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7) ABSTRACT

A monitoring system and method for early detection of fall
risk. A rise-state of a subject occupying a bed is detected. In
response to the detection of the rise-state, blood pressure
measurement of the subject is triggered. An alarm when the
measured blood pressure is not within a selected range of
blood pressures.
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EARLY ACUTE FALL RISK DETECTION

BACKGROUND

[0001] 1.Field

[0002] Embodiments of the present invention relate to a
monitoring system and method for early detection of fall risk
of a subject.

[0003] 2. Description of the Related Art

[0004] When a person stands up, blood vessels respond to
gravity by narrowing. This compensation ensures a steady
supply of oxygenated blood to the brain. Orthostatic hypoten-
sion, also called as postural hypotension, is a condition where
compensatory mechanisms to increase blood pressure are
delayed and may result in dizziness and even falls.

[0005] For elderly and physically weakened people a fall
often occurs as a result of such lowered brain blood pressure
when standing up. Fall accidents of elderly or otherwise
weakened people result in a lot of suffering and high health
care costs. Therefore detection of fall risk situations is very
important.

[0006] In an existing system, a mat that includes pressure
sensors is placed by the bed of a patient, and used to detect if
the patient stands up. The mat detects when the patient places
his feet thereon, and in order to avoid a possible risk of a fall,
alarms the healthcare workers that a patient is getting out of
the bed.

[0007] A problem with a separate mat placed by the bed is
the possible risk of tripping on it. Furthermore a separate mat
complicates cleaning of the floor, which is an important
aspect especially in hospitals. Another problem with this type
of device is also that it will send out an alarm for anyone
stepping on it, notwithstanding whether the stepper is a
patient, or whether the patient is dizzy and in a risk of falling
or not.

SUMMARY

[0008] An object of the present invention is to provide an
improved solution for detecting a fall risk of a subject getting
out of bed. The objects of the present invention are achieved
with a monitoring system, a bed, a method, and a computer
program product according to the claims.

[0009] Embodiments of the present invention use a combi-
nation of bed occupancy and position sensing and blood
pressure sensing. The detection includes detecting whether a
subject occupying a bed intends to get up and then detecting
whether the blood pressure of the subject responds appropri-
ately for the subject to safely stand up.

[0010] Further advantages of the invention are discussed in
more detail with the following embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the following the invention will be described in
greater detail, in connection with various embodiments, with
reference to the attached drawings, in which

[0012] FIG. 1 illustrates basic elements applied in a moni-
toring systeni;

[0013]
unit; and
[0014] FIG. 3 is a flow diagram illustrating a method for
early detection of a fall risk of a subject.

FIG. 2 illustrates functional elements of a control
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DETAILED DESCRIPTION

[0015] The following embodiments are exemplary.
Although the specification may refer to “an”, “one” or
“some” embodiment(s), this does not necessarily mean that
each such reference is to the same embodiment(s), or that the
feature only applies to a single embodiment. Single features
of different embodiments may be combined to provide future
embodiments.

[0016] In the following, features of the invention will be
described with a simple example of a system and method for
detection of a fall risk in which various embodiments of the
invention may be implemented. Only elements relevant for
illustrating the embodiments are described in detail. Various
implementations of, for example, blood pressure measure-
ment and inclination detection are generally known to a per-
son skilled in the art and may not be specifically described
herein.

[0017] The schematic presentation of FIG. 1 illustrates
basic elements applied in embodiments of the invention.
Embodiments of the invention are related to a monitoring
system that includes devices or means for detecting a rise
state of a subject, devices or means for measuring blood
pressure of the subject, and devices or means for inducing an
alarm.

[0018] Typically the subject is a human subject 100 sche-
matically shown in FIG. 1. The invention is, however, appli-
cable to any type of subjects that have a heart and blood
circulation, and are able to get up from a rest position; thus
also to some animal species.

