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Presented 1s a system and method for assessing the func-
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comprises: a task identification unit adapted to identily the
task to be performed by the person; and a task complexity
unit adapted to obtain a task-specific complexity signal
representative of a required level of functional ability to
perform the identified task. A functional ability unit 1s
adapted to obtain a functional ability signal representative of
a determined functional ability of the person. An assessment
unit 1s adapted to determine an ability of the person to
perform the identified task based on the task-specific com-
plexity signal and the functional ability signal.
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ASSESSING THE FUNCTIONAL ABILITY OF
A PERSON TO PERFORM A TASK

This application 1s the U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/EP2017/064355, filed on Jun. 13, 2017, which claims

the benefit of European Application Serial No. 16174094 .9,
filed Jun. 13, 2016. These applications are hereby incorpo-

rated by reference herein.

FIELD OF THE INVENTION

This invention relates to a system and method for assess-
ing the functional ability of a person to perform a task.

BACKGROUND OF THE INVENTION

Assessment or monitoring of a person’s functional abili-
ties (such as cognitive and/or physical abilities) 1s of primary
concern 1n many branches of medicine, including geriatrics,
rehabilitation and physical therapy, neurology and orthope-
dics, nursing and elder care.

Investigations have found that an individual’s functional
ability can actually be environment-specific, since function
increases when subjects are 1n familiar surroundings due to
reduced confusion. Also, one-time assessment of functional
ability does not allow for assessment of vanability of
functional performance over the course of a day or several
days, nor does it allow for assessment ol change which 1s
important i determining the adequacy of certain clinical
services, care and treatments following functional reduction
or loss.

A consensus therefore exists that it 1s preferable to assess
or monitor independent functioning of a person at their
home or within familiar surroundings.

A level of independent function 1s commonly indicated by
the quality 1n which Activities of Daily Living (ADLs) are
performed. ADLs refer to the most common activities that
people perform during a day. Therefore, a reduced quality in
the ADLs can be an indicator for care needed. For example,
an anomaly 1n the regular performance of one or more ADLs
can serve as warning for special attention.

Devices and systems have been developed to monitor the
ADLs of individuals as they are living independently 1n their
own home or within familiar surroundings. For example,
one such known system for detecting activities of daily
living of a person system comprises three main components:
(1) a sensor system that collects information about the
person’s activities and behaviors; (1) an intelligence (or
information processing) system that interprets the sensor
signals for the care needed; and (111) a user interface system
that enables care givers to inspect the interpreted (processed)
information. The intelligence system typically makes use of
computational techniques known in the art as artificial
intelligence.

SUMMARY OF THE INVENTION

However, such conventional devices/systems do not pro-
vide adequate assessment and monitoring of functional
ability and so, typically, assessment and monitoring of
functional ability 1s done through costly face-to-face con-
sultations with a medical professional or caregiver. Thus,
any advantages gained due to increased independence or
empowerment of a person are largely negated by the time
and resource requirements associated with regular consul-
tations.
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There 1s thus a need for an improved device/system. This
need 1s at least partially fulfilled with the invention as
defined in the independent claims. The dependent claims
provide advantageous embodiments.

According to a first aspect of the invention, there 1is
provided a system for assessing the functional ability of a
person to perform a task, the system comprising: a task
identification unit adapted to identify the task to be per-
formed by the person; a task complexity unit adapted to
obtain a task-specific complexity signal representative of a
required level of functional ability to perform the 1dentified
task; a functional ability unit adapted to obtain a functional
ability signal representative of a determined functional abil-
ity of the person; and an assessment unit adapted to deter-
mine an ability of the person to perform the identified task
based on the task-specific complexity signal and the func-
tional ability signal, and to generate an assessment signal
representative of the determined ability of the person to
perform the identified task.

The assessment signal may indicate the need for a care-
giver to assist the person 1n performing the identified task.
Thus, there 1s proposed a concept for reducing the burden on
caregivers and for improving the person’s (e.g. the patient’s)
feeling of self-empowerment or independence, while main-
taining a required level of care and safety.

The 1nvention 1s based on the insight that a system for
assessing the cognitive and/or physical ability of a person to
perform a task can be used to generate a signal for an alerting
or warning system which can indicate a person 1s in need of
help, for example. It 1s proposed to generate such a signal
based on two types of information. The first type of infor-
mation may relate to task-specific information that 1s rep-
resentative of a required level of functional ability to per-
form a specific task (e.g. an 1dentified task), and the second
type of information may relate to functional ability infor-
mation that 1s representative of a functional ability of a
person seeking to perform the task. In other words, an
assessment signal may be generated based on information
about the complexity of a task, wherein the task has been
inferred or detected (by a task identification system) from
one or more sensor signals, and further based on person-
specific information about a functional ability of a person
secking to perform the task.

Thus, a detected or inferred task may be provided as an
input to an assessment unit, along with information relating
to a functional ability of the person (e.g. a cognitive ability
and/or a physical ability of the person), and the assessment
unit may generate an assessment signal dependent on the
input mnformation. In this way, the assessment unit may
determine an ability of a specific person to perform a
particular task so as to enable the creation of personalized
information (such as warnings, guidance, and alerts). Highly
specific and/or accurate warnings, guidance and alerts may
therefore be generated that are unique to characteristics of
the task and/or the monitored person/individual.

Furthermore, the monitor umt may combine the raw
sensor data/signals with determined assessments, thus pro-
viding a hybrid form of alert.

There 1s proposed a system which (1) identifies a task to
be performed by a person; (1) measures or determines a
functional skill level (e.g. cognitive ability and/or physical
ability) of the person; (111) compares the measured/deter-
mined skill level of the person with a minimum skill level
required to perform the identified task (e.g. from a lookup
table of required level per task or set of tasks); and deter-
mines a need for gmdance based on the result of the
comparison. Further, the minimum skill level required may
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be updated based on an evolvement of measured skill levels
for tasks (e.g. using a feedback loop for learning per person).

Embodiments may therefore employ the 1dea of recog-
nizing clusters of daily life tasks (e.g. ADLs), like making
collee, and then estimating the persons’ ability to perform
the task(s). Measuring or determining a functional skill level
can be done using observation of various values or charac-
teristics of a person, such as: repetitive motion (related to
being confused), speech, facial expression, stress and anxi-
ety (via heart rate and/or galvanic skin response), levels of
physical activity in the past hours/days, success in similar
tasks 1n a predetermined period of time preceding the current
task, etc.

A Tunctional skill level required to perform a task can be
based on several factors such as:

(1) the complexity of performing the task (e.g. preparing

a cup of coflee 1s more diflicult than preparing a glass
ol water);

(11) the safety risk associated with the device/items used
specific task (e.g. using the oven carries more safety
hazards than brushing one’s teeth);

(111) the safety risk associated with the results of a task
(e.g. a wrongly prepared foodstufl carries more safety
hazards than a wrongly vacuumed floor);

(1v) leaving the house 1n general (or 1n more detail without
appropriate clothing, keys etc.);

(v) entering a car at the driver’s position;

(v1) sately preparing food that needs use of sharp knives
to cut or boiling water/soup as opposed to preparing
sandwiches;

(vi1) operating heating system during winter;

(vi11) operating hot/cold water combinations in the shower
(risk of hypothermia or burning skin with too hot
water);

(1x) not forgetting metallic objects or enclosed foods (e.g.
cgg, melon, etc.) i the microwave oven;

(x) an amount of physical strength, exertion or movement
required to perform the task; and

(x1) a level of physical mobility required of a person to
perform the task.

By way of example, proposed embodiments may deter-
mine a minimum level of supervision required by a care-
giver to allow the person (e.g. patient) to perform the
identified task, and can then alert the caregiver if his/her
supervision 1s required. This may help to maximize the use
of a patient’s functional abilities and have a positive eflect
on his/her self-empowerment. It will also help to minimize
the amount of supervision and burden of care required from
the caregiver, while maintaining adequate levels of safety.

It 15 also proposed to consider a known or perceived risk
associated with a certain activity or task. Such risks may be
derived from characteristics of the activity or task (such as
difficulty, equipment used, potential hazards, result of fail-
ure, etc.) and from the functional ability of the person.

