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(7) ABSTRACT

A wearable sensor device which comprises a heart rate
monitor, a motion sensor and an optical sensor. The heart
rate monitor output, the motion sensor output and the optical
sensor output are processed to determine if the sensor device
is currently being worn. In this way, a robust mechanism is
provided for detecting when the sensor is being worn.
Monitoring for the next transition from a not worn state back
to a worn state is achieved with lowest possible power
consumption by using only the optical sensing.

10
12

T
= ~-20

| 26

~22




Patent Application Publication  Oct. 19,2017 Sheet 1 of 2 US 2017/0296124 A1

28
" f_(;\ 10

10 uP /
\ =TS
|T| ':I—\:?O

D 22

FIG. 1 s
33 FIG. 2

32
Off>2s

L=0 OR
{AL=0 AND HR=1}

31

37.

L=10R
{AL=0 NAND HR=1

FIG. 3



Patent Application Publication