[0019] The monitoring system is advantageously applied
with a bed 102, meaning a structure where the subject can
safely reside, and from which the subject can get up at one’s
own will. The term bed refers here thus to any type of struc-
ture in which the subject can rest without exerting himself,
typically supported against gravity. Advantageously, the bed
provides a horizontal plane suitable for lying down. The bed
may also include a construction that is at least partly tiltable
1.e. where at least one end can be tilted or lifted so that the
person in the bed rests in a sitting or half-sitting position.
Examples of beds include pieces of furniture with a frame and
mattress, hospital equipment, stretchers, bunks, and the like.
[0020] The monitoring system is configured to be applied
with the bed to monitor the subject. The monitoring system
may thus include one or more separate elements fixedly or
detachably coupled to the bed, or included as an integral part
of the bed. Embodiments of the invention thus include also a
bed that includes at least part of the elements of the monitor-
ing system.

[0021] When the subject 100 rests in the bed 102, the sys-
tem is configured to detect a bed occupancy state. Bed occu-
pancy has been monitored already in some conventional
monitoring systems, and any of those known methods may be
applied within the scope. For example, it is possible to place
one or more pressure sensors to positions under the subject,
and detect the bed occupancy state in response to signals from
those pressure sensors.

[0022] The exemplary embodiment of FIG. 1 shows a new
advantageous method of detecting bed occupancy with an
inclinometer 104 attached to the bed. When the subject is in
the bed, his heart pumps blood in cyclic contractions through
a network of arteries and veins. This myocardial activity of
the heart causes mechanical movements of the body of the
subject. These movements induce motion in the bed, and this
bed motion can be detected with an accelerometer or a special



US 2015/0223761 Al

accelerometer for inclination measurement (inclinometer).
Bed occupancy can thus be detected with minimal equipment.
The same accelerometer or inclinometer can even be used to
detect also the rise state of the subject, as will be discussed
later on.

[0023] As long as the subject rests in the bed, he can toss
and turn, but all in all, he can be considered to be safe. When
he decides to get up, he has to move in a specific way in the
bed. In embodiments of the invention, a specific set of
detected motion is interpreted to indicate that the subject
intends to get out of the bed, i.e. to indicate rise state of the
subject. Whenever this set of motion is detected, the moni-
toring system deems that the subject has transferred to a rise
state.

[0024] Therise state may be detected directly from a sensor
attached to the subject. For example, the means for detecting
arise state may include an altimeter 106 attached to the upper
body part (head, shoulder, etc.) of the subject. A reference
level of the altimeter may be set to the level of the horizontal
plane of the bed. Before the subject can get up, he has tositup.
When he sits up in the bed, the height of the altimeter changes
accordingly. In this example, a motion used for identifying
the rise state is thus increase in the detected height from the
reference level, and the rise state may be detected when the
increase exceeds a specific threshold.

[0025] Alternatively, the rise state may be detected indi-
rectly from movement of the bed along with movement of the
subject. For example, the means for detecting a rise state may
include a MEMS inclinometer 104 connected to the bed 102
to detect changes in inclination of it. For modelling purposes,
the subject may be considered as a center of gravity of an
object on the bed. When a subject lies in the bed, the center of
gravity in the bed is located centrally in relation to the sides of
the bed, and closer to the head end of the bed in a longitudinal
direction (direction of a length dimension of the horizontal
plane of the bed). When the subject sits up, the head and the
upper body are lifted up, and the center of gravity moves
toward the foot end of the bed. This changes the longitudinal
inclination of the bed. On the other hand, when the subject
moves toward a side of the bed and moves his legs over the
side of the bed, the center of gravity in the bed moves toward
the side of the bed. This changes bed inclination in the trans-
verse direction. As an example, the rise state may be detected
from detected motion of the bed, here by detecting succes-
sively change in a longitudinal inclination and a change in the
transverse inclination.