Accordingly, 1n an embodiment, the system may further
comprise a risk analysis umit adapted to obtain a task-
specific risk signal representative of a risk of the i1dentified
task. The assessment unit may then be adapted to determine
an ability of the person to perform the identified task further
based on the task-specific risk signal. By way of example,
the task-specific risk signal may comprise information relat-
ing to at least one of:

the person’s perceived risk of the identified task; a care-
giver’s perceived risk of the identified task; and an avail-
ability of the caregiver.

It 1s noted that a risk associated with a task may be
perceived differently by different persons. Put another way,

5

10

15

20

25

30

35

40

45

50

55

60

65

4

a level of nisk may be subjective and thus vary according to
the perceptions of an individual. For example, the perceived
risk of a certain activity as observed by the patient may be
very different from the perceived risk as observed by a
medical professional or caregiver.

Thus, proposed embodiments may take account of the
risk(s) perceived by both patient and caregiver as important
factors for the purpose of determining an overall (e.g.
objective, summary, or composite) risk of a task. For
example, 1f the caregiver does not feel confident about the
patient performing a certain activity, the system may be
adapted to determine that the patient 1s simply not able (or
permitted) to perform the task. Embodiments may therefore
take account of:

(1) a percerved risk of a certain activity as observed by the

patient; and

(1) the risk of an activity as perceived by the caregiver.

Preferably, the perceived risk of the task as observed by
both the patient and the caregiver are accounted for in the
task specific risk signal.

Assessment of the risk as perceived by patient and care-
giver may preferably mvolve momitoring of both patient/
person and caregiver. For example, the perceived risk of a
task as observed by the patient may be derived or inferred
from stress levels observed in the patient while preparing for
the task, and/or from previously observed correlations
between task characteristics and stress levels of the patient.
Alternatively, or additionally, the perceived risk of a task as
observed by the patient may be derived from previous
outcomes of performing the same task (e.g. whether or not
an accident occurred when previously performing the same
task). Likewise, the perceived risk of a task as observed by
a caregiver may be derived or inferred by correlating the
state of the caregiver when activities are performed by the
patient (e.g. whether or not the caregiver assisted the patient
in performing a specific task or mtervened, or stress levels
observed in the caregiver 1n previous occurrences or while
the patient 1s preparing for the task). Preferred embodiments
may therefore be adapted to monitor both the caregiver and
the patient and to provide an output signal to both caregiver
and the patient.

Multiple caregivers may have a different perception of the
risk associated with a task. For this reason, embodiments
may provide a different assessment for different caregivers.
Also, mmformation may be shared between different caregiv-
ers, so that a refined or optimal perception of risk for the
patient may be employed. This may also be provided as
teedback to caregivers, allowing them to refine their super-
vision activities.

Further, the risk analysis unit may be adapted to receive
a sensor signal representative of a detected value of a
property of at least one of: the person; and the environment,
and to determine the risk of the identified task based on the
received sensor signal.

Embodiments may also enable some of the processing
load to be distributed throughout the system. For example,
pre-processing may be undertaken at a sensor so that primi-
tive task 1dentification or inference may be implemented at
the sensor(s). Alternatively, or additionally, processing could
be undertaken at a communication gateway. In some
embodiments, processing may be undertaken at a remote
gateway or sever, thus relinquishing processing require-
ments from an end-user or output device. To enable users to
modily parameters or information used for assessment,
editing of environmental information or percerved risks may
be hosted in the monitored environment (e.g. house),
whereas editing of assessment algorithms may be done
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remotely at a central server. Such distribution of processing,
and/or hardware may allow for improved maintenance abili-
ties (e.g. by centralizing complex or expensive hardware in
a preferred location). It may also enable computational load
and/or traflic to be designed or located within a networked
system according to the processing capabilities available. A
preferable approach may be to process sensor data locally
and transmit extracted events (for example, open/close from
accelerometer data) for full processing at a remote server.
Further, alerts or warnings may be generated based on the
occurrence of such user-defined tasks or risks. It may also
ecnable only part of the inference system/approach to employ

signal processing, thus reducing processing requirements
while also enabling the inference of a functional ability to
perform a task.

The task identification unit may be adapted to receive a
sensor signal representative of a detected value of a property
of at least one of: the person; and the environment, and to
identify the task to be performed by the person based on the
received sensor signal.

Similarly, the functional ability unit may be adapted to
receive a sensor signal representative of a detected value of
a property of at least one of: the person; and the environ-
ment, and to determine the functional ability of the person
based on the received sensor signal.

By way of example, embodiments may further comprise
a sensor adapted to detect a value of a property of at least one
of: the person; and the environment; and to generate the
sensor signal representative of the detected value.

There exist many sensors that can be employed by
embodiments. Typical sensors include PIR (Passive Inira
Red; measure movement and presence), OC (open-close;
measure state of doors, 1n particular front doors, windows,
and cupboards, including refrigerators), power sensors
(measure current consumption of appliances, such as micro-
wave, water cookers, TV, etc.), and pressure mats (measure
occupancy of user sitting 1n chair, lying in bed, standing on
door mat 1n front of front door, etc.). Many others exist and
are conceivable, such as sensors to signal light switch state,
or sensors that measure environmental conditions such as
humidity, CO2 level (or CO and smoke), etc. A turther range
ol sensors are those based on physical quantities, such as
accelerometers, magnetometers, gyroscopes, and air pres-
sure sensors. Accelerometers, for example, can also measure
state of doors and their open-close movements. Yet another
range ol sensors consists of microphones and cameras
(including infra-red (IR), or even UV and beyond, part of
spectrum), to which also belong GPS and location-sensitive
IR. Ultra-sound or RF-based sensors, including RFID tag-
ging, provide additional mput. Appliances having an own
[P-address, known as the internet-of-things, provide further
sensor mmput signals that can be taken by the smart-home
system.

Although the sensor(s) may be mounted in the environ-
ment (e.g. the person’s home), they may also be attached to
user utilities (such as a keyring) or put 1n clothes, 1n a pocket
or bag, or as 1nsole or undergarment, etc. They may also be
tabricated to be worn explicitly like a wrist watch or
pendant. Further, the sensors may communicate their output
signals via a wired or wireless connection, or a combination
thereol.

The sensors may also be adapted to undertake primary
processing of the detected values, such a signal filtering,
sampling, conditioning, etc., so as to reduce a required
transmission bandwidth and/or transmission duration for
example.
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Non-intrusive monitoring may therefore be realized with
relative simple sensors that provide data on specific ambient
conditions or properties/parameters of the environment
(such as temperature or humidity for example), or properties
of the person (such as movement, for example). Such
sensors for measuring ambient condition or properties/pa-
rameters of the environment may be simple, small and/or
cheap. Also, the movement of the person may be detected
with, for example, a Passive InfraRed (PIR) sensor which 1s
a cheap component. Movement sensors may be used to
switch on lighting and people are therefore typically familiar
with their usage. Thus, embodiment may employ sensors
that are considered to be non-intrusive and more easily
accepted by the monitored person. Yet, with the data pro-
vided by these sensors, a task may be i1dentified and/or
provide imformation useful for determining an ability of the
person to perform an 1dentified task.

For example, with a humidity sensor and a movement
sensor in the bathroom 1t may be inferred that the person 1s
about to take a shower. In a further example, with a
temperature sensor and a movement sensor 1n the kitchen 1t
may be determined that the person 1s going to prepare a hot
meal. It 1s a further advantage that the sensors may be
stationary sensors that are located for example 1n the bath-
room and 1n the kitchen, thus making 1t unnecessary for the
person to wear a device.

Activities of daily living concern basic activities that a
person executes on a regular basis. Examples of activities of
daily living are eating; cooking; medicating; sleeping; toi-
leting; bathing; washing, etc. Embodiments may thus deter-
mine an ability of a person to perform ADLs in a non-
intrusive manner.

Embodiments may further comprise a user input interface
adapted to recerve user iputs for defimng or moditying one
or more pieces of information that may be used for the
purpose of assessing a person’s functional ability to perform
a task. This may reduce computational complexity and may
also enable a user of the system (such as the care giver or
medical practitioner, for example) to create, define, modity,
and/or alter rules, parameters and constraints. Embodiments
may therefore enable signals or information to be defined,
modified, and extended by a user, thereby providing the
flexibility to the many different contexts 1n which the system
operates.

In an embodiment, the system may further comprise a
user mput interface adapted to receive a user input for
defining or moditying one or more alert conditions, and the
assessment unit may then be adapted to generate the assess-
ment signal further dependent on the one or more alert
conditions.

