floor.
If the height of the breathing movement is, for instance,
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around 50-80 cm it can be indicative of a person on a knee
(brainstroke fall as described above as fall type d). Also, for
recognizing a soft fall onto furniture, the height of the
breathing movement is useful. Also, subject-activity data
indicative of a fall vertical distance, or a maximum speed
fall can be used to differentiate a fall from a chair or a bed
from a fall from a standing position.

[0039] Inanother embodiment, which can also include any
of the technical features described above, the fall-event
detection unit is additionally or alternatively configured to
ascertain context-data indicative of a current context of the
sensing volume, and to determine and/or classify the fall-
event further in dependence on predetermined associations
between different contexts of the sensing volumes with an
expected occurrence of the fall event or a type of fall-event.
In addition to the subject-activity metrics monitored by the
fall-classification device, said device can further rely on
other sources of context information that may increase the
likelihood that an event is indeed a fall-event. The context
data is, in an embodiment, determined by a context-data
determination unit. In another embodiment, the context-data
is additionally or alternatively received from an external
context-data provision device. Suitable context data may
include information on a room or area type. Areas more
prone to spills or wet surfaces are more likely locations for
people to fall. For example, bathrooms, toilets, kitchens,
machinery rooms, fountains, outdoor areas equipped with
slippery tiles, isles in supermarkets where liquids are
stacked, etc. Another type of context-data includes informa-
tion pertaining to a type of action taking place in the area
before/during the fall event. These can further increase a
likelihood of a fall-event being (bathroom visit before or
after a shower), or simple make any are potentially more
hazardous (cleaning crew having just finished wiping a
certain area). Yet another kind of ascertainable context data
is formed by basic information such as the time of the day
(a person may pay less attention when going to the bathroom
at night), environmental conditions (amount of light, rainy
conditions etc.) or presence of sources of distraction (pets,
kids, etc.).

[0040] In another embodiment, the fall-event detection
unit is further configured to ascertain context-data indicative
of a current context of the sensing volume and to determine,
using the fall-type signal and the context-data whether an
assistance is required and to provide an assistance-required
signal indicative thereof. The context data is, in an embodi-
ment, determined by a context-data determination unit. In
another embodiment, the context-data is additionally or
alternatively received from an external context-data provi-
sion device.

[0041] In a preferred embodiment, the context-data addi-
tionally or alternatively comprises data indicative of a
number of people that are currently present in the sensing
volume or other specific volume. If multiple persons are
present, for instance, in the same room or part of the house,
the fall classification device is configured to assume that if
aperson falls, another person close to that that has fallen will
recognize the fall and help, and thus may, under predeter-
mined circumstances, refrain from providing an assistance-
request signal. This assistance-request signal can be advan-
tageously provided to an external monitoring team, such as
a medical or care center, for a better assessment of the
assistance that might be required. More preferably, the
context-data also comprises data indicative of a sleep state
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or wake state of the people in the sensing volume. In an
embodiment, fall detection or provision of the assistance-
request signal is disabled whenever other people are present
in the sensing volume, more preferably only if the other
person is awake.

[0042] In another embodiment, the context-data addition-
ally or alternatively comprises data indicative of an age of
the people within the sensing volume. In an embodiment, the
age or age range is determined using ascertained information
pertaining to gait speed and/or breathing rate, for instance as
monitored by passive WiFi sensing. The context-data may,
in an embodiment, additionally or alternatively include user
data obtained by geofencing data from the mobile phones
carried by the people currently in or close to the sensing
volume. This typically requires, in contrast to RF sensing, an
active opt-in step of each of the visitors or people in the
sensing volume.

[0043] Gait speed is considered as one of the most con-
sistent age-associated characteristics for distinguishing
whether a person is older than 65 years. In an embodiment,
the context-data determination unit, which can be an internal
unit of the fall-classification device or an external device or
a unit of an external device that is different than the
fall-classification device, or the subject-activity data deter-
mination unit, is configured to generate a basic motion trail
of'the people that are in the sensing volume, for example by
clocking the time it takes to get from a first location or room
to a second location or room. Using the timestamps associ-
ated with a predefined motion trail between two locations,
the context-data determination unit is configured to estimate
the walking speed. Optionally, the context-data determina-
tion unit may also determine or estimate the relative height
of the physical breathing/heart movement above the floor
level and thereby infer the presence/age category of a visitor.
Additionally, as children have a noticeably higher resting
breathing rate (even with a pronounced age-dependence also
the breathing rate determined for example by the subject-
activity data determination unit or by any other RF sensing
system can be additionally used to infer the age of the visitor.

[0044] Thresholds of the fall detection algorithm or the
determination of whether (urgent) assistance is required can
be fine-tuned depending on whether a high-vitality person
beyond the elderly is currently present in the same house or
sensing volume.

[0045] In an embodiment, the gait and walking pace as
subject-activity metrics, are preferably monitored or deter-
mined using a first wireless transceiver (transmitter) and a
second wireless transceiver (receiver) located in the front &
back of the to be monitored person arranged taking into
account a sufficiently wide sensing field of view (FOV). For
example, while the gait and walking pace monitoring can be
done by merely sending, for instance, 30 WiFi sensing
messages (wireless radiofrequency communication signals)
per second, fall detection requires a higher number (e.g.
1500) of WiFi sensing messages per second. Gait-detection,
when using a single WiFi sensing pair of wireless transmit-
ters, requires a wide WiFi sensing FOV to capture a large
number of steps. On the other hand, WiFi fall detection only
requires that the to-be-monitored person is at any given
moment within the (even narrow) FOV of at least one
sensing pair of wireless transmitters; hence, unlike for gait
detection, for fall detection it is just advantageous to fre-
quently change the node assignment, i.e. the pair of wireless
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transmitter, for the fall-detection task as the person walks
from one sub-space of the room to another.

[0046] In an embodiment, the associations between pre-
determined time variations of the subject activity data with
an expected occurrence of a fall event are tuned based on the
vitality of the persons or even animals, such as a big-sized
dog, that are present in the room. This enables a real-time
tuning or adaptations of, e.g., the thresholds of a predeter-
mined fall detection algorithm. This information can be
advantageously used to assign which wireless transmitters
are to perform the RF sensing, based on which communi-
cation link the significant signal-quality value sequence is
obtained. For instance, if a high-vitality younger person or
big-sized dog is present in the room, the fall detection
algorithm may include additional verification steps before
reporting that a fall has happened by providing for example
the assistance-required signal, and if the fall has happened,
that the fall involved the elderly person and not the young
visitor jumping from the bed. For instance, the additional
steps may include monitoring whether the person lies after
the suspected fall for some time on the floor and/or whether
the breathing rate has changed after the fall indicating
significant stress, as stated above. If a younger person is both
present and awake in the same room as the elderly person,
the fall detection function may be disabled while the fall
detection function may stay always active if a dog is present,
as the dog is of no help to the elderly after a fall.

[0047] Optionally, an improved algorithm for determining
the type of fall may also use information pertaining to the
subject’s pre-fall moving speed in m/s. A slower speed than
a usual speed of for instance 1.5 m/s moving speed is
indicative of the elderly person having balance issues mak-
ing a fall more likely. Balance issues are indicative for most
types of fall with obviously the exception of trip-and-fall
events. In an embodiment, the moving speed of a person
after a suspected (near) fall event is also monitored or
determined. After a fall, it is suspected that the elderly
person moves with a less clear direction and slower speed
due to the shock and discomfort, while a kid while he or she
may have indeed fallen to the floor will typically get up back
on its feet faster and continue with his or her movement.
Hence, the motion statistics of these two events are distin-
guishable different, allowing the fall-classification device to
refine the fall detection. Similarly, a subject-activity metric
indicative of motion statistics can also be advantageously
employed to distinguish between false and real fall-events
such as for instance a person performing a workout routine
and a fall-to-the-floor event of the elderly.

[0048] In a specific embodiment that is advantageously
configured to enable the simultaneous motion-trail/gait
detection/fall detection functionality, the external wireless
transmitters, e.g., a single wireless transmitter and a first
wireless receiver are placed in same plane as the torso of the
subject and whereas a second wireless receiver is located at
the ceiling. This allows the first sensing pair, i.e., the
transmitter and the first receiver, to provide the wireless RF
communication signals for monitoring or determining accel-
eration/deceleration of the torso as a subject-activity metric
and the second sensing pair, i.e., the transmitter and the
second receiver provide the wireless RF communication
signals for monitoring or determining the motion trails/
walking gait utilizing wide sensing FOV, for example to
distinguish—based on the motion-statics and speed—be-
tween the young visitor and the elderly.
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[0049] As mentioned in the introduction, an important
fall-type occurs when the elderly person tries to pick some-
thing up from the floor and does not have the power to get
up again and eventually slowly falls to the ground. Similarly,
another type of fall involves the elderly person feeling dizzy
and bending over onto a table or furniture to get support
before eventually falling to the floor. As these fall types are
progressing very slowly (up to two minutes duration), the
inventors recognize that they are very hard to detect with RF
sensing. For instance, a prior-art RF sensing system may
utilize localization of the breathing movement (i.e. chest
height with respect to the floor) to deduce whether a person
is standing or lying on the floor. In the case of the prior art
systems, if a “pick-something-up-from-the-floor” fall
occurs, the system may correctly localize that the breathing
occurs at 1 m height but based on it and falsely conclude that
the 1.2 m tall grandchild is present in the room and hence
decides to deactivate the fall detection.