[0026] The means for detecting the rise state may include
oneor more sensors. As discussed earlier, the rise state may be
detected with an accelerometer or inclinometer applied for
detection of the bed occupancy state. For example, it has been
detected that recoil of the body to the heartbeat of the subject
tends to vibrate the bed in the longitudinal direction. This
vibration may be detected in 0.5 . . . 3 Hz frequency band—
typically about 60 beats per minute—with an advanced incli-
nometer. The sensor used in the bed may preferably be a low
noise sensor, with a low signal to noise ratio e.g. 20-30
LG Hz, such as the SCA100T inclinometer of Murata™. A
sensor like this can detect a ballistocardiologic signal, and
also changes in inclinations of merely fractions of degrees of
an angle. The amplitude of the vibration is of the order of ~1
mg (g stands for the Earth’s standard acceleration due to
gravity), and typically the ballistocardiological signal of the
vibration requires amplification before further analog-to-
digital conversion. The same sensor may be used to detect
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longitudinal and/or transverse inclinations caused by move-
ments of the subject. Typically the motion signal is not ampli-
fied in order to avoid saturation. The SCA100T is a dual-axis
inclinometer, which allows detection of inclinations in longi-
tudinal and transversal directions.

[0027] Itis noted that the invention is not, however, limited
to any specific sensor type or to any number of sensors. One
or more sensors can be used separately or in combination in
the means for detecting the rise state. In addition, the above
described detected motions (sitting up, moving to the side) of
the subject provide easily identifiable signal states to be asso-
ciated to his intention to get up. Other motions and signal
states may, however, be applied within the scope.

[0028] The system for detecting the rise state may include a
sensor unit 104 with one or more sensors, and a control unit
108 communicatively coupled to the sensor unit 104 to input
signals for further processing.

[0029] The sensor unit 104 represents here a functional
element for a system in which rise state of a subject occupying
a bed is detected by identifying a specific set of detected
motions of the subject or the bed. The sensor unit comprises
at least one motion sensor and a support structure for
mechanical coupling of the at least one motion sensor to the
subject or the bed. The mechanical coupling enables genera-
tion of a motion signal that represents a detected motion of the
bed or the subject, which detected motion is one of the spe-
cific set of detected motions that enable identification of the
rise state of the subject from the bed. The sensor unit includes
also an interface for transmitting signals of the motion sensor
to a control unit of the system.

[0030] The sensorunit may be an embedded element where
he coupling between the control unit and the sensor unit is
electrical, allowing both power supply to the sensor unit, as
well as wireline exchange of signals between the sensor unit
and the control unit. The sensor unit 104 may, alternatively, be
a standalone unit with own power supply and/or radio inter-
face to the control unit. The one or more sensors of the
standalone sensor unit may be incorporated into one physical
element, or they may be physically separate components that
are communicatively coupled to each other or to the control
unit for combined use in rise state detection. The sensor unit
and control unit may even be implemented as one integrated
physical device.

[0031] The control unit 108 represents here another func-
tional element for the system in which rise state of a subject
occupying a bed is detected by identifying the specific set of
detected motions of the subject or the bed. The block chart of
FIG. 2 illustrates in more detail functional elements of the
control unit 108. The control unit 108 is a device that may
include a processing component 210. The processing compo-
nent 210 refers to a combination of one or more computing
devices for performing systematic execution of operations
upon predefined data. The processing component may
include one or more arithmetic logic units, a number of spe-
cial registers and control circuits. The processing component
may include or may be connected to a memory unit 212 that
provides a data medium where computer-readable data or
programs, or user data can be stored. The memory unit may
include one or more units of volatile or non-volatile memory,
for example EEPROM, ROM, PROM, RAM, DRAM,
SRAM, firmware, programmable logic, etc.

[0032] The control unit 204 may also include, or be con-
nected to an interface unit 214 that comprises at least one
input unit for inputting data to the internal processes of the
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control unit, and at least one output unit for outputting data
from the internal processes of the control unit.

[0033] If a line interface is applied, the interface unit 214
typically includes plug-in units acting as a gateway for infor-
mation delivered to its external connection points and for
information fed to the lines connected to its external connec-
tion points. If a radio interface is applied, the interface unit
214 typically includes a radio transceiver unit, which includes
a transmitter and a receiver. A transmitter of the radio trans-
ceiver unit may receive a bitstream from the processing com-
ponent 210, and convert it to a radio signal for transmission by
an antenna. Correspondingly, the radio signals received by
the antenna may be led to a receiver of the radio transceiver
unit, which converts the radio signal into a bitstream that is
forwarded for further processing to the processing compo-
nent 210. Different line or radio interfaces may be imple-
mented in one interface unit.