In a further embodiment the assessment unit may be
adapted to generate the assessment signal based on a com-
parison of the functional ability signal with a predetermined
threshold. For example, this provides the advantage that for
example an alarm may be given 1f the person’s functional
ability 1s below a mimimum level indicating that for example
the person’s functional ability 1s impaired or has deterio-
rated.

Embodiments may further comprise a task complexity
data store adapted to store data relating to factors that
influence required levels of functional ability to perform
tasks. The task complexity unit may then be adapted to
access data stored the task complexity data store and to
obtain the task-specific complexity signal based on the
accessed data.

Embodiments may be further adapted to store the deter-
mined ability and/or tasks/activities of the person i1n a
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database. Thus, the pattern(s) of ability of the person may be
stored. Shifts 1n this pattern may indicate that the person 1s
in need of help.

The stored abilities and/or activities of the person may
form a pattern that characterizes said person. Deviations 1n
the momitored abilities or tasks of the person may be used as
an indicator of the well-being of the person. For example,
clderly people that suflering a reduction 1n functional ability
will typically exhibit one or more shifts in their behavioral
pattern. They will start to forget to take a shower and lose the
feeling of time. Therefore, in a further embodiment, the
database may be analyzed for irregularities or shiits in
patterns. An irregularity in the database may be detected,
and an alert signal generated 1n response to the detected
irregularity.

In a turther embodiment, the assessment unit may be
turther adapted to detect an 1rregularity 1n the database. For
example, by adding time information to the measured a
property of the environment (such as an ambient condition
like humidity or temperature), the time spent between the
activities may be determined. With the time information, the
frequency of the activity may be determined. For example,
the frequency of the determined activity ‘preparing a hot
meal’ may be ‘once a day’, or ‘5 times a week’. An
irregularity in the activity database may then, for example,
be that the time spent between the determined activities of
‘preparing a hot meal’ has increased. For example the
average time spent may be determined using the data from
the activity profile. When the time spent between two
successive determined activities of ‘preparing a hot meal’ 1s
larger than for example 1.5 times the average time spent this
indicates an 1rregularity.

In a further embodiment the monitor unit may be further
arranged to generate an alert signal 1n response to a detected
irregularity. The irregularity may indicate that the person 1s
in need of help. In a further example, a medical practitioner,
a caregiver, a family member or close relative may be
advised by the system (using the alert signal) to pay a visit
to the person.

In a further embodiment the monitor signal may be given
to the person himseli/herself. For example, the warning
signal may be a feedback signal advising the person to take
a certain medication or preventative measures/action.

In some embodiments, the assessment unit may be
adapted to determine an ability of the person to perform the
identified task further based on historical information relat-
ing to one or more previously determined representations the
person’s functional ability. By using historical information,
the accuracy and personalization of assessments may be
improved.

Embodiments may further comprise an mput interface
adapted to receive an 1nput for defining or modifying at least
one of: the task to be performed by the person; the required
level of functional ability to perform the identified task; the
functional ability of the person; the risk of the identified
task; and data relating to factors that influence required
levels of functional ability to perform tasks.

Example of proposed systems may be adapted to provide
the generated assessment signal to at least one of: the person;
a medical practitioner; and a caregiver.

The mvention further provides a method for assessing the
functional ability of a person to perform a task, the system
comprising: 1dentitying the task to be performed by the
person; obtaining a task-specific complexity signal repre-
sentative ol a required level of functional ability to perform
the 1dentified task; obtaining a functional ability signal
representative of a determined functional ability of the
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person; determining an ability of the person to perform the
identified task based on the task-specific complexity signal
and the functional ability signal; and generating an assess-
ment signal representative of the determined ability of the
person to perform the identified task.

Proposed methods may also take account of a known or
percerved risk associated with the identified task. Such risks
may be derived from characteristics of the activity or task
and/or from the determined functional ability of the person.

Accordingly, in an embodiment, the method may further
comprise obtaining a task-specific risk signal representative
of a risk of the identified task. The step of determining an
ability of the person to perform the i1dentified task may then
be further based on the task-specific risk signal. Also, the
task-specific risk signal may comprise information relating
to at least one of: the person’s perceived risk of the identified
task; a caregiver’s perceived risk of the identified task; and
an availability of the caregiver.

Thus, proposed embodiments may take account of the
risk(s) perceived by both patient and caregiver as factors for
the purpose of determining an overall (e.g. objective, sum-
mary, or composite) risk of a task. Embodiments may
therefore take account of: (1) a perceived risk of a certain
activity as observed by the patient; and (1) the risk of an
activity as perceived by the caregiver. The non-intrusive
character of the assessment may be realized by measuring at
least one property of the person and the environment, rather
than by for example surveillance by camera of the person.

According to yet another aspect of the invention, there 1s
provided a computer program product for assessing the
functional ability of a person to perform a task, the computer
program product comprising computer-readable program
code downloadable from a communications network, or
storable on, or stored on a computer-readable storage
medium, which computer-readable program code, when run
on a computer causes the computer to perform the steps of
claims 12-14. The computer program product can be suitable
to work with a server device and client device including
system. Part of the steps can be performed on the server
device while the other or another part of the steps 1is
performed on the client device. The server and client device
can be remote from each other and connected through wired
or wireless communication as known 1n the art. Alterna-
tively, all steps are performed on a server device or on a
client device.

In an embodiment, a computer system or device may be
provided which comprises: a computer program product
according to an embodiment; and one or more processors
adapted to perform a method according to an embodiment
by execution of the computer-readable program code of said
computer program product. The system or device can com-
prise a client device and server device, or either one of the
two for execution of the method steps. The server and client
device can have communication devices for communicating
with each other using wired or wireless communication
protocols.

In a further aspect the invention relates to a computer-
readable non-transitory storage medium comprising mstruc-
tions which, when executed by a processing device, execute
the steps of the method of a method of assessing the
functional ability of a person to perform a task according to
an embodiment.

The computer program product can have code for com-
municating results of any of the method steps to a user. Such
code can include code for generating imagery, video and/or
audio output. The system, client and/or server device can
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include a display and/or audio output devices (such as
speakers) for generating the output.

Proposed are concepts which, based on observations of
everyday normal tasks, can estimate a person’s functional
status, 1impairment of it, and assess the person’s ability to
perform a task.

These and other aspects of the mnvention will be apparent
from and elucidated with reference to the embodiment(s)
described hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples 1n accordance with aspects of the invention waill
now be described in detail with reference to the accompa-
nying drawings, in which:

FIG. 1 1s a simplified block diagram of a system ifor
assessing the functional ability of a person to perform a task
according to an embodiment;

FIG. 2 1s a layer diagram of the various layers of algo-
rithms that together provide the data analytics to a system
according to an embodiment;

FIG. 3 1s a flow diagram of a method for assessing the
functional ability of a person to perform a task according to

an embodiment; and
FI1G. 4 15 a simplified block diagram of a computer within

which one or more parts of an embodiment may be
employed.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Proposed 1s a concept for assessing the functional ability
of a person to perform a task. Persons that may be monitored
by embodiment may, for example, include a disabled person,
an elderly person, an injured person, a medical patient, etc.

[lustrative embodiments may be utilized in many differ-
ent types ol monitoring environments, such as a hospaital,
ward, care home, person’s home, etc. In order to provide a
context for the description of elements and functionality of
the illustrative embodiments, the Figures are provided here-
alter as examples of how aspects of the 1llustrative embodi-
ments may be implemented. It should therefore be appreci-
ated the Figures are only examples and are not intended to
assert or imply any limitation with regard to the environ-
ments, systems or methods 1n which aspects or embodiments
of the present invention may be implemented. Also, 1t should
be understood that reference to a functional ability of a
person 1s intended to mean a cognitive ability of the person
and/or a physical ability of the person. Thus, a functional
ability of a person relates to the person’s ability to perform
activities of daily living (ADLs), and this in turn may
depend on a cognitive ability of the person and/or a physical
ability of the person. Cognitive (or mental) abilities are
brain-based skills used to carry out a task, whereas physical
abilities are physical skills or traits used to perform a
physical act.

It has been recognized that 1n many care situations there
1s a need to be informed about the tasks or ADLs a person
1s performing. There may also be a need to be alerted when
the functional ability of the person 1s such that they may be
unable to perform the task or ADL without assistance. The
task(s) or context can be diflerent per case.