[0050] To identify and classify more reliably the “slow
fall” types with the fall-classification device of the first
aspect of the invention, in one embodiment, the fall-event
detection unit, is configured to monitor the distance/spatial
orientation between wireless external transmitter or trans-
mitters involved in the determination of the signal-quality
values and the “mass” that shows the breathing motion (i.e.
the rib cage of the person). In this embodiment, the fall-
event detection unit is configured to ascertain, using prior
motion/activity tracking that only the elderly person is right
now present in the space; hence, upon detecting a breathing
movement at a predetermined height lower than an expected
height, e.g., 1 m height, it concludes that the elderly person
has been bending over for longer than a given time span, e.g.
1 minute, and raises an alarm in the form of a assistance-
required signal. In a related embodiment, instead of local-
izing the breathing chest movement, a 60 GHz RF sensing
system in the form of a fall-classification arrangement that
receives wireless communication signals from wireless
transmitters that communicate in the 60 GHz frequency
range, is advantageously configured to scan the outline of
the body to locate the maximum height of the person with
respect to the floor. Combined with the context awareness
that the elderly person is present, the s fall-event detection
unit can identify an abnormal body position of the elderly
indicative of a slow fall.

[0051] Subject-activity metrics such as walk metrics that
may, for instance, indicate that the (elderly) person is pulling
one leg behind when walking are useful for predicting risk
of fall. In this case, using mm-wave-based passive RF
sensing for extracting walk metrics is a challenge due to the
high spatial confinement of mm-wave radio waves in par-
ticular due to the narrow field of view of 60 GHz WiFi.
Hence, while the RF sensing system may utilize mm-wave
RF sensing for fall detection, it may employ other tech-
niques such as 2.4 GHz-based WiFi sensing for the gait
detection required to determine whether a high-vitality
young person is currently present with the elderly.

[0052] Alternatively, if only mm-wave wave RF sensing
has to be also applied for walking speed/gait detection (e.g.
due to WiFi constraints), several pairs of wireless transmit-
ters along the walking path may collaborate to determine the
walk metrics over at least a predetermined amount of
walking distance, such as, for instance, 5 meters.

[0053] A person may be walking down an office corridor
containing many wireless transceivers capable whose wire-
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less communication signals can be used for determining the
signal quality and thus for RF sensing. In this case, it is
advantageous for capturing walk metrics that—while the
person walks down the corridor- to first change the sensing
field of view of the wireless transmitter and/or the field of
view of the wireless receiver. Preferably the pair of wireless
transceivers supplying wireless communication signals for
RF sensing is chosen such that the RF sensing field of view,
typically elongated, is aligned with the current spatial walk-
ing-direction of the person. This ensures that the same pair
of'wireless transceivers is able to follow for a longer time the
walking steps of a person for instance for at least five steps
(before the fall-classification device has to re-assign the
wireless transmitters to a second transmitter-receiver pair of
wireless transceivers further down the corridor). In the case
of a corridor in an elderly home, or an elongated room, it
may be advantageous to utilize a wireless transmitter
installed at the ceiling a wireless receiver at a lower height
level. This particular spatial combination of a transmitter
and receiver, creates an RF sensing volume in the form of a
slanted banana. This sensing volume ensures that a first
person can be followed over a sufficiently long distance to
allow for gait detection (even if a second person walks 2 m
behind the first person in the same corridor). In particular, if
such sensing volume having an approximate shape of the
slanted banana is assigned for gait detection, a relatively low
number of WiFi messages, such as 30 messages per second,
per communication link between transmitter and receiver
typically suffices. On the other hand, for effective WiFi fall
detection, a larger number of WiFi messages are requires,
e.g. 1000-1500 WiFi messages per second, and it is advan-
tageous to utilize a pair of wireless transceivers that are
placed facing each other from the opposite sides of the
corridor. The short distance between the two wireless trans-
ceivers and their perpendicular orientation to the motion trail
make them well suited to provide wireless communication
signals whose signal-quality value is suitable for fall detec-
tion.

[0054] In another embodiment, the context-data is addi-
tionally or alternatively indicative of the physical capabili-
ties of one or more of the subjects present within the sensing
volume or close to it. The context-data is for instance
indicative of sensorial dysfunction, such as a degree of
deafness or blindness, or of mobility impediments, or of any
other physical or sensorial limitation that may influence the
ability of that person to request medical assistance in case
another subject has fallen within the sensing volume. As
explained above, in an embodiment, the provision of the
assistance-request signal does not take case if the fall-
classification device is aware, using the context-data, that
another adult that is currently awake is close to the person
that has fallen. However, in this preferred embodiment, the
fall-classification device is configured to issue the assis-
tance-request signal if the device is aware that the other
person close to the person that has fallen has a hearing
impediment. Also, as an example, the fall-classification
device can be configured to issue the assistance-request
signal if the device is aware that another person is in the
vicinity of the person that has fallen but he or she is unable
to reach the location of the fall event to check on the fallen
due to a mobility impediment, for example if the person has
fallen in another floor of the house.

[0055] According to a second aspect of the present inven-
tion, a fall-classification arrangement is provided. The fall-
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classification arrangement comprises at least one fall-clas-
sification device in accordance with the first aspect of the
present invention and one or more wireless transmitters
configured to provide the wireless communication signals to
the at least one fall-classification device.

[0056] Thus, the fall-classification arrangement of the
invention shares the advantages of the fall-classification
device of the first aspect.

[0057] In a preferred embodiment, the at least one fall-
classification device and the one or more wireless transmit-
ters are network nodes of a wireless communication net-
work, in particular of a wirelessly controlled electrical
arrangement, such as a lighting arrangement. In this par-
ticular embodiment, the lighting devices are controlled
wirelessly and the communication signals used for commu-
nication with other network nodes are additionally used for
the determination of the signal-quality value. The lighting
arrangement may also comprise other network nodes that are
not lighting devices, such as switches, sensors, sockets, etc.
but which are also configured to receive and provide wire-
less communication signals that are received by the receiv-
ing unit of the fall-classification device. The receiving unit
of the fall-classification device may also receive wireless
radiofrequency signals from network nodes that do not
belong to the same wireless communication network.

[0058] According to a third aspect of the present inven-
tion, a method for operating a fall-classification device is
provided. The method comprises:

[0059] receiving, at a receiver unit, wireless radiofre-
quency communication signals from one or more exter-
nal wireless transmitters that, together with the receiver
unit, define a respective sensing volume for sensing a
plurality of subject-activity metrics [presence, motion,
acceleration, gestures, gait, breathing rate, heart rate]
indicative of a respective subject activity of one or
more subjects located within the sensing volume;

[0060] determining and providing a respective signal-
quality value sequence including signal-quality values
obtained at different points in time, the signal-quality
values being indicative of a signal strength of the
received wireless communication signal or being
indicative of a channel state of a wireless communica-
tion link between a respective one of the external
wireless transmitter and the receiver unit;

[0061] determining and providing, using the provided
signal-quality value sequence, respective subject-activ-
ity data indicative of at least two subject-activity met-
rics of the subject within the sensing volume;

[0062] based on a time variation of at least one of the at
least two subject-activity metrics, determining whether
a fall-event of the subject within the sensing volume
has occurred and providing a fall-event signal indica-
tive thereof; and

[0063] upon reception of the fall-event-signal, deter-
mining, using a predetermined algorithm, a type of fall
from a predetermined set of detectable types of fall
using the subject-activity values of at least two subject-
activity metrics determined during a first time span
before the determination of the fall-event and during a
second time span after the determination of the fall-
event, and to provide a fall-type signal indicative
thereof.
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[0064] The method of the third aspect thus shares the
advantages of the fall-classification device of the first aspect
of the invention.

[0065] In a particular embodiment, the method further
comprises, upon determination of the fall event, providing a
transmission-adjustment request, indicative of:

[0066] a request to the external wireless transmitters for
providing the wireless communication signals with an
increased transmission power; or

[0067] a request to increase a number of external wire-
less transmitters that provide wireless communication
signals for the determination of the signal-quality val-
ues; or

[0068] a request to receive wireless communication
signals from a predetermined set of external wireless
transmitters; or any combination thereof:

[0069] In yet another embodiment, the method alterna-
tively or additionally comprises the step of providing, upon
determination of a fall-event, a metric-addition request sig-
nal that is indicative of a request to determine subject-act
values of an additional subject-parameter, and the step of
determining the type of fall additionally using the subject-
parameter values of the additional subject-parameter.
[0070] Inanother embodiment, the method additionally or
alternatively comprises the steps of:

[0071] determining a fall-event time span indicative of
a duration of the fall-event of the subject within the
sensing volume and providing a fall-duration signal
indicative thereof;

[0072] determining the type of fall further using the
provided fall-duration signal.