[0034] The interface unit 214 may also include a user inter-
face with a keypad, a touch screen, a microphone, or equals
for inputting data and a screen, a touch screen, a loudspeaker,
or equals for outputting data to a user of the device. The user
interface may be applied to output a triggered alarm.

[0035] The processing component 210, the memory unit
212, and the interface unit 214 are electrically interconnected
to provide means for performing systematic execution of
operations on the received and/or stored data according to
predefined, essentially programmed processes. These opera-
tions include the procedures described herein for the control
unit of the monitoring system of FIG. 1.

[0036] Returning to FIG. 1, the sensor unit 104 and the
control unit 108 of FIG. 1 may be included in a local node by
the bedside of the subject. In addition, the local node may be
communicatively connected to a remote node 110. The
remote node 110 may be, for example, an application server
that provides a monitoring application and generates related
alarms as a service to one or more users. Alternatively, the
remote node may be a computing device into which a moni-
toring application has been installed. The local node may be
a dedicated device or combination of devices including the
sensor unit and the control unit coupled together as described
above. Alternatively, at least part of the local node may be
implemented as a portable or wearable sensor unit that inter-
faces a client application in a dedicated or multipurpose com-
puter device (for example a mobile phone, a portable com-
puting device, or network terminal of a user). A client
application in the computer device may interface the sensor
unit and a server application. The server application may be
available in the control unit 108, a physical remote node 110,
or in a cloud of remote nodes accessible through a commu-
nication network.

[0037] While various aspects of the invention may be illus-
trated and described as block diagrams, message flow dia-
grams, flow charts and logic flow diagrams, or using some
other pictorial representation, it is well understood that the
illustrated units, blocks, apparatus, system elements, proce-
dures and methods may be implemented in, for example,
hardware, software, firmware, special purpose circuits or
logic, a computing device or some combination thereof. Soft-
ware routines, which may also be called as program products,
are articles of manufacture and can be stored in any appara-
tus-readable data storage medium, and they include program
instructions to perform particular predefined tasks. Accord-
ingly, embodiments of this invention also provide a computer
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program product, readable by a computer and encoding
instructions for monitoring a subject in a device or a system
described herein.

[0038] As discussed earlier, the fall risk is greatest at the
moment when the subject stands up. To reduce the risk, the
system is configured to detect the rise state of the subject, and
in response to the detected rise state, trigger measurement of
blood pressure of the subject. The means for measuring blood
pressure 112 of the subject may include any device that gen-
erates one or more output values that represent detected char-
acteristics of arterial pressure waves of the subject. These
values may be used as such, or be further processed to indicate
blood pressure information of the user. During each heart-
beat, blood pressure varies between a maximum (systolic)
and a minimum (diastolic) pressure. A traditional non-inva-
sive way to measure blood pressure has been to use a pres-
surized cuff and detect the pressure levels where the blood
flow starts to pulsate (cuff pressure falls below diastolic pres-
sure) and where there is no flow at all (cuff pressure exceeds
systolic pressure). However, ithas been seen that users tend to
consider the measurement situations, as well as the pressur-
ized cuff tedious and even stressing, especially in long-term
monitoring.

[0039] Advantageously, blood pressure of a person in the
rise state could be measured with a pressure pulse sensor. The
pressure pulse sensor refers here to a device that includes at
least one pressure sensor detachably attached to, for example,
the arm or wrist of a user and a processing element that
transforms signals from the pressure sensor to output values.
The configuration is unnoticeable, simple and very easily
calibrated, still it provides very accurate results. A sensor of
this kind may give, for example, beat to beat times and result-
ing heart rate as well as blood pressure pulse height and other
pulse pressure data. This data may be used as such to deter-
mine the need for alarms. The data may also be used to
compute systolic and diastolic pressures, which are then used
to determine the need for alarms.