By way of example, ADLs may include:

(1) Medication

a. Is the elder taking his medicine in proper way at proper

moments?
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10
(11) Sleep
a. Is the elder sleeping suiliciently and undisturbed?
(111) Eating/Drinking
a. Is the elder eating suiliciently and regularly?
b. Does he prepare meals by himself?
(1v) Physical activity
a. Is the elder active during the day?
b. Is there little sedentary behavior?
(v) Toileting
a. Is the elder toileting 1n normal way?
b. Are there frequent visits to the toilet during the night?
(v1) Bathing
a. Is the elder bathing adequately?
(vi1) Being In/Out House
a. Is the elder going out?
(x111) Ambient climate
a. Is the environment “clean™?
b. E.g., 1s temperature proper, 1s the CO2 level healthy?
(1x) Eftc.
Based on the above exemplary ADLs, the following
examples warnings and alerts may be:
A. Sign of activity, or sign of mactivity
B. Presence in rooms considered risky (e.g. alone 1n
kitchen when elder 1s suflering dementia)
C. Leaving the house at unexpected moments, such as
during the night
Exceptional frequency or exceptional duration of toilet
V1sits
E. Exceptional duration of bathing
F. Sleeping shorter
G. Reduced activity
Embodiments of the present invention are therefore
directed toward enabling a functional ability of a person to
be monitored and assessed in relation to performed tasks.
This may be used to generate an alert signal for an alerting
or warning system that can indicate the person 1s in need of
help 1 order to complete a task, for example.
Embodiments are based on the insight that a system for
monitoring ADLs of a person can be used to assess whether
the person has the functional ability to perform a particular
task. It 1s proposed to generate such an assessment based on
information relating to an i1dentified (e.g. detected) task and
information relating to the person (e.g. physical character-
1stics, properties, behavioral trait, etc.) Some of this infor-
mation may be inferred from a sensor output signals (in
other words, an inferred task or value), whereas other
information may relate to a sensor output signal itself. In
other words, embodiments may be based on the concept that
an assessment of a person’s functional ability to perform a
particular task a monitor may be made based on inferred
information and/or based directly on one or more sensor
signals. Inferred tasks may therefore be used a first input of
an assessment unit, and raw sensor signals/data may be used
as a second input of the assessment unit.
Also, proposed 1s a concept of basing the assessment on
a risk-based formalism. Further, only a part of the assess-
ment may use the risk-based formalism so as to reduce
overall computational complexity. In particular, 1t has been
realized that a risk associated with performing a task may be
percerved differently by the person/patient and by a care-
giver. A person’s percerved risk of a task may be derived
from pertinent information that only the person 1s aware of
himseli/herself. For example, a person may have the unique
knowledge that the last time they performed a particular task
(such as making a hot beverage, for example), significant
difficulties were experienced (such as difficulty in lifting a
tull kettle of water) although the task was performed suc-

D.
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cessiully (albeit slowly). Such information may not be
known by a caregiver and/or detectable by sensors employed
by the system, for example. Accordingly, taking account of
a user’s perceived risk may provide useful information for
improving the accuracy or reliability of the assessment
pProcess.

Similarly, a caregiver’s (or medical professional’s) per-
ceived risk of a task may be dernived from pertinent infor-
mation that only the caregiver (or medical professional) 1s
aware of himselt/hersell. For example, a caregiver may have
the unique knowledge that the last time the person per-
formed a particular task (such as going to the shops, for
example), significant difliculties were experienced (such as
performed activities not matching observed intentions, for
example) although the task was performed successiully
(albeit slowly or in a confused manner). Such information
may not be known by the assessed person and/or detectable
by sensors employed by the system, for example. Accord-
ingly, taking account of a caregiver’s (or medical profes-
sional’s) percerved risk may provide useful information for
improving the accuracy or reliability of the assessment
process.

It 1s also proposed to take account of a known or per-
ceived risk associated with a certain activity or task when
assessing whether or not the person should undertake a
specific the identified task. The assessment process may
therefore determine an ability of the person to perform at the
identified task further based on a task-specific risk signal,
wherein the task-specific risk signal comprises information
relating to the person’s perceived risk of the 1dentified task
and to the caregiver’s perceived risk of the identified task.
Thus, 1t 1s proposed to take account of the risk(s) perceived
by both patient and caregiver for the purpose of determining,
an overall (e.g. objective, summary, or composite) risk of a
task. In this way, proposed implementations may adapt to
the specific circumstances, person, and available/present/
responsible caregiver so as to make a risk assessment which
1s tuned, for example, to the preferences of the person or
caregiver. In this way, supervision of a person may be
streamlined to requirements on a dynamic basis.

Embodiments thus propose the use of user-specific and
task-specific information that may be obtained by and/or
provided by an ADL monitoring system/method so that
assessment of a person’s functional ability to perform a task
1s tailored to the person and the task. Such a proposed
assessment system/method may therefore be employed 1n a
system for monitoring ADLs of a person within an environ-
ment.

FIG. 1 shows an embodiment of a system according to an
embodiment of the invention comprising a plurality of
sensors 10, 20, 30 arranged to measure a property of at least
one of: the person; and the environment 1n which the person
1S.

Here, the first sensor 10 1s a sensor that 1s adapted to
detect a value of an ambient condition parameter of the
environment, such as temperature or humidity for example.
The second sensor 20 1s a movement sensor 20 adapted to
detect movement of the person that 1s monitored. The third
sensor 30 1s a power sensor 30 adapted to detect a value of
the power consumption of an electrical appliance used by
the person within the environment. The first 10, second 20
and third 30 sensors are adapted to output first 100, second
200 and third 300 sensor output signals, respectively, which
are representative of the detected value(s).

The sensors 10,20,30 communicate their output signals
100,200,300 via wired or wireless connection. By way of
example, the wireless connection may comprise a short-to-

10

15

20

25

30

35

40

45

50

55

60

65

12

medium-range communication link. For the avoidance of
doubt, short-to-medium-range communication link should
be taken to mean a short-range or medium-range commu-
nication link having a range of up to around 100 meters. In
short-range communication links designed for very short
communication distances, signals typically travel from a few
centimeters to several meters, whereas, 1n medium-range
communication links designed for short to medium commu-
nication distances, signals typically travel up to 100 meters.
Examples of short-range wireless communication links are
ANT+, Bluetooth, Bluetooth low energy, IEEE 802.15 .4,
ISA100a, Infrared (IrDA), ISM Band, Near Field Commu-
nication (NFC), RFID, 6LoWPAN, UWB, Wireless HART,
Wireless HD, Wireless USB, ZigBee. Examples of medium-
range communication links include Wi-Fi, Z-Wave.

The system further comprises an signal processing unit 35
adapted to receive the first 100 to third 300 sensor output
signals and to assess the functional ability of a person to
perform a task based (at least in part) on the recerved sensor
output signals. The signal processing unit 35 i1s adapted to
generate an assessment output signal 50 representative of the
determined ability of the person to perform the identified
task.

The signal processing unit 35 also comprises a task
identification unit 60 adapted to identity the task to be
performed by the person. This, for example, may be done
based on the first 100 to third 300 sensor output signals.

Further, the signal processing unit 35 comprises a task
complexity unit 70 adapted to obtain a task-specific com-
plexity signal representative of a required level of functional
ability to perform the identified task. The signal processing
unit 35 also comprises a functional ability unit 80 adapted to
obtain a functional ability signal representative of a deter-
mined functional ability of the person.

Based on the task-specific complexity signal and the
functional ability signal, an assessment unit 90 of the signal
processing unit 35 determines an ability of the person to
perform the identified task. The assessment unit 90 then
generates the assessment signal 50 representative of the
determined ability of the person to perform the identified
task.

Accordingly, the assessment signal 50 provided as an
output from basic processing unit 35 may indicate the need
for a caregiver to assist the person in performing the
identified task. Put another way, the assessment signal 350 1s
generated based on information about the complexity of a
task (e.g. obtained by the task complexity unit 70), wherein
the task has been inferred or detected (by the task i1dentifi-
cation unit 60) from one or more sensor output signals, and
turther based on person-specific information about a func-
tional ability of a person seeking to perform the task (e.g.
obtained by the functional ability unit 80).