[0073] According to a fourth aspect of the present inven-
tion, a method for operating a fall-classification arrangement
is provided. The method comprises:

[0074] providing wireless communication signals; and

[0075] performing the method of the third aspect of the
invention.

[0076] The method of the fourth aspect thus shares the
advantages of the fall-classification arrangement of the
second aspect of the invention.

[0077] A fifth aspect of the present invention is provided
by a computer program comprising instructions that, when
executed by a computer, cause the computer to carry out the
methods of any of the claims 12 to 14.

[0078] A sixth aspect of the present invention is provided
by a fall-determination device that comprises a receiver unit
configured to receive wireless radiofrequency communica-
tion signals from one or more external wireless transmitters
which, together with the receiver unit, define a respective
sensing volume for sensing one or more subjects located
within the sensing volume. The fall-determination device
also comprises a signal quality determination unit that is
connected to the receiver unit and that is configured to
determine and provide a respective signal-quality value
sequence including signal-quality values obtained at differ-
ent points in time, the signal-quality values being indicative
of a signal strength of the received wireless communication
signal or being indicative of a channel state of a wireless
communication link between a respective one of the external
wireless transmitter and the receiver unit or being indicative
of any other suitable signal-quality metric that is correlatable
to fall movement of the subject. The fall-determination
device also comprises a fall-event detection unit that is
connected to the signal quality determination unit and con-
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figured to receive the signal-quality value sequence there-
from. The fall-event determination unit is further configured
to ascertain context-data indicative of a current context of
the sensing volume and/or of the subjects located within the
sensing volume and to determine, using the received signal-
quality value sequence and the ascertained context-data
whether a fall of a subject in the sensing volume has
occurred.

[0079] The fall-determination device of the sixth aspect of
the present invention enables the reduction of false alarms in
fall detection, near-fall detection and risk-of-fall detection
systems, for example, but not limited to, in elderly care, by
using ascertained context data indicative of a current context
of the sensing volume, which may also include context data
indicative of characteristics of the subjects present in the
sensing volume, as discussed above, to determine whether a
fall-event has occurred. The fall-determination device is
advantageously configured to leverage context-awareness
about presence and specific characteristics of the subjects in
the sensing volume, to fine-tune the operation of the fall
detection solution. As a result of the improved fall-determi-
nation operation, false fall-detection-triggers when, for
instance, the elderly person is visited by or shares the house
with a highly physically active family member or large dog,
are minimized.

[0080] In an embodiment, the fall-event determination
unit is configured to ascertain context-data indicative of a
respective age range of the subjects based on, for instance,
the gait speed and/or breathing rate. Then, the thresholds for
determining the occurrence of a fall-event based on the
signal-quality value sequence are fine-tuned according to the
context-data, depending for instance on whether a second
high-vitality person—beyond the elderly—is currently pres-
ent in the same house.

[0081] In a preferred embodiment, the fall-event detection
unit is further configured to determine whether assistance is
required for the fallen subject and to provide an assistance-
required signal indicative thereof.

[0082] The fall-event detection unit is preferably adapted
to ascertain any combination of context-data as discussed
above.

[0083] In a preferred embodiment, the context-data com-
prises data indicative of a number of people that are cur-
rently present in the sensing volume or other specific vol-
ume, and also, preferably of any physical dysfunctions, such
as sensorial or mobility impediments of the people, as
explained above with respect to the fall-classification device
of the first aspect of the invention. If multiple persons are
present, for instance, in the same room or part of the house,
the fall classification device is configured to assume that if
aperson falls, another person close to that that has fallen will
recognize the fall and help, and thus may, under predeter-
mined circumstances, refrain from providing an assistance-
request signal. This assistance-request signal can be advan-
tageously provided to an external monitoring team, such as
a medical or care center, for a better assessment of the
assistance that might be required. More preferably, the
context-data also comprises data indicative of a sleep state
or wake state of the people in the sensing volume. In an
embodiment, fall detection or provision of the assistance-
request signal is disabled whenever other people are present
in the sensing volume, more preferably only if the other
person is awake.
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[0084] In another embodiment, the context-data also com-
prises data indicative of an age of the people within the
sensing volume. In an embodiment, the age or age range is
determined using ascertained information pertaining to gait
speed and/or breathing rate, for instance as monitored by
passive WiFi sensing. The context-data may, in an embodi-
ment, additionally or alternatively include user data obtained
by geofencing data from the mobile phones carried by the
people currently in or close to the sensing volume. This
typically requires, in contrast to RF sensing, an active opt-in
step of each of the visitors or people in the sensing volume.
[0085] Gait speed is considered as one of the most con-
sistent age-associated characteristics for distinguishing
whether a person is older than 65 years. In an embodiment,
the context-data determination unit, which can be an internal
unit of the fall-determination device or an external device or
a unit of an external device that is different than the
fall-determination device, is configured to generate a basic
motion trail of the people that are in the sensing volume, for
example by clocking the time it takes to get from a first
location or room to a second location or room. Using the
timestamps associated with a predefined motion trail
between two locations, the context-data determination unit
is configured to estimate the walking speed. Optionally, the
context-data determination unit may also determine or esti-
mate the relative height of the physical breathing/heart
movement above the floor level and thereby infer the
presence/age category of a visitor. Additionally, as children
have a noticeably higher resting breathing rate (even with a
pronounced age-dependence also the breathing rate deter-
mined for example by a subject-activity data determination
unit or by any other RF sensing system can be additionally
used to infer the age of the visitor.

[0086] Thresholds of the fall detection algorithm or the
determination of whether (urgent) assistance is required can
be fine-tuned depending on whether a high-vitality person
beyond the elderly is currently present in the same house or
sensing volume.

[0087] In an embodiment, the gait and walking pace as
subject-activity metrics, are preferably monitored or deter-
mined using a first wireless transceiver (transmitter) and a
second wireless transceiver (receiver) located in the front &
back of the to be monitored person arranged taking into
account a sufficiently wide sensing field of view (FOV). For
example, while the gait and walking pace monitoring can be
done by merely sending, for instance, 30 WiFi sensing
messages (wireless radiofrequency communication signals)
per second, fall detection requires a higher number (e.g.
1500) of WiFi sensing messages per second. Gait-detection,
when using a single WiFi sensing pair of wireless transmit-
ters, requires a wide WiFi sensing FOV to capture a large
number of steps. On the other hand, WiFi fall detection only
requires that the to-be-monitored person is at any given
moment within the (even narrow) FOV of at least one
sensing pair of wireless transmitters; hence, unlike for gait
detection, for fall detection it is just advantageous to fre-
quently change the node assignment, i.e. the pair of wireless
transmitter, for the fall-detection task as the person walks
from one sub-space of the room to another.

[0088] In an embodiment, the associations between pre-
determined time variations of the signal-quality data with an
expected occurrence of a fall event are tuned based on the
vitality of the persons or even animals, such as a big-sized
dog, that are present in the room. This enables a real-time
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tuning or adaptations of| e.g., the thresholds of a predeter-
mined fall determination algorithm. This information can be
advantageously used to assign which wireless transmitters
are to perform the RF sensing, based on which communi-
cation link the significant signal-quality value sequence is
obtained. For instance, if a high-vitality younger person or
big-sized dog is present in the room, the fall determination
algorithm may include additional verification steps before
reporting that a fall has happened by providing for example
the assistance-required signal, and if the fall has happened,
that the fall involved the elderly person and not the young
visitor jumping from the bed. For instance, the additional
steps may include monitoring whether the person lies after
the suspected fall for some time on the floor and/or whether
the breathing rate has changed after the fall indicating
significant stress, as stated above. If a younger person is both
present and awake in the same room as the elderly person,
the fall determination function may be disabled while the
fall determination function may stay always active if a dog
is present, as the dog is of no help to the elderly after a fall.

[0089] Optionally, an improved algorithm for determining
an occurrence of a fall may also use information pertaining
to the subject’s pre-fall moving speed in m/s. A slower speed
than a usual speed of for instance 1.5 m/s moving speed is
indicative of the elderly person having balance issues mak-
ing a fall more likely. Balance issues are indicative for most
types of fall with obviously the exception of trip-and-fall
events. In an embodiment, the moving speed of a person
after a suspected (near) fall event is also monitored or
determined. After a fall, it is suspected that the elderly
person moves with a less clear direction and slower speed
due to the shock and discomfort, while a kid while he or she
may have indeed fallen to the floor will typically get up back
on its feet faster and continue with his or her movement.
Hence, the motion statistics of these two events are distin-
guishable different, allowing the fall-determination device to
refine the fall determination operation Similarly, a signal-
quality data indicative of motion statistics can also be
advantageously employed to distinguish between false and
real fall-events such as for instance a person performing a
workout routine and a fall-to-the-floor event of the elderly.