[0040] FIG. 3 is a flow diagram illustrating a method to be
implemented in the system of FIG. 1. More details on the
system may be referred from descriptions of FIGS. 1 and 2.
The process begins at a state where the system is installed and
switched on and thereafter standby (stage 30) to receive sig-
nals from sensors attached to the subject and/or the bed. At
first it is checked (stage 31) whether the bed is occupied or
not. FIG. 1 illustrated an example, where this bed occupancy
information was advantageously determined from ballisto-
cardiological signals acquired with an inclinometer attached
to the bed. As long as the bed is unoccupied, the system may
remain standby for action.

[0041] As soon as the bed is occupied, a bed occupancy
state is detected (stage 32) and monitoring indications for the
rise state may begin. If specific rise motion is detected, in this
example from motions the subject or from longitudinal and/or
transversal motions the bed (stage 33), arise state is detected
(stage 34), and blood pressure measurement is triggered
(stage 35). One or more blood pressure measurement values
(measured values, or values computed from measured values)
are compared (stage 36) to one or more specific threshold
values (stage 36). The one or more threshold values stand for
a selected range of blood pressures, and the comparison indi-
cates whether a compared pressure measurement value is
within the selected range of blood pressures or not. Typically
the selected range of blood pressures relates to pressures that
are estimated to allow the subject to stand up from a lying or
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sitting position without significantly increased risk of fall. If
the measured values are acceptable, no alarm is necessary, the
subject may stand up, and the system may return to the
standby state (stage 30). If the values are not acceptable, an
alarm is triggered (stage 38). After the alarm, the process may
return to the standby state or the rise state. This means that if
the subject does not stand up, the blood pressure will be
measured and the alarm repeated, until the blood pressure
reaches acceptable values.
[0042] The control unit giving the alarm may be imple-
mented as a small device that may be worn by the subject. It
may be adapted to alarm the subject of the risk of a fall by an
audio signal. Advantageously, the alarm may be output from
awearable device that includes the pressure pulse element for
measuring the blood pressure. Alternatively or additionally,
the control unit giving the alarm may be a separate device that
may, for example, be attached to the bed or set up in another
suitable place close to the bed.
[0043] Another alternative is an arrangement where the
alarm is additionally or exclusively directed to a member of
staff in, for example, a hospital or a residential home. This is
aviable option for subjects who may not be able to react to an
alarm themselves. Such subjects may be patients suffering
from, for example, dementia or Alzheimer’s.
[0044] The threshold values used in comparisons for trig-
gering the alarm may be predetermined values stored in the
system. Alternatively, pre-set adaptive thresholds reflecting
personal variations may be applied. For example, sensors of
the human body called baroreceptors are located in the three
major arteries, the aorta and the two carotid arteries. These
sensors detect a drop in blood pressure, when the subject
stands up from a sitting or lying position. A difference dp
reflects the difference in hydrostatic pressure between sen-
sors in the blood pressure measurement point where carotid
arteries are situated.

dp=p(measured sitting up)-p0(lying down, measured

over a petiod of time)

[0045] where p0 is a normal blood pressure of the subject
measured when lying down (bed occupancy state) and p is a
normal blood pressure measured when sitting up (rise state).
The term normal means here that in either of the states the
subject is in normal condition and able to get up without
increased risk of fall.
[0046] Depending on the subject, the drop is slowly or
quickly compensated by the cardiovascular system and the
autonomic nervous system of the subject. Also the effect of
the difference varies from subject to subject. If the blood
pressure sensor is positioned in the wrist, the compensation
for both the diastolic and systolic pressure should typically be
of the order of 30 to 35 mmHg. It is possible to set an
individual threshold for, for instance, the sum of diastolic and
systolic pressures to the range of 15 to 30 mmHg. It is pref-
erable to use e.g. the sum of diastolic and systolic pressures as
threshold parameter as the sum is less sensitive to random
measurement errors. Other measured data (for example pulse
rate data) may be combined with the systolic and diastolic
pressure values for adaptive thresholds.
[0047] The invention provides a monitoring system and a
method by which a significant improvement can be achieved
by reducing fall risk of subjects. The arrangements according
to the present invention are easy and economical to realize
and reliable in use.
[0048] Itshouldbe noted that the foregoing examples of the
embodiments of the invention are not intended to restrict the
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scope of the invention to the specific forms presented above
but the present invention is meant rather to cover all modifi-
cations, similarities and alternatives which are included in the
of the present invention, as defined by the appended claims.
All additional embodiments, modifications and applications
obvious to those skilled in the art are thus included within the
spirit and scope of the invention as set forth by the claims
appended hereto.