It will therefore be understood that the embodiment of
FIG. 1 1s adapted to (1) identily a task to be performed by a
person; (1) measure or determine a functional skill level
(e.g. Tunctional ability) of the person; (111) consider the
measured/determined skill level with a functional ability
required to perform the identified task (e.g. from a lookup
table or database); and (1v) assess the functional ability of
the person to perform the identified task. The system of FIG.
1 may thus determine a need for a person to recerve guidance
or help in order to perform a specific task.

Measuring or determining a functional skill level can be
done using observations of various values or characteristics
of a person as obtained by the sensors 10, 20, 30 for
example. In this regard, many methods and approaches for
determining instantaneous functional skill of a person have
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been extensively described 1n previous publications and are
widely known to skilled persons in the fields of patient
monitoring and ADL monitoring systems/method. Detailed
description of determining a functional skill of a monitored
person will therefore be committed. However, for complete-
ness, 1t 1s noted that such known approaches to determining,
tunctional skill of a person may 1involve tracking of features
related to repetitive motion, speech, facial expression, stress
and anxiety (via heart rate and/or galvanic skin response for
example), levels of physical activity during a predetermined
period of time, success in similar tasks in a predetermined
period of time preceding the current task, etc. Also, addi-
tional iputs useful for determining a functional skill level
may be provided by additional, interconnected devices. For
example, previous incorrect use of a device may be used to
imply a lower functional skill score/level and vice versa.

Determining, by task complexity unit 70, a functional
skill level required to perform a task can, by way of
example, be based on several factors such as: predetermined
values representing a complexity of the task (e.g. skill level
numbers or complexity scores); salety risks associated with
the task and/or device/ttems used 1n performing task; depen-
dency on preceding tasks; and safety risks associated with
the results of incorrectly or poorly performed task. Infor-
mation about these factors may be stored 1n a local or remote
database and accessed by the task complexity unit 70 for the
purpose of determining a tunctional skill level required to
perform the i1dentified task. Thus, the task complexity cal-
culation may be dynamic in that it can account for tasks
having sub-tasks, which in turn may have sub-tasks, and
complexity of the sub-tasks can depend how preceding
sub-tasks were performed. Information about tasks and their
sub-tasks and/or their interrelationship(s) or dependency
with/on other tasks may thus be obtained (e.g. from a
database) and employed for the purpose of task complexity.

The embodiment of FIG. 1 further comprises a risk
analysis unit 100 that 1s adapted to obtain a task-specific risk
signal representative of a risk of the identified task. Here, the
task-specific risk signal comprises mformation relating to
the: the person’s perceived risk of the 1dentified task; and a
caregiver’s perceived risk of the identified task; and an
availability of the caregiver. The assessment unit 90 1is
adapted to determine an ability of the person to perform at
the 1dentified task by taking further account of the task-
specific risk signal.

For the purpose of obtaining such information, the risk
analysis unit 100 is adapted to receive (from the 3”4 sensor
30) a sensor signal 300 representative of a detected value of
a property of at least one of: the person; and the environ-
ment. The risk analysis unit 100 1s also adapted to receive a
user mput signal 110 comprising information relating to a
user-perceived and/or a caregiver-perceived risk.

The risk analysis unit 100 therefore generates a signal
which takes account of account of the risk(s) perceived by
the person (e.g. patient) and/or caregiver as relevant for the
purpose ol determining an overall (e.g. objective, summary,
or composite) risk of a task. A representation of the overall
risk can then be provided by the risk analysis unit 100 to the
assessment unit 90 for the purpose of determining whether
a person has the functional ability to undertake a specific
task (with or without assistance, for example). Thus, by way
of example, 1f the caregiver mputs a signal indicating that a
risk associated with the monitored person undertaking a
certain activity exceeds an acceptable level, the assessment
unit 90 may be adapted to determine that the patient 1s

10

15

20

25

30

35

40

45

50

55

60

65

14

simply not able (or permitted) to perform the task. It will
therefore be understood that the risk analysis umt 100 1s
adapted to account for:

(1) a percerved risk of a certain activity as observed by the
patient—this can be derived from previously observed
correlations between task characteristics and stress
levels, or from previous outcomes (e.g.. if the user
spoilt coflee over his hand the last time he was per-
forming the task ‘making coflee’); and

(1) the risk of an activity as perceived by the caregiver—
this can be derived by correlating the caregiver state to
the activities performed by the patient, and from the
observed interventions by the caregiver during the
same type ol activities.

In the example of FIG. 1, assessment of the risk as
perceived by patient and caregiver therefore involves moni-
toring of both the person (e.g. patient) and a caregiver.

The data processing unit 35 further comprises a user input
interface 120 that 1s adapted to receive (e.g. user) mputs for
defining or moditying information that may be used for the
purpose of assessing a person’s functional ability to perform
a task. By way of example, the user input interface 120 of
FIG. 1 1s adapted to receive user inputs for defining or
moditying at least one of: the task to be performed by the
person; the required level of functional ability to perform the
identified task; the functional ability of the person; the risk
of the identified task; and data relating to factors that
influence required levels of functional ability to perform
tasks.

This may reduce computational complexity and may also
enable a user of the system (such as the care giver or medical
practitioner, for example) to create, define, modily, and/or
alter rules, parameters and constraints. Embodiments may
therefore enable signals or information to be defined, modi-
fied, and extended by a user, thereby providing the flexibility
to the many different contexts 1n which the system operates.

In this embodiment, the user interface 120 1s adapted to
receive user mputs 130 for defining or modifying: one or
more task inference rules, instructions or conditions; one or
more functional ability rules, mstructions or conditions; and
one or more alert conditions. Based on such user inputs, the
user interface 120 provides information to the assessment
unit 90, and the assessment unit 90 then determines an
ability of the person to perform the identified task further
dependent on the information received from the user inter-
face 120. The depicted embodiment thus enables a user of
the system (such as the care giver or a medical practitioner,
for example) to create, define, modity, alter information that
may be used by the assessment umt 90. This can provide the
flexibility to the many different contexts in which the system
may operate.

It 1s also noted that the embodiment of FIG. 1 comprises
first 140 and second 150 data stores. Here, the first data store
140 1s a task complexity data store 140 that 1s adapted to
store data relating to factors which intluence required levels
of functional ability to perform tasks. Accordingly, using
information stored in the task complexity data store 140, the
task complexity unit 70 can access data stored the task
complexity data store 140 and obtain a task-specific com-
plexity signal based on the accessed data.

The second data store 150 1s an historical database 150
that 1s adapted to store data relating to determined abilities
and/or tasks/activities of the person. The data of historical
database can be accessed by the assessment unit 90 and then
used when determining an ability of the person to perform
the 1dentified task. Thus, the assessment undertaken by the
assessment unit 90 can be further based on historical infor-
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mation relating to one or more previously determined rep-
resentations the person’s functional ability. By using his-
torical information, the accuracy and personalization of
assessments may be improved.

Furthermore, the stored abilities and/or activities of the
person may form a pattern that characterizes said person.
Thus, pattern(s) of functional ability of a person may be
stored 1n the historical database 150. Shifts 1n this pattern
may indicate that the person 1s 1 need of help.

Deviations 1n the monitored abilities or tasks of a person
may be used as an indicator of the well-being of the person.
Therefore, i1n the embodiment of FIG. 1, the historical
database 150 can be analyzed for irregularities or shifts 1n
patterns. An 1rregulanty in the database 150 may be
detected, and an alert signal generated (by the assessment
unit 90, for example) 1n response to the detected irregularity.
Thus, according to embodiments, the assessment unit 90 1s
adapted to detect an 1rregularity 1n the historical database
150. An alert signal may be generated by the assessment unit
90 1n response to an wrregularity being detected. The 1rregu-
larity may indicate that the person 1s in need of help for
example. The alert signal may advise a medical practitioner,
a caregiver, a family member or close relative to pay a visit
to the monitored person. The alert signal can also be
provided to the monitored person. For example, the alert
signal may include a feedback signal advising the person to
take a certain medication or preventative measures/action.

Referring now to FIG. 2, there 1s depicted a layer diagram
of the various layers of algorithms that together provide the
data analytics to a system according to an embodiment. The
algorithms are hosted on a (distributed) platform of which
the encircled part 300, labelled “Public”, 1s accessible to
users of the system (using the user interface 120 for
example).