[0090] In a specific embodiment that is advantageously
configured to enable the simultaneous motion-trail/gait
detection/fall detection functionality, the external wireless
transmitters, e.g., a single wireless transmitter and a first
wireless receiver are placed in same plane as the torso of the
subject and whereas a second wireless receiver is located at
the ceiling. This allows the first sensing pair, i.e., the
transmitter and the first receiver, to provide the wireless RF
communication signals for monitoring or determining accel-
eration/deceleration of the torso and the second sensing pair,
i.e., the transmitter and the second receiver provide the
wireless RF communication signals for monitoring or deter-
mining the motion trails/walking gait utilizing wide sensing
FOV, for example to distinguish—based on the motion-
statics and speed—between the young visitor and the
elderly.

[0091] As mentioned in the introduction, an important
fall-type occurs when the elderly person tries to pick some-
thing up from the floor and does not have the power to get
up again and eventually slowly falls to the ground. Similarly,
another type of fall involves the elderly person feeling dizzy
and bending over onto a table or furniture to get support
before eventually falling to the floor. As these fall types are
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progressing very slowly (up to two minutes duration), the
inventors recognize that they are very hard to detect with RF
sensing. For instance, a prior-art RF sensing system may
utilize localization of the breathing movement (i.e. chest
height with respect to the floor) to deduce whether a person
is standing or lying on the floor. In the case of the prior art
systems, if a “pick-something-up-from-the-floor” fall
occurs, the system may correctly localize that the breathing
occurs at 1 m height but based on it and falsely conclude that
the 1.2 m tall grandchild is present in the room and hence
decides to deactivate the fall detection.

[0092] To identify more reliably the “slow fall” types with
the fall-determination device of the sixth aspect of the
invention, in one embodiment, the fall-event detection unit,
is configured to monitor the distance/spatial orientation
between wireless external transmitter or transmitters
involved in the determination of the signal-quality values
and the “mass” that shows the breathing motion (i.e. the rib
cage of the person). In this embodiment, the fall-event
detection unit is configured to ascertain, using prior motion/
activity tracking that only the elderly person is right now
present in the space; hence, upon detecting a breathing
movement at a predetermined height lower than an expected
height, e.g., 1 m height, it concludes that the elderly person
has been bending over for longer than a given time span, e.g.
1 minute, and raises an alarm in the form of a assistance-
required signal. In a related embodiment, instead of local-
izing the breathing chest movement, a 60 GHz RF sensing
system in the form of a fall-determination arrangement that
receives wireless communication signals from wireless
transmitters that communicate in the 60 GHz frequency
range, is advantageously configured to scan the outline of
the body to locate the maximum height of the person with
respect to the floor. Combined with the context awareness
that the elderly person is present, the s fall-event detection
unit can identify an abnormal body position of the elderly
indicative of a slow fall.

[0093] Subject-activity metrics that are inferable from the
signal quality data, such as walk metrics, may for instance
indicate that the (elderly) person is pulling one leg behind
when walking are useful for predicting risk of fall. In this
case, using mm-wave-based passive RF sensing for extract-
ing walk metrics is a challenge due to the high spatial
confinement of mm-wave radio waves in particular due to
the narrow field of view of 60 GHz WiFi. Hence, while the
RF sensing system may utilize mm-wave RF sensing for fall
determination, it may employ other techniques such as 2.4
GHz-based WiFi sensing for the gait detection required to
determine whether a high-vitality young person is currently
present with the elderly.

[0094] Alternatively, if only mm-wave wave RF sensing
has to be also applied for walking speed/gait detection (e.g.
due to WiFi constraints), several pairs of wireless transmit-
ters along the walking path may collaborate to determine the
walk metrics over at least a predetermined amount of
walking distance, such as, for instance, 5 meters.

[0095] A person may be walking down an office corridor
containing many wireless transceivers capable whose wire-
less communication signals can be used for determining the
signal quality and thus for RF sensing. In this case, it is
advantageous for capturing walk metrics that—while the
person walks down the corridor- to first change the sensing
field of view of the wireless transmitter and/or the field of
view of the wireless receiver. Preferably the pair of wireless
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transceivers supplying wireless communication signals for
RF sensing is chosen such that the RF sensing field of view,
typically elongated, is aligned with the current spatial walk-
ing-direction of the person. This ensures that the same pair
of'wireless transceivers is able to follow for a longer time the
walking steps of a person for instance for at least five steps
(before the fall-classification device has to re-assign the
wireless transmitters to a second transmitter-receiver pair of
wireless transceivers further down the corridor). In the case
of a corridor in an elderly home, or an elongated room, it
may be advantageous to utilize a wireless transmitter
installed at the ceiling a wireless receiver at a lower height
level. This particular spatial combination of a transmitter
and receiver, creates an RF sensing volume in the form of a
slanted banana. This sensing volume ensures that a first
person can be followed over a sufficiently long distance to
allow for gait detection (even if a second person walks 2 m
behind the first person in the same corridor). In particular, if
such sensing volume having an approximate shape of the
slanted banana is assigned for gait detection, a relatively low
number of WiFi messages, such as 30 messages per second,
per communication link between transmitter and receiver
typically suffices. On the other hand, for effective WiFi fall
determination, a larger number of WiFi messages are
requires, e.g. 1000-1500 WiFi messages per second, and it is
advantageous to utilize a pair of wireless transceivers that
are placed facing each other from the opposite sides of the
corridor. The short distance between the two wireless trans-
ceivers and their perpendicular orientation to the motion trail
make them well suited to provide wireless communication
signals whose signal-quality value is suitable for fall detec-
tion.

[0096] Further, different embodiments of the fall-determi-
nation device of the sixth aspect include any suitable feature
or element of the fall-classification device of the first aspect.
[0097] For instance, in an embodiment, the fall-determi-
nation device comprises a—a subject-activity data determi-
nation unit configured to determine and provide, using the
provided signal-quality value sequence, respective subject-
activity data indicative of at least one subject-activity metric
of the subject within the sensing volume, and the fall-event
detection unit is configured to determine, using the received
subject-activity data and the ascertained context-data
whether a fall of a subject in the sensing volume has
occurred.

[0098] In another embodiment, the fall-determination
device also comprises a fall-event type classification unit
connected to the fall event-detection unit and to the subject-
activity data determination unit and configured, upon deter-
mination of an occurrence of a fall-event, e.g. following a
reception of a fall-event signal indicative thereof, to deter-
mine, using a predetermined algorithm, a type of fall from
a predetermined set of detectable types of fall using the
subject-activity data. Preferably, to increase the accuracy of
the fall-type selection, the determination is performed using
subject activity data of at least two subject-activity metrics
determined during a first time span before the determination
of the fall-event and during a second time span after the
determination of the fall-event, and to provide a fall-type
signal indicative thereof.

[0099] In another embodiment, the fall-event detection
unit comprises a storage unit comprising fall-data that
associates predetermined time variations of the signal-qual-
ity value sequence of the respective subject-activity metrics
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with an expected occurrence of a fall event, and wherein the
fall-event detection unit is configured to determine whether
the fall-event has occurred using the stored fall data.
[0100] As in the case of the fall-classification device of the
first aspect, in an embodiment of the fall-determination
device of the sixth aspect, the fall-event detection unit is
configured, upon determination of the fall event, to provide
to the external wireless transmitters a transmission-adjust-
ment request, indicative of:

[0101] arequest to the external wireless transmitters for
providing the wireless communication signals with an
increased transmission power and/or to modify a trans-
mission beam for transmitting the wireless communi-
cation signals or

[0102] a request to increase a number of external wire-
less transmitters that provide wireless communication
signals for the determination of the signal-quality val-
ues; or

[0103] a request to receive wireless communication
signals from a predetermined set of external wireless
transmitters; or any combination thereof.