1. A monitoring system, comprising:

detecting device configured to detect a rise-state of a sub-
ject occupying a bed,

a triggering device configured to trigger, in response to the
detection of the rise-state, blood pressure measurement
of the subject;

comparing device configured to compare a blood pressure
measurement value to at least one threshold value for a
selected range of blood pressures; and

an inducing device configured to induce an alarm when the
measured blood pressure is not within the selected range
of blood pressures.

2. The monitoring system according to claim 1, wherein the

detecting device includes a sensor attached to the subject.

3. The monitoring system according to claim 1, wherein the
detecting device includes a sensor attached to the bed.

4. The monitoring system according to claim 2, wherein the
sensor includes an altimeter.

5. The monitoring system according to claim 3, wherein the
sensor includes an accelerometer or an inclinometer.

6. The monitoring system according to claim 1, further
comprising a sensor configured to detect bed occupancy.

7. The monitoring system according to claim 6, wherein the
sensor includes an accelerometer or an inclinometer.

8. The monitoring system according to claim 7, wherein the
accelerometer or inclinometer configured as the sensor con-
figured to detect the rise state.

9. The monitoring system of claim 2, further comprising a
control unit communicatively coupled to the sensor.

10. The monitoring system according to claim 9, wherein
the control unit is included in a local element detachably
attachable to the subject.

11. The monitoring system according to claim 10, wherein
the control unit comprises a wearable unit including a pres-
sure pulse element.

12. The monitoring system according to claim 9, wherein
the control unit comprises a remote node.

13. The monitoring system according to claim 9, wherein
the control unit is configured to receive ballistocardiological
signals from the accelerometer or inclinometer for detecting
bed occupancy.

14. The monitoring system according to claim 9, wherein
the control unit is configured to receive signals representing
longitudinal or transversal inclinations of the bed from an
inclinometer, for detecting the rise state of the subject.

15. The monitoring system according to claim 14, wherein
the control unit is configured to detect the rise-state of the
subject from a successive combination of a signal represent-
ing longitudinal inclination of the bed and a signal represent-
ing transversal inclination of the bed.

16. The monitoring system according to claim 9, wherein
the threshold value is a predefined value stored in the control
unit.

17. The monitoring system according to claim 9, wherein
the threshold value comprises a pre-set value input for the
subject to the control unit.
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18. A sensor unit for a system that includes a control unit
configured to detect rise state of a subject occupying a bed by
identifying a specific set of detected motions of the subject or
bed, the sensor unit comprising:

at least one motion sensor;

acasing configured to enable mechanical coupling of the at

least one motion sensor to the bed or the subject, wherein
the mechanical coupling enables generation of a motion
signal that represents a detected motion of the bed or the
subject, and wherein the detected motion is one of the
specific set of detected motions of the bed; and

an interface configured to transmit motion signals to a

control unit of the system.

19. The sensor of claim 18, wherein the motion sensor
comprises an inclinometer, and a rise state of the subject is
determined by identifying the specific set of detected motions
of the bed with the inclinometer.
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20. A bed comprising the sensor unit of claim 18.

21. A method for detecting fall risk of a subject, said
method comprising:

detecting a rise-state of a subject occupying a bed,

triggering, in response to the detection of the rise-state,

blood pressure measurement of the subject;

comparing a blood pressure measurement value to at least

one threshold value for a selected range of blood pres-
sures; and

inducing an alarm when the measured blood pressure is not

within the selected range of blood pressures.

22. A computer program product, comprising a non-tran-
sitory computer-readable medium and readable by a com-
puter, and encoding instructions for executing the method of
claim 21.
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