At the lowest (1.e. bottom) layer, there 1s the system 310
of sensors (e.g. features 10,20,30 1 FIG. 1) that 1ssue
signals, a continuous stream of data, and events, an irregular
sequence of data. The data can be binary, e.g. open/close, or
multi-valued, e.g. CO2 concentration. They can also be
multi-dimensional as in the case of accelerometers. This
layer ensures reliable transmission and storage of the data,
including their time-stamping and synchronization. Missed
or unrcliable sensor data, in so far identified, are repaired
when possible and otherwise indicated as such.

Also 1n the lowest (1.e. bottom) layer, the sensor configu-
ration mformation 320 1s also maintained. The configuration
information 320 i1s instantiated upon installation of the
system and maps the physical location of each sensor to its
functional meaming.

Physical location includes aspects like the room, the
turmiture, and/or the appliance the sensors are attached to.

Functional meaning 1s the type of information the sensor
provides to the algorithms, for example “drawer holding
cutlery”™.

A single sensor may map to multiple functional meanings.
For example, a sensor may be used to infer activity in
Eating, Drinking or in Bathing. The tloorplan or layout of
the environment (e.g. building, ward, or house) 1s also stored
in the configuration information 320. The floorplan/layout
informs about matters like which rooms are adjacent (by
doors), floor level, entrance door (can be front or back door,
depending on user’s habits) and other outdoors, and which
functional rooms are physically collocated (for example,
kitchen and dining room are a same physical space).

Directly above the lowest (1.e. bottom) layer, there are two
layers of data processing: signal processing 330 and an
(task-specific assessment) analytics layer 340. In the signal
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processing layer 330, data 1s cleaned, de-noised, quantized,
and processed to extract features and to aggregate them into
events. Preferably the data 1s processed to vyield feature
values that provide a more discriminative view on the data
than the original raw data. Such processing will boost the
classification and inference that 1s executed 1n the (task-
specific assessment) analytics layer 340.

In the (task-specific assessment) analytics layer 340, there
are at least three types of functions. The first concerns the
identification or inference of tasks, the second the detection
of anomalies 344 and risky situations that lead to Warnings
& Alerts, and the third provides an Indicator function 346.

The assessment block 340 turns the sensor events nto
ADL events. In one embodiment, this function 1s largely
based on simple decision-taking rules, but in other embodi-
ments classification-based designs can be applied as they are
known from the art of machine learning. Although the rules
may appear simple from conceptual point of view, best
implementation can still be through an 1mperative coding
paradigm. This also warrants compatibility, and hence eases
incorporation, of the classification-based designs. Still, for
the mteraction with user-provided inputs, the inferred tasks
and/or functional ability values are output into a risk-based
paradigm.

Preferably, an ADL event (fact) holds the following fields

1. ID—The ADL that 1s inferred.

2. TYPE—The type of the event, for the given ID (ADL).

3. SPACE—The physical location to which the event

associates.

4. WHEN—The start moment 1n dd/mm/yyyy—hh:mm

that the ADL (event) 1s detected.

5. DURATION—The duration in hh:mm the ADL 1s

observed. If the event 1s instantaneous, the DUR 1s set
{0 zero.

6. VALLUE—The value of the event.

Warning & Alerts are derived from either the processed
sensor data, from the ADL events, or from the task-specific
assessment. Thus, the Warning and Alerts layer extends

across the whole of the assessment block 340 as depicted 1n
FIG. 3.

An example algorithm to detect aberrations from the
(processed) sensor data 1s as follows. In a first phase, the
algorithm collects the sensor data and estimates the distri-
bution 1n which they occur over the day. This can also be
done offline, before installation, 1n which case the distribu-
tions represent the pattern 1s encountered in general, or
encountered for the typical population to which the current
clder belongs. The oflline distribution can also be used to
initiate the system. The obtained distributions serve as a
reference. In the second phase, upon operation, the sensor
data of the current day 1s collected and that pattern 1s tested
against the reference pattern (distribution). Note that the
reference distribution can be updated over time, by using the
data of the recent days (and fading out those of earliest days,
or from the initiation). A pattern can be considered as
outlying 1f 1ts probability (in terms of the reference distri-
bution) 1s below a pre-defined (chosen) threshold.

The Indicator function 1s a signaling means that 1s used for
presentation in the user interface, for example a dashboard
displaying the different tasks and assessment as they have
been detected and determined. An example indicator would
be that the functional ability to perform a task 1s indicated.
It they pass a given threshold (e.g. a level of functional
ability required to perform a specific task), the task 1is
presented 1n another way (other color, other size) 1n the UL
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The thresholds or task complexities can be set 1n the block
labelled “Param™ 350. The Indicator 1s fully implemented 1n
the (public) rule system 300.

The block “Param”™ holds configurable parameters. The
parameters are used by the rules in the rule system. The
thresholds, as used by the Indicator function 346, constitute
one set ol parameters. Another set 1s formed by the param-
cters that are used 1n the aggregation part 342B. By changing
the parameters, a user can modily the aggregation and
indication of the data in the user interface 120 views.

The user config block 360 1s another exemplary block. It
allows a user to compose own their views of the ADL events
or tasks as well as to set indicators on them. For example, a
“bladder” view could be defined as the conglomerate of the

ADLs Bed, Drinking, and Toilet. Thresholds can also be set
through the user config block 360

The user interface 160 1s the uppermost (1.e. top) layer,
and uses techniques as are generally known in the art. It
encompasses all views, including alert routes, to the appro-
priate stakeholders, as well as the controls to set parameters,
such as the thresholds. It can read the data (facts) in the
(public) rule system and can be called by the Warning &
Alert function 344.

The user interface layer 160 also contains post-processing,
tasks, possibly modelled as a separate layer within the user
interface layer 160. The post-processing tasks relate to
computations that drive the presentation. For example,
denoting a task as a Day or Night event 1s a function
performed 1n this layer.

Referring now to FIG. 3, there 1s shown a flow diagram
of a method 370 for assessing the functional ability of a
person to perform a task according to an embodiment.

The method begins with the step 371 of identifying the
task to be performed by the person. Here, 1n this example,
sensor signals from various sensors situated on or near the
person are received. The sensors signals are thus represen-
tative of one or more detected values of the person and/or the
environment. Step 371 thus comprises processing the
received sensor signals in accordance with various algo-
rithms to i1dentity (by calculation or inference) the task to be
performed by the person.

Next, step 372, comprises obtaining a task-specific com-
plexity signal representative of a required level of functional
ability to perform the i1dentified task. In particular, step 372
of this example, comprises querying a database to identify a
predetermined required level of functional ability associated
with the i1dentified task. The database may thus comprise a
relatively simple look-up table containing tasks and their
associated required level of functional ability. In other
embodiment, however, complex relationships and process-
ing algorithms may be employed to determine or calculate a
required level of functional ability based on the i1dentified
task and associated imnformation.

In step 373, a functional ability signal representative of a
determined functional ability of the person 1s obtained. More
specifically, in this embodiment, the step 373 comprises
receiving a sensor signal representative of a detected value
ol a property of the person. This sensor may therefore be a
raw data signal which requires processing in accordance
with an algorithm to i1dentity (by calculation or inierence)
the Tunctional ability of the person. Alternatively, the sensor
signal may comprise a direct representation of the functional
ability of the person, wherein the sensor has already calcu-
lated or determine the e functional ability of the person (for
example, based on detected values and/or input information
received from a person or separate system).
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Also, for the avoidance of doubt, step 373 need not be
performed after step 372. In other words, a functional ability
signal representative of a determined functional ability of
the person may be obtained separately or independently
from the task-specific complexity signal.

Based on the both the obtained task-specific complexity
signal and the obtained functional ability signal, an ability of
the person to perform the identified task 1s determined in
step 374. In this example, the determination simply com-
prises comparing information provided in the task-specific
complexity signal (e.g. a numerical task complexity value
representing a level of ability required to perform the task)
with information provided in the functional ability signal
(e.g. a numerical functional ability value) to determine 1f the
ability of the person exceeds the ability required to perform
the task. Put another way, the task-specific complexity signal
defines a task-specific threshold value that the functional
ability of the person 1s compared against. If the threshold 1s
exceeded, for example, 1t 1s determined that the person 1s
able to perform the 1dentified task independently (e.g. with-
out assistance from a caregiver).