[0104] The fall-determination device of the sixth aspect of
the invention is advantageously configured to be part of a
fall-classification arrangement that comprises at least one
fall-determination device and one or more wireless trans-
mitters configured to provide the wireless communication
signals to the at least one fall-determination device. In
particular, the wireless transmitters are preferably network
nodes of a wirelessly controllable lighting arrangement.
[0105] A seventh aspect of the present invention is formed
by a method for operating a fall-determination device. The
method comprises the steps of

[0106] receiving wireless radiofrequency communica-
tion signals, in particular from one or more external
wireless transmitters which, together with a receiver
unit of the fall-determination device, define a respec-
tive sensing volume for sensing one or more subjects
located within the sensing volume;

[0107] determining and providing a respective signal-
quality value sequence including signal-quality values
obtained at different points in time, the signal-quality
values being indicative of a signal strength of the
received wireless communication signal or being
indicative of a channel state of a wireless communica-
tion link between a respective one of the external
wireless transmitter and the receiver unit of the fall-
determination device or being indicative of any other
suitable signal-quality metric that is correlatable to a
fall movement of the subject;

[0108] ascertaining context-data indicative of a current
context of the sensing volume and/or of the subjects
located within the sensing volume; and

[0109] determining, using the received signal-quality
value sequence and the ascertained context-data
whether a fall of a subject in the sensing volume has
occurred.

[0110] Further, the invention is directed to a computer
program comprising instructions that, when executed by a
computer, cause the computer to carry out the methods for
controlling operation of a fall-determination device in accor-
dance with the seventh aspect.

[0111] It shall be understood that the fall-classification
device of claim 1, the fall-classification arrangement of
claim 10, the method for operating a fall-classification
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device of claim 11, the method for operating a fall-classifi-
cation arrangement of claim 14 and the computer program of
claim 15, as well as the fall-determination device, the fall
determination arrangement, the method for controlling
operation of the fall-determination arrangement and the
corresponding computer program, have similar and/or iden-
tical preferred embodiments, in particular, as defined in the
dependent claims.

[0112] It shall be understood that a preferred embodiment
of the present invention can also be any combination of the
dependent claims or above embodiments with the respective
independent claim.

[0113] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0114] In the following drawings:

[0115] FIG. 1 shows a schematic block diagram of an
embodiment of a fall-classification arrangement,

[0116] FIG. 2 shows a schematic diagram of another
exemplary fall-classification arrangement,

[0117] FIG. 3 shows a schematic flow diagram of a
method for operating a fall-classification device,

[0118] FIGS. 4A and 4B show a schematic flow diagram
of a another embodiment of a method for operating a
fall-classification device,

[0119] FIG. 5 shows a flow diagram of an embodiment of
a method for operating a fall-classification arrangement,
[0120] FIG. 6 shows a schematic diagram of an embodi-
ment of a fall-determination device forming part of a fall-
determination arrangement, and

[0121] FIG. 7 shows a flow diagram of an embodiment of
a method for operating a fall-determination device.

DETAILED DESCRIPTION OF EMBODIMENTS

[0122] FIG. 1 shows a schematic block diagram of an
embodiment of a fall-classification arrangement 150 that
comprises a wireless transmitters 101 and 103 and a fall-
classification device 100. The wireless transmitters are con-
figured to provide wireless radiofrequency communication
signals W according to one or more wireless communication
protocols. The fall-classification device 100 comprises a
receiver unit 102 that is configured to receive the wireless
radiofrequency communication signals W from the wireless
transmitters 101, 103. Each of the wireless transmitters 101,
103 define, together with the receiver unit 102, a respective
sensing volume V1, V3 for sensing a plurality of subject-
activity metrics indicative of a respective subject activity of
one or more subjects S located within the sensing volume.
In FIG. 1, the geometry of the respective sensing volumes
V1, V3 has been simplified for the sake of clarity and have
the form of an ellipsoid. Within the sensing volume, the
presence of the subject alters the signals that the receiving
unit receives from the wireless transmitters, so that changes
in the received signal can be associated to activities of the
subject. These activities that affect the wireless communi-
cation signal in a predictable manner are referred to as
subject-activity metrics, and include, for example, location
or location coordinate or change in location; distance; dis-
placement; positional characteristics, characteristics associ-
ated with movement (e.g. change in position/location) of the
subject; lineal or rotational speed; lineal or rotational accel-
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eration; motion direction or angle; azimuth; rotation; path;
deformation or transformation such as a shrinking or an
expansion, etc. Additionally or alternatively, the subject-
activity metrics are indicative of gestures of the subject,
including, for example, gait, gait cycle, walking rate; motion
of head, hand, mouth chest, eye or other body part, etc.
Additionally or alternatively, the subject-activity metrics are
indicative of vital signs of the subject and include, for
instance, heart-beat rate, breathing rate, interval or variabil-
ity of heart or breathing rate, tidal volume, depth of breath,
inhale time, exhale time, inhale time to exhale time ratio.
[0123] The fall-classification device also comprises a sig-
nal quality determination unit 104 that is connected to the
receiver unit 102 and configured to determine and provide a
respective signal-quality value sequence including signal-
quality values obtained at different points in time. The
signal-quality values are indicative of a signal strength of the
received wireless communication signal (RSSI), or are
indicative of a channel state of a wireless communication
link between a respective one of the wireless transmitters
101, 103 and the receiver unit 102 (CSI) or are in general
indicative of any suitable signal-quality metric that is cor-
relatable to a subject-activity, i.e. of any value obtainable
from an analysis of the wireless communication signals W
or of the wireless communication links, that is influenceable
by an activity of the subject S within the sensing volume V1,
V3.

[0124] The fall-classification device 100 also comprises a
subject-activity data determination unit 106 that is config-
ured to determine and provide, using the signal-quality value
sequence provided by the signal quality determination unit
104, respective subject-activity data indicative of at least
two subject-activity metrics of the subject S within the
sensing volume V1, V3. Depending on the subject-activity
metric being determine, the values can be Boolean, such as
in the case of the subject-activity being indicative of a
presence or absence of the subject within the respective
sensing volume, numerical, such as in the case of the
subject-activity metric being indicative of vital signs such as
breathing rate or heart-beat rate or in the case of a position
in a 2D or 3D space, vectors in the case of for example
speed, acceleration, deceleration, or other type of values
indicative of, for example, respective gestures of the subject.
[0125] The fall-classification device 100 also comprises a
fall-event detection unit 108 that connected to the subject-
activity data determination unit 106 and that is configured to
receive the subject-activity data and, based on a time varia-
tion of the subject-activity data of at least one subject-
activity metric, to determine whether a fall-event of the
subject S within the sensing volume V1, V3 has occurred.
The fall-event detection unit is also configured to provide a
fall-event signal indicative of a determination of an occur-
rence of a fall-event. Optionally, the fall-event detection unit
108 comprises a storage unit 112 comprising fall-data that
associates predetermined time variations of the subject-
activity data of the respective subject-activity metrics with
an expected occurrence of a fall event. In this particular case
the fall-event detection unit is configured to determine
whether the fall-event has occurred using the stored fall data.
[0126] Further, the fall-classification device includes a
fall-event type classification unit 110 that is connected to the
fall event-detection unit 108 and to the subject-activity data
determination unit 106 and that is configured, upon recep-
tion of the fall-event-signal, to determine, using a predeter-
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mined algorithm, a type of fall from a predetermined set of
detectable types of fall using the subject-activity data of at
least two subject-activity metrics determined during a first
time span before the determination of the fall-event and
during a second time span after the determination of the
fall-event, and to provide a fall-type signal indicative
thereof. Optionally, the fall-event type classification unit 110
comprises a storage unit 114 that includes fall-type data that
associates predetermined combinations of time variations of
two or more subject-activity data with a respective fall-type,
and wherein the fall-event classification unit is configured to
determine the type of fall using the stored fall-type data

[0127] The predetermined set of detectable types of falls
includes fall-events that can be differentiated from each
other in terms of, for example direction of fall (e.g., forward
fall, backwards fall, side fall, fall on the spot, etc.), speed of
fall (fast fall, slow fall, etc.) or medical urgency (none, low,
medium, high, etc.). The detectable types of fall depend on
the subject-activity metric that is determined. For instance,
the medical urgency of a given fall is best assessed using
subject-activity metrics indicative of vital signals. More-
over, the accuracy determination of a given subject-activity
metric depends for instance on the frequency band used for
the transmission of the wireless radiofrequency communi-
cation signals. For instance, breathing detection is more
accurate and can also be performed while the subject is
moving, and not only in a static position, when high band-
width technologies such as 60 GHz Wi-Fi are used.

[0128] In an exemplary fall-classification arrangement, it
is proposed to track with RF sensing techniques, as
explained above, the presence and the breathing rate of the
subject S throughout a space or area of interest, i.e. the
sensing volume. This could be for example a nursing home/
apartment, whereby the elderly person is monitored via RF
sensing deployed via the wireless transmitters. Breathing
detection is already possible with current technologies when
the subjects are relatively static (e.g. sleeping, sitting down),
but higher bandwidth technologies like 60 GHz Wi-Fi, as
their wireless signals are more confined, enable also to track
the breathing rate while there’s significant motion (e.g. the
subject is moving).

[0129] Thus, in this case subject-activity data in the form
of a numerical value of the breathing rate of a subject is
determined and monitored using the signal-quality value of
the wireless communication signals, while the presence of
the subject in the room is also monitored. The fall-event
detection unit 108 receives the values of the breathing rate.
For example, an elderly person in steady state could have a
normal breathing rate of 15 bpm (breaths per minute).
Assuming no significant breathing issues, this level should
be roughly constant as the elderly person moves around the
house.

[0130] If the subject would e.g. fall to the ground, the
breathing signal would momentarily be lost due to the fast
movements (acceleration/deceleration) during the fall. This
time variation of the monitored breathing rate is identified
by the fall-event detection unit as being indicative of a fall
event, and provides a fall-event signal. Once the person lies
still on the floor, the fall-determination device continues
tracking the breathing rate and compare it with the pre-fall
levels. The analysis of the subject-activity data before the
provision of event (e.g. a substantially constant breathing
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rate plus a sudden gap in the breathing data) and after the
event is used to both identify a fall and determine, coarsely,
its type. For example:

[0131] Ifthe subject is still detected in the room and the
values before and after the gap in data are roughly the
same, it could simply mean that there was no real fall
but just an issue in detection, blind spot, loss of
synchronization with chest movements, etc. Similarly,
the person may have lied down on the floor to perform
yoga.

[0132] Ifthe subject is still detected in the room and the
breathing values after the time gap are somewhat
higher, it could mean that the person has suffered a
near/soft fall, leading to a moderate increase/irregular-
ity in breathing rate. The fall-classification device sys-
tem interprets this as indicative of a near accident and
keeps track of the statistics without any real time action
required.

[0133] Ifthe subject is still detected in the room and the
breathing values after the time gap are significantly
higher or above certain thresholds, it could mean that
the subject has suffered a dangerous situation and as a
result is nervous/worried/hurt, which inevitably leads
to the increase/irregularity in breathing rate. The sens-
ing system interprets this as indicative of an accident
urgently requiring attention.

[0134] Ifthe subject is still detected in the room and the
values after the gap are significantly lower or below
certain thresholds, it could mean that the subject has
suffered an even more dangerous situation that has
rendered them unconscious (and therefore less respon-
sive, not psychologically stressed, etc. which would
have elevated their breathing rate). This could indicate
immediate, highly urgent attention by first responders.

[0135] FIG. 2 shows a schematic diagram of another
exemplary fall-classification arrangement 250. In this par-
ticular example, the wireless transmitters 101, 103, 105 and
107, and the fall-classification device 100 are network nodes
of a wireless communication network. In particular, the
devices stated above are network nodes of a wirelessly
controllable lighting arrangement. For example wireless
transmitter 101 is a wirelessly controllable lighting device in
the form of a luminaire installed on a ceiling of room 200.
Wireless transmitter 103 is for instance an “EXIT” sign that
also includes a wirelessly controllable light emitting. Wire-
less transmitter 105 is a switch configured to wirelessly
control the operation of luminaire 101. Wireless transmitter
107 is a socket that is also configured to wirelessly provide
use data. The fall-classification device 100 is in this par-
ticular example integrated in a wireless communication
network control device, such as a hub, a bridge, a router, an
access point, a gateway, etc. In other examples, the fall-
classification device can be integrated in any type of node of
the wireless communication network. A subject S is in the
room standing, as indicated by the solid line. The fall-
classification device 100 monitors subject-activity metrics
associated to the subject using the wireless communication
signals provided by the nodes of the fall-detection arrange-
ment 250. At a given moment in time, the person S falls to
the floor, as indicated by the discontinuous line. The fall-
event is detected by the fall-event determination unit of the
device 100, which provides a fall-event signal indicative
thereof.
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[0136] The classification of the fall-event might be com-
promised if the location of the person after the fall-event
does not allow for a received wireless communication signal
with sufficient signal quality. This could be due to the person
no longer being within the sensing volume, the person
presenting a smaller target once in the floor, the wireless
communication signal being less reliable at certain heights,
e.g. due to multipath behavior in the room, or if a person is
surrounded by many other people after the fall, etc.

[0137] Under these circumstances, an exemplary fall-clas-
sification device is optionally configured to reconfigures
itself upon detecting events that could indicate a possible fall
(e.g. normal breathing rate followed by lack of breathing
information) In this exemplary fall detection arrangement
250, the fall-event detection unit 108 is configured, upon
determination of the fall event, to provide to the external
wireless transmitters, directly in a single hop communica-
tion or indirectly via a multi-hop communication, a trans-
mission-adjustment request.

[0138] The transmission-adjustment request can be, for
instance, indicative of a request to one or more of the
wireless transmitters 101, 103, 105, 107, for providing the
wireless communication signals with an increased transmis-
sion power. This increases the sensitivity of the determina-
tion of the signal quality values after the fall, which are
relevant for the classification of the fall-event into one of the
predetermined types of fall.

[0139] Additionally, or alternatively, the transmission-ad-
justment request is, for instance, a request to increase a
number of external wireless transmitters that provide wire-
less communication signals for the determination of the
signal-quality values. For example, if before the determina-
tion of the fall-event, only devices 101, 103 and 105 were
providing the wireless communication signals for the deter-
mination of the signal-quality data and, based thereon, of the
subject-activity data of the plurality of subject-activity met-
rics, the transmission-adjustment request can be indicative
of a request to device 107 to also provide wireless commu-
nication signals for the determination of the subject-activity
data of the subject who is now on the floor.

[0140] Alternatively, the transmission-adjustment request
can be indicative of a request to receive wireless commu-
nication signals from a predetermined set of wireless trans-
mitters. This enables a change in the sensing topology, for
example from using signals provided by the ceiling lights
only to using signals from those transmitters which are
expected to be closer to the ground like plugs and light
strips, or from single floor sensing to inter-floor sensing in
case of this happening on other floors. Inter-floor sensing
refers to the use of wireless communication signals provided
by wireless transmitters that are located in another floor,
typically in the floor below. A person that has fallen on the
ground has a larger impact on those signals coming from the
ceiling of the floor below than when the person is standing.
[0141] In another exemplary fall-classification device, the
subject-activity data determination unit 106 is configured to
be operable using at least a high sensitivity grade and a low
sensitivity grade for determining the subject-activity data.
Typically the subject-activity data determination unit oper-
ates using the low sensitivity grade, since is uses less
resources. In this fall-classification device, and upon deter-
mination of a fall-event, the fall-event detection unit 108 is
configured to provide to the subject-activity data determi-
nation unit 106 a sensitivity-increase request signal. The
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subject-activity data determination unit 106, upon reception
of the sensitivity-increase request signal is configured to
increase the sensitivity from the low sensitivity grade to the
high sensitivity grade for determining the subject-activity
data during the second time span.

[0142] In another exemplary fall-classification arrange-
ment, the fall-classification device 100 is optionally config-
ured to use other subject-activity metrics and the related
subject-activity data obtained in the before- and after-the-
fall-event periods. For example, a fall-classification arrange-
ment installed in a retail store can measure both breathing
rate as well keep track of the direction of motion as two
monitored subject-activity metrics. This way, falls can be
more accurately detected as now multiple factors indicative
of the fall can be detected by the fall-classification device
(e.g. momentary gap in breathing rate data as well as a lack
of major or even minor motion after the fall).

[0143] The fall-event detection unit 108 of the fall-clas-
sification device 100 is optionally configured, upon deter-
mination of a fall-event, to provide to the subject-activity
data determination unit 106 a metric-addition request signal
that is indicative of a request to determine subject-activity
data of an additional subject-activity metric. The fall-event-
type determination unit 110 is configured to determine the
type of fall additionally using the subject-activity data of the
additional subject-activity metric.

[0144] Thus, he proposed additional subject-activity met-
ric also enables a further refinement of the fall classification.
For instance, the metric-addition request signal is now
indicative of a request to determine subject-activity data
indicative of a gait of the subject, which is the exemplary
additional subject-activity metric. If the values of breathing
rate after the fall-event are significantly lower than before
the fall, but subject-activity data determination unit still
determines the usual gait associated with normal walking
without pain after the suspected fall, the suspicious motion
activity could simply indicate a false negative on breathing
(i.e. there was really no fall).

[0145] If the values of breathing rate after the fall are
significantly higher than before the fall and the subject-
activity data determination unit detects a walk with unusual
gait, this could indicate that the person might have fallen but
either got up, is crawling in a certain direction, or is walking
painfully. The fall-type signal provided in this case can be
therefore a request to dispatch an employee to check on
consumer but not to call the emergency services, or simply
determine that it was a soft, inconsequential fall but that had
no major medical impact beyond scaring the customer. On
the other hand, increased breathing rate with no/very low
motion activity could indicate a person conscious but no
longer able to move.

[0146] In another exemplary fall-classification device 100
the fall-event detection unit 108 is further configured to
determine a fall-event time span indicative of a duration of
the fall-event of the subject S within the sensing volume V
and to provide a fall-duration signal indicative thereof. In
this exemplary fall-classification device 100, the fall-event
type classification unit 110 is further configured to determine
the type of fall further using the provided fall-duration
signal.