Also, modified versions of the proposed method may
further take account of historical information relating pre-
viously determined value of the person’s functional ability
when determining the ability of the person to perform the
identified task. Use of such historical information may
improve the accuracy and personalization of the determina-
tion step 374.

Finally, 1n step 375, assessment signal representative of
the determined ability of the person to perform the 1dentified
task 1s generated. In this example, the assessment signal
simply comprises a Boolean value indicating whether or not
the person has the required ability to perform the 1dentified
task.

The proposed method therefore generates an assessment
signal from two types of information. The first type of
information relates to the identified task, whereas the second
type of information relates to the functional ability of the
person. Thus, inferred tasks or ADLs may be used to
generate an assessment signal which 1s dependent on the
inferred tasks or ADLs. In this way, use of inferred tasks or
ADLs may enable the creation of simple warnings and
alerts. Raw or processed (e.g. sampled, cleaned, time-
stamped, etc.) sensor data/signals may be used to generate
an assessment signal dependent on the sensor data/signals
directly. The sensor data/signals may therefore enable the
creation of task-specific and/or accurate warnings and alerts.

Also, by way of example of a modification to the step 374
of determinming an ability of the person to perform the
identified task, a task-specific risk signal representative of a
risk of the identified task may be obtained and used 1n the
determination of an ability of the person to perform the
identified task. The task-specific risk signal may, {fo
example comprise information relating to the person’s per-
ceived risk of the identified task and a caregiver’s perceived
risk of the identified task. In this way, perceived risks
associated with the 1dentified task may be taken account of
when determining an ability of the person to perform the
identified task. A task having a higher perceived risk may,
for example, impact the determination step so that a required
functional ability 1s increased (e.g. a threshold level used to
assess whether a person should be allowed to perform the
task may be modified according to the percerved risk).

Thus, there may be provided a computer program product
downloadable from a communications network and/or
stored on a computer readable medium and/or microproces-
sor-executable medium wherein the computer program
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product comprises computer program code instructions,
which when executed by at least one processor, implement
a method according to a proposed embodiment.

FIG. 4 1llustrates an example of a computer 400 within
which one or more parts of an embodiment may be
employed. Various operations discussed above may utilize
the capabailities of the computer 400. For example, one or
more parts of a system for assessing the functional ability of
a person to perform a task may be incorporated in any
clement, module, application, and/or component discussed
herein.

The computer 400 includes, but 1s not limited to, PCs,
workstations, laptops, PDAs, palm devices, servers, stor-
ages, and the like. Generally, 1n terms of hardware archi-
tecture, the computer 400 may include one or more proces-
sors 410, memory 420, and one or more I/O devices 470
(such as environmental sensors, ifection source sensors,
user susceptibility sensors, etc.) that are communicatively
coupled via a local interface (not shown). The local interface
can be, for example but not limited to, one or more buses or
other wired or wireless connections, as 1s known 1n the art.
The local interface may have additional elements, such as
controllers, buflers (caches), drivers, repeaters, and receiv-
ers, to enable communications. Further, the local interface
may 1include address, control, and/or data connections to
enable appropriate communications among the aforemen-
tioned components.

The processor 410 1s a hardware device for executing
software that can be stored in the memory 420. The proces-
sor 410 can be virtually any custom made or commercially
available processor, a central processing unit (CPU), a
digital signal processor (DSP), or an auxiliary processor
among several processors associated with the computer 400,
and the processor 410 may be a semiconductor based
microprocessor (in the form of a microchip) or a micropro-
CEeSSOor.

The memory 420 can include any one or combination of
volatile memory elements (e.g., random access memory
(RAM), such as dynamic random access memory (DRAM),
static random access memory (SRAM), etc.) and non-
volatile memory elements (e.g., ROM, erasable program-
mable read only memory (EPROM), electronically erasable
programmable read only memory (EEPROM), program-
mable read only memory (PROM), tape, compact disc read
only memory (CD-ROM), disk, diskette, cartridge, cassette
or the like, etc.). Moreover, the memory 420 may 1ncorpo-
rate electronic, magnetic, optical, and/or other types of
storage media. Note that the memory 420 can have a
distributed architecture, where various components are situ-
ated remote from one another, but can be accessed by the
processor 410.

The software 1n the memory 420 may include one or more
separate programs, each of which comprises an ordered
listing of executable instructions for implementing logical
functions. The software in the memory 420 includes a
suitable operating system (O/S) 450, compiler 440, source
code 430, and one or more applications 460 in accordance
with exemplary embodiments. As illustrated, the application
460 comprises numerous functional components for imple-
menting the features and operations of the exemplary
embodiments. The application 460 of the computer 400 may
represent various applications, computational units, logic,
functional units, processes, operations, virtual entities, and/
or modules 1n accordance with exemplary embodiments, but
the application 460 1s not meant to be a limitation.

The operating system 4350 controls the execution of other
computer programs, and provides scheduling, input-output
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control, file and data management, memory management,
and communication control and related services. It 1s con-
templated by the inventors that the application 460 for
implementing exemplary embodiments may be applicable
on all commercially available operating systems.
Application 460 may be a source program, executable
program (object code), script, or any other entity comprising
a set of mstructions to be performed. When a source pro-
gram, then the program 1s usually translated via a compiler
(such as the compiler 440), assembler, interpreter, or the
like, which may or may not be included within the memory
420, so as to operate properly 1in connection with the O/S
450. Furthermore, the application 460 can be written as an
object oriented programming language, which has classes of
data and methods, or a procedure programming language,
which has routines, subroutines, and/or functions, for

example but not limited to, C, C++, C#, Pascal, BASIC, API
calls, HTML, XHTML, XML, ASP scripts, FORTRAN,
COBOL, Perl, Java, ADA, .NET, and the like.

The I/0 devices 470 may include mput devices such as,
for example but not limited to, a mouse, keyboard, scanner,
microphone, camera, etc. Furthermore, the 1/0O devices 470
may also include output devices, for example but not limited
to a printer, display, etc. Finally, the I/O devices 470 may
further include devices that communicate both inputs and
outputs, for instance but not limited to, a NIC or modulator/
demodulator (for accessing remote devices, other files,
devices, systems, or a network), a radio frequency (RF) or
other transceiver, a telephonic interface, a bridge, a router,
ctc. The I/O devices 470 also include components for
communicating over various networks, such as the Internet
or intranet.

If the computer 400 1s a PC, workstation, intelligent
device or the like, the software in the memory 420 may
turther include a basic iput output system (BIOS) (omuitted
for simplicity). The BIOS 1s a set of essential software
routines that initialize and test hardware at startup, start the
O/S 450, and support the transter of data among the hard-
ware devices. The BIOS 1s stored 1n some type of read-only-
memory, such as ROM, PROM, EPROM, EEPROM or the
like, so that the BIOS can be executed when the computer
400 1s activated.

When the computer 400 1s 1n operation, the processor 410
1s configured to execute software stored within the memory
420, to communicate data to and from the memory 420, and
to generally control operations of the computer 400 pursuant
to the software. The application 460 and the O/S 450 are
read, 1n whole or 1n part, by the processor 410, perhaps
buflered within the processor 410, and then executed.

When the application 460 1s implemented 1n software it
should be noted that the application 460 can be stored on
virtually any computer readable medium for use by or in
connection with any computer related system or method. In
the context of this document, a computer readable medium
may be an electronic, magnetic, optical, or other physical
device or means that can contain or store a computer
program for use by or 1n connection with a computer related
system or method.

The application 460 can be embodied 1n any computer-
readable medium for use by or in connection with an
instruction execution system, apparatus, or device, such as a
computer-based system, processor-containing system, or
other system that can fetch the instructions from the nstruc-
tion execution system, apparatus, or device and execute the
instructions. In the context of this document, a “computer-
readable medium™ can be any means that can store, com-
municate, propagate, or transport the program for use by or
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in connection with the instruction execution system, appa-
ratus, or device. The computer readable medium can be, for
example but not limited to, an electronic, magnetic, optical,
clectromagnetic, infrared, or semiconductor system, appa-
ratus, device, or propagation medium.

Thus, there 1s proposed a concept for providing guidance
about a person’s functional ability 1n relation to a specific
task of activity, wherein the unique attributes of the user
and/or the task are taken into account. By taking account of
a required level of functional ability to perform an 1dentified
task, an assessment ol the person’s ability to perform the
task may be determined. Also, proposed embodiments may
take account of the risk(s) (as perceived by the person/
patient and/or a caregiver, for example) as an additional
factor for determining a risk associated with the person
attempting undertake the task.