[0147] For example, a person might simple faint due to
e.g., an aneurism, low blood pressure dip, etc. In this
situations the subject becomes unconscious and, as a result,
the body simply drops, in the sense that the subject cannot
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do anything to slow or soften the fall. This fall results is a
quick fall-event of less than 1 second, sometimes even less
than half a second. On the other hand, a person might trip on
something and still manage to hold onto something (furni-
ture, objects, etc.) resulting in a soft fall or a near-fall. The
suddenly holding onto something is a natural reaction from
people to avoid damaging themselves during the fall, and,
even though the holding might not prevent the subject
ending up on the floor, it might be enough to slow the
fall-event and prevent serious injuries.

[0148] The subject-activity data determination unit 106 is
configured to determine a time series of the position of the
torso of the subject, as the torso is the body mass which
contributes the most to radiofrequency based detection.
Hence, by analyzing how the torso shifts in height and
classifying different speeds of the torso, the type of fall can
be inferred. For instance, the subject-activity data determi-
nation unit 106 determines data that is indicative of the fact
that the subject distorting the radiofrequency communica-
tion signals W is gradually shrinking, which could be simply
because the person is gradually moving towards the floor, or
curling up, etc. On the other hand, a sudden variation the
body mass interacting with the wireless communication
signals W can be indicative of a fast fall event. How fast
these transitions have occurred, i.e. how long the fall-event
time span is, is an indication of how much the person was
able to prevent the fall and thus provides an indication for
the classification of the fall-type, in particular in view of the
risk of injury.

[0149] This particular fall-classification device 100 is
advantageously suitable to determine to some certainty
whether a fall-event could have been staged or faked. For
example, if a goal is to scam an insurance company by
claiming to have fallen to the ground, the subject might
prefer to comfortably lower himself to the floor rather than
abruptly dropping and risking hurting himself for real. This
can be enriched by comparing other subject-activity metrics
such as vital signs, e.g. breathing rates. A person who
accidentally falls might exhibit a clearer difference between
the before—and after the fall—breathing rates, as they
would have normally been clam before the fall event.
Someone who is intent on faking a fall would probably be
nervous upfront, therefore having a higher breathing rate,
and would not be as surprised after the event, which results
in a lower difference in the breathing rate with respect to the
pre-tall state.

[0150] The fall-event detection unit 108 of the fall-clas-
sification device 100 may also be additionally or alterna-
tively configured to ascertain context-data indicative of a
current context of the sensing volume, and to determine the
fall-event further in dependence on predetermined associa-
tions between different contexts of the sensing volumes with
an expected occurrence of the fall event. Thus, in addition to
the subject-activity metrics that can dynamically be mea-
sured via RF sensing by the fall-classification device 100,
the fall-classification arrangement 150, 250 can rely on other
sources of context that can increase the likelihood that a
possible event is indeed a fall. For example areas more prone
to spills or wet surfaces (bathrooms/toilets, kitchens,
machinery rooms, fountains, outdoor areas, especially if
they are fitted with slippery tiles, isles in supermarket where
liquids in glass bottles are stacked, etc.) are more likely
locations for people slipping. Also, the type of action taking
place in that area before/during the fall event can be used as
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context data to refine the fall-event determination. The types
of action can further increase a likelihood of a fall event
being real (e.g. in a bathroom in the middle of the day vs in
a bathroom directly after a shower), or simply make any area
potentially more hazardous (e.g. cleaning crew just finished
in a certain aisle in a supermarket). Additionally, basic
information like time of day (a person might pay less
attention when going to the toilet at night than during the day
since they are probably sleepy), environmental conditions
(was there sufficient light to prevent stumbles), presence of
sources of distractions (e.g. pets, kids that could leave toys
lying around, etc.) can be used as context data for further
refining the determination of the occurrence of the fall event
or the type of fall event.

[0151] FIG. 3 shows a schematic flow diagram of a
method 300 for operating a fall-classification device. The
method comprises, in a step 302, receiving, at a receiver
unit, wireless radiofrequency communication signals from
one or more external wireless transmitters that, together with
the receiver unit, define a respective sensing volume for
sensing a plurality of subject-activity metrics, e.g., presence,
motion, acceleration, gestures, gait, breathing rate, heart
rate, etc., indicative of a respective subject activity of one or
more subjects located within the sensing volume. The
method also comprises, in a step 304, determining and
providing a respective signal-quality value sequence includ-
ing signal-quality values obtained at different points in time,
the signal-quality values being indicative of a signal strength
of the received wireless communication signal or being
indicative of a channel state of a wireless communication
link between a respective one of the external wireless
transmitter and the receiver unit or being indicative of any
other suitable signal-quality metric that is correlatable to a
subject-activity. The method also comprises, in a step 306,
determining and providing, using the provided signal-qual-
ity value sequence, respective subject-activity data indica-
tive of at least two subject-activity metrics of the subject
within the sensing volume. Further, the method comprises,
in a step 308, determining, based on a time variation of at
least one of the at least two subject-activity metrics, whether
a fall-event of the subject within the sensing volume has
occurred and providing a fall-event signal indicative thereof.
The method also comprises, in a step 310, and upon recep-
tion of the fall-event-signal, determining, using a predeter-
mined algorithm, a type of fall from a predetermined set of
detectable types of fall using the subject-activity values of at
least two subject-activity metrics determined during a first
time span before the determination of the fall-event and
during a second time span after the determination of the
fall-event, and providing a fall-type signal indicative
thereof.

[0152] The method 300 may optionally comprise, in a step
309, and upon determining the fall event, providing a
transmission-adjustment request, indicative of:

[0153] arequest to the external wireless transmitters for
providing the wireless communication signals with an
increased transmission power; or

[0154] a request to increase a number of external wire-
less transmitters that provide wireless communication
signals for the determination of the signal-quality val-
ues; or

[0155] a request to receive wireless communication
signals from a predetermined set of external wireless
transmitters; or any combination thereof.
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[0156] FIG. 4 shows a schematic flow diagram of another
embodiment of a method 400 for operating a fall-classifi-
cation device. The method 400 of FIG. 4 additionally
comprises, in a step 402, providing, upon determination of
a fall-event, a metric-addition request signal that is indica-
tive of a request to determine subject-act values of an
additional subject-parameter; and, in a step 404, determining
the type of fall additionally using the subject-parameter
values of the additional subject-parameter.

[0157] FIG. 5 shows a flow diagram of an embodiment of
a method 500 for operating a fall-classification arrangement.
The method comprises, in a step 502, providing wireless
communication signals; and performing the method of FIG.
3or4.

[0158] FIG. 6 shows a schematic diagram of an embodi-
ment of a fall-determination device 600 forming part of a
fall-determination arrangement 650. The fall-determination
device comprises a receiver 602 unit configured to receive
wireless radiofrequency communication signals W from one
or more wireless transmitters 601, 603 of the arrangement
650 which, together with the receiver unit 602, define a
respective sensing volume V1, V3 for sensing one or more
subjects S located within the sensing volume. The fall-
determination device 600 also comprises a signal quality
determination unit 604 that is connected to the receiver unit
602 and that is configured to determine and provide a
respective signal-quality value sequence including signal-
quality values obtained at different points in time, the
signal-quality values being indicative of a signal strength of
the received wireless communication signal W or being
indicative of a channel state of a wireless communication
link between a respective one of the external wireless
transmitter and the receiver unit or being indicative of any
other suitable signal-quality metric that is correlatable to a
fall movement of the subject S. The fall-determination
device 600 also comprises a fall-event detection unit 606
that is connected to the signal quality determination unit 604
and configured to receive the signal-quality value sequence
therefrom. The fall-event determination unit 606 is further
configured to ascertain context-data indicative of a current
context of the sensing volume V1, V3 and/or of the subject
or subjects S located within the sensing volume and to
determine, using the received signal-quality value sequence
and the ascertained context-data whether a fall of a subject
in the sensing volume has occurred. FIG. 7 shows a flow
diagram of an embodiment of a method 700 for operating a
fall-determination device. The method comprises, in a step
702, receiving wireless radiofrequency communication sig-
nals, in particular from one or more external wireless
transmitters which, together with a receiver unit of the
fall-determination device, define a respective sensing vol-
ume for sensing one or more subjects located within the
sensing volume. The method comprises, in a step 704,
determining and providing a respective signal-quality value
sequence including signal-quality values obtained at differ-
ent points in time, the signal-quality values being indicative
of a signal strength of the received wireless communication
signal or being indicative of a channel state of a wireless
communication link between a respective one of the external
wireless transmitter and the receiver unit of the fall-deter-
mination device or being indicative of any other suitable
signal-quality metric that is correlatable to a subject-activity.
The method comprises, in a step 706, ascertaining context-
data indicative of a current context of the sensing volume
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and/or of the subjects located within the sensing volume.
The method also comprises, in a step 708, determining,
using the received signal-quality value sequence and the
ascertained context-data whether a fall of a subject in the
sensing volume has occurred.

[0159] The method 700 may optionally comprise the steps
of determining 710 whether an assistance, e.g. medical
assistance, is required for the person that has fallen and
providing 712 an assistance-required signal indicative
thereof, for instance to a medical or care institution.
[0160] In summary, the invention is directed to a fall-
classification device with a receiver unit configured to
receive wireless communication signals from wireless trans-
mitters and a subject-activity data determination unit con-
figured to determine and provide, using signal-quality values
determined by a quality signal determination unit, respective
subject-activity data indicative of at least two subject-
activity metrics of a subject within a sensing volume. A
fall-event detection unit is configured to determine, based on
a time variation of the subject-activity data of at least one
subject-activity metric, whether a fall-event has occurred. A
fall-event type classification unit is configured, using a
predetermined algorithm and subject-activity data of at least
two subject-activity metrics determined during a first time
span before and a second time span after the determination
of the fall-event, to determine a fall type, from a predeter-
mined list of fall types, with increased accuracy.

[0161] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims.

[0162] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality.

[0163] A single unit or device may fulfill the functions of
several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage.

[0164] A computer program may be stored/distributed on
a suitable medium, such as an optical storage medium or a
solid-state medium, supplied together with or as part of other
hardware, but may also be distributed in other forms, such
as via the Internet or other wired or wireless telecommuni-
cation systems.

[0165] Any reference signs in the claims should not be
construed as limiting the scope.

1. A fall-classification device, comprising:

a receiver unit configured to receive wireless radiofre-
quency communication signals from one or more exter-
nal wireless transceivers that, together with the receiver
unit define a respective sensing volume for sensing a
plurality of subject-activity metrics indicative of a
respective subject activity of one or more subjects
located within the sensing volume;
signal quality determination unit connected to the
receiver unit and configured to determine and provide
a respective signal-quality value sequence including
signal-quality values obtained at different points in
time, the signal-quality values being indicative of a
signal strength of the received wireless communication
signal or being indicative of a channel state of a
wireless communication link between a respective one
of the external wireless transceiver and the receiver unit

15

Feb. 15, 2024

or being indicative of any other suitable signal-quality
metric that is correlatable to a subject-activity;

a subject-activity data determination unit configured to
determine and provide, using the provided signal-
quality value sequence, respective subject-activity data
indicative of at least two subject-activity metrics of the
subject within the sensing volume;

a fall-event detection unit connected to the subject-activ-
ity data determination unit and configured to receive
the subject-activity data and, based on a time variation
of the subject-activity data of at least one subject-
activity metric, to determine whether a fall-event of the
subject within the sensing volume has occurred and to
provide a fall-event signal indicative thereof, wherein
the fall-event detection unit is configured, upon deter-
mination of the fall event, to provide to the external
wireless transceivers a transmission-adjustment
request, indicative of:

a request to the external wireless transceivers for pro-
viding the wireless communication signals with an
increased transmission power and/or to modify a
transmission beam for transmitting the wireless com-
munication signals, or

request to increase a number of external wireless
transceivers that provide wireless communication
signals for the determination of the signal-quality
values, or

request to receive wireless communication signals
from a predetermined set of external wireless trans-
ceivers,

or any combination thereof; and

a fall-event type classification unit connected to the fall
event-detection unit and to the subject-activity data
determination unit and configured, upon reception of
the fall-event-signal, to determine, using a predeter-
mined algorithm, a type of fall from a predetermined
set of detectable types of fall using the subject-activity
data of at least two subject-activity metrics determined
during a first time span before the determination of the
fall-event and during a second time span after the
determination of the fall-event, and to provide a fall-
type signal indicative thereof.

2. The fall-classification device of claim 1, wherein the
fall-event detection unit comprises a storage unit comprising
fall-data that associates predetermined time variations of the
subject-activity data of the respective subject-activity met-
rics with an expected occurrence of a fall event, and wherein
the fall-event detection unit is configured to determine
whether the fall-event has occurred using the stored fall data.

3. The fall-classification device of claim 1, wherein the
fall-event type classification unit comprises a storage unit
comprising fall-type data that associates predetermined
combinations of time variations of two or more subject-
activity data with a respective fall-type, and wherein the
fall-event classification unit is configured to determine the
type of fall using the stored fall-type data.

4. The fall-classification device of claim 1, wherein

the subject-activity data determination unit is configured
to be operable using at least a high sensitivity grade and
a low sensitivity grade for determining the subject-
activity data; wherein
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upon determination of a fall-event, the fall-event detec-
tion unit is configured to provide to the subject-activity
data determination unit a sensitivity-increase request
signal; and wherein

the subject-activity data determination unit, upon recep-

tion of the sensitivity-increase request signal is config-
ured to increase the sensitivity from the low sensitivity
grade to the high sensitivity grade for determining the
subject-activity data during the second time span.

5. The fall-classification device of claim 1, wherein the
fall-event detection unit is configured, upon determination
of a fall-event, to provide to the subject-activity data deter-
mination unit a metric-addition request signal that is indica-
tive of a request to determine subject-activity data of an
additional subject-activity metric, and wherein the fall-
event-type determination unit is configured to determine the
type of fall additionally using the subject-activity data of the
additional subject-activity metric.

6. The fall-classification device of claim 1, wherein the
fall-event detection unit is further configured to determine a
fall-event context indicative of a duration of the fall-event of
the subject within the sensing volume, or of a fall vertical
distance, or of a fall end height, or of a maximum fall speed
of' the fall-event of the subject within the sensing volume and
to provide a fall-context signal indicative thereof, and
wherein the fall-event type classification unit is further
configured to determine the type of fall further using the
provided fall-context signal.

7. The fall-classification device of claim 1, wherein the
fall-event detection unit is further configured to ascertain
context-data indicative of a current context of the sensing
volume, and to determine the fall-event further in depen-
dence on predetermined associations between different con-
texts of the sensing volumes with an expected occurrence of
the fall event.

8. The fall-event classification device of claim 1, wherein
the fall-event detection unit is further configured to ascertain
context-data indicative of a current context of the sensing
volume and to determine, using the fall-type signal and the
context-data whether an assistance is required for the fallen
subject and to provide an assistance-required signal indica-
tive thereof.

9. A fall-classification arrangement comprising:

at least one fall-classification device in accordance with

claim 1; and

one or more wireless transceivers configured to provide

the wireless communication signals to the at least one
fall-classification device.

10. Method for operating a fall-classification device, the
method comprising:

receiving, at a receiver unit, wireless radiofrequency

communication signals from one or more external
wireless transceivers that, together with the receiver
unit, define a respective sensing volume for sensing a
plurality of subject-activity metrics indicative of a
respective subject activity of one or more subjects
located within the sensing volume;

determining and providing a respective signal-quality

value sequence including signal-quality values
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obtained at different points in time, the signal-quality

values being indicative of a signal strength of the

received wireless communication signal or being
indicative of a channel state of a wireless communica-
tion link between a respective one of the external
wireless transceiver and the receiver unit or being
indicative of any other suitable signal-quality metric
that is correlatable to a subject-activity;

determining and providing, using the provided signal-
quality value sequence, respective subject-activity data
indicative of at least two subject-activity metrics of the
subject within the sensing volume;

based on a time variation of at least one of the at least two
subject-activity metrics, determining whether a fall-
event of the subject within the sensing volume has
occurred and providing a fall-event signal indicative
thereof;

upon determination of the occurance of the fall event,
providing to the external wireless transceivers a trans-
mission-adjustment request, indicative of:

a request to the external wireless transceivers for pro-
viding the wireless communication signals with an
increased transmission power and/or to modify a
transmission beam for transmitting the wireless com-
munication signals, or
request to increase a number of external wireless
transceivers that provide wireless communication
signals for the determination of the signal-quality
values, or
request to receive wireless communication signals
from a predetermined set of external wireless trans-
ceivers,

or any combination thereof; and

upon reception of the fall-event-signal, determining,
using a predetermined algorithm, a type of fall from a
predetermined set of detectable types of fall using the
subject-activity data of at least two subject-activity
metrics determined during a first time span before the
determination of the fall-event and during a second
time span after the determination of the fall-event, and
providing a fall-type signal indicative thereof.

11. (canceled)

12. The method of claim 10, further comprising:

providing, upon determination of a fall-event, a metric-

addition request signal that is indicative of a request to
determine subject-act values of an additional subject-
parameter; and

determining the type of fall additionally using the subject-

parameter values of the additional subject-parameter.

13. A method for operating a fall-classification arrange-
ment, comprising:

providing wireless communication signals; and

performing the method of any of the claim 10.

14. A computer program comprising instructions that,
when executed by a computer, cause the computer to carry
out the methods of claim 10.

#* #* #* #* #*