At this point, it 1s noted that the above described embodi-
ments are merely example embodiments and that several
extensions thereto and/or variations may be made.

For example, several types of wearable assessment or
monitoring devices can be envisaged, including glasses,
pendants, smartwatches, clip-on devices, smart textiles etc.
Also, embodiments may be integrated with a calendar to
assist 1 planming of activities based on obtained assess-
ments.

Also, proposed systems may be combined with data on
location-specific activities to assist determination of a per-
son’s functional ability to perform an identified task.

Data from the system may be combined with personal
data on health and well-being to generate a personal profile
of “safe” and “risky” activities, locations and interactions.
Data may also be transmitted for the benefit of other peer
users or patients, and such data could serve as input to
task/activity avoidance map software.

Other suitable extensions and variations to the above
disclosed embodiments will be apparent to the skilled per-
SON.

For example, embodiments may be adapted to implement
flexible thresholds that can be adapted according to user
and/or with respect to time. In this way, 1t may be possible
to have more or less strict versions of algorithms used to
create alerts or notifications. For instance, embodiments may
be arranged to vary thresholds from “strict” where perceived
risks are elevated to “normal” and through to “light” if
perceived risks are low.

A preferred implementation may be to only inform the
user when a certain assessment 1s achieved. This may help
to ensure a seamless solution without nhlibiting social
interaction.

The proposed concept has the advantage that a network of
sensors and portable computing devices with monitoring
and/or communication functions can be easily transformed
into an assessment system.

Aspects of the present mnvention may be embodied as a
monitoring method or system at least partially embodied by
a portable computing device or distributed over separate
entities including a portable computing device. Aspects of
the present invention may take the form of a computer
program product embodied 1n one or more computer-read-
able medium(s) having computer readable program code
embodied thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
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conductor system, apparatus, or device, or any suitable
combination of the foregoing. Such a system, apparatus or
device may be accessible over any suitable network con-
nection; for instance, the system, apparatus or device may be
accessible over a network for retrieval of the computer
readable program code over the network. Such a network
may for instance be the Internet, a mobile communications
network or the like. More specific examples (a non-exhaus-
tive list) of the computer readable storage medium may
include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of the present
application, a computer readable storage medium may be
any tangible medium that can contain, or store a program for
use by or in connection with an instruction execution
system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that 1s not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wireline, optical fiber cable,
RFE, etc., or any suitable combination of the foregoing.

Computer program code for carrying out the methods of
the present invention by execution on the processor 110 may
be written 1n any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the processor 110
as a stand-alone software package, e.g. an app, or may be
executed partly on the processor 110 and partly on a remote
server. In the latter scenario, the remote server may be
connected to the head-mountable computing device 100
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection
may be made to an external computer, e.g. through the
Internet using an Internet Service Provider.

Aspects of the present invention are described above with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer program instructions to be executed in
whole or 1n part on the data processor 110 of the cardiopul-
monary resuscitation coordination system including portable
computing device, such that the instructions create means
for implementing the functions/acts specified in the flow-
chart and/or block diagram block or blocks. These computer
program 1nstructions may also be stored 1mn a computer-
readable medium that can direct the cardiopulmonary resus-
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citation guidance system including the portable computing
device to function 1n a particular manner.

The computer program instructions may, for example, be
loaded onto the portable computing device to cause a series
ol operational steps to be performed on the portable com-
puting device and/or the server, to produce a computer-
implemented process such that the structions which
execute on the portable computing device and/or the server
provide processes for implementing the functions/acts speci-
fied 1n the flowchart and/or block diagram block or blocks.
The computer program product may form part of a patient
monitoring system including a portable computing device.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those
skilled 1n the art will be able to design many alternative
embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed
between parentheses shall not be construed as limiting the
claim. The word “comprising” does not exclude the presence
of elements or steps other than those listed 1 a claim. The
word “a” or “an” preceding an element does not exclude the
presence of a plurality of such elements. The invention can
be implemented by means of hardware comprising several
distinct elements. In the device claim enumerating several
means, several of these means can be embodied by one and
the same 1tem of hardware. 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.

The invention claimed 1s:

1. A system comprising:

a sensor configured to generate one or more sensor

signals; and

a processor adapted to receive the one or more sensor

signals, and further adapted to:

identify a task to be performed by a person based on
said received one or more sensor signals;

obtain a task-specific complexity signal representative
of a required level of functional ability to perform
the 1dentified task;

obtain a functional ability signal representative of a
determined functional ability of the person;

obtain a task-specific risk signal representative of a risk
of the i1dentified task, wherein the task-specific risk
signal comprises information related to both the
person’s perceived risk of the identified task, and a
caregiver’s perceived risk of the identified task;

determine an ability of the person to perform the
identified task based on the task-specific complexity
signal, the task-specific risk signal and the deter-
mined functional ability signal; and

generate an assessment signal representative of the
determined ability of the person to perform the
identified task.

2. The system according to claim 1, wherein the task-
specific risk signal further comprises information relating to
an availability of the caregiver.

3. The system according to claim 1, wherein the one or
more sensor signals are representative of a detected value of
a property of at least one of: the person; and an environment.

4. The system according to claim 3, further comprising a
sensor adapted to: (1) detect a value of a property of at least
one of: the person, and the environment, and (11) to generate
a sensor signal representative of the detected value.

5. The system according to claim 1, further comprising a
task complexity data store adapted to store data relating to
tactors that influence required levels of functional ability to
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perform tasks, and wherein the processor 1s adapted to
access data stored 1n the task complexity data store and to
obtain the task-specific complexity signal from the accessed
data.

6. The system according to claim 1, wherein the processor
1s further adapted to determine the ability of the person to
perform the 1dentified task based on historical information
relating to one or more previously determined representa-
tions of the person’s functional ability.

7. The system according to claim 1, further comprising an
input interface adapted to recerve an mput for defining or
modifying at least one of: the task to be performed by the
person, the required level of functional ability to perform the
identified task, the functional ability of the person, the risk
of the identified task, and data relating to factors that
influence required levels of functional ability to perform
tasks.

8. The system according to claim 1, wherein the system 1s
adapted to provide the generated assessment signal to at
least one of: the person, a medical practitioner, and a
caregiver.

9. The system according to claim 1, further adapted to
store the generated assessment signal 1n a database.

10. The system according to claim 1, wherein the task to
be performed 1s taken from a group comprising: eating,
cooking, medicating, sleeping, toileting, bathing, and wash-
ng.

11. A method, comprising:

generating, by each of one or more sensors of a task

identification system, a sensor signal;

recerving, by a processor of the task identification system,

the generated sensor signal from each of the one or
mMore sensors;

identifying a task to be performed by a person based on

the received generated sensor signal;

obtaining a task-specific complexity signal representative

of a required level of functional ability to perform the
identified task;

obtaining a functional ability signal representative of a

determined functional ability of the person;
obtaining a task-specific risk signal representative of a
risk of the identified task, wherein the task-specific risk
signal comprises information related to both the per-
son’s perceived risk of the identified task, and a care-
giver’s percerved risk of the identified task;

determining an ability of the person to perform the
identified task based on the task-specific complexity
signal, the task-specific risk signal and the determined
functional ability signal; and

generating an assessment signal representative ol the

determined ability of the person to perform the identi-
fied task.

12. A non-transitory computer-readable storage medium
of a task identification system, the non-transitory computer-
readable storage medium configured to store instructions
that, when executed by a processor of the task 1dentification
system, perform the steps of:

recerving a sensor signal generated by each of one or more

sensors of the task identification system;

identifying a task to be performed by a person based on

the received generated sensor signal;

obtaining a task-specific complexity signal representative

of a required level of functional ability to perform the
identified task;

obtaining a functional ability signal representative of a

determined functional ability of the person;
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obtaining a task-specific risk signal representative of a
risk of the 1dentified task, wherein the task-specific risk
signal comprises mformation related to both the per-
son’s percerved risk of the identified task, and a care-
giver’s percerved risk of the identified task;

determining an ability of the person to perform the
identified task based on the task-specific complexity
signal, the task-specific risk signal and the determined
functional ability signal; and

generating an assessment signal representative of the

determined ability of the person to perform the identi-
fied task.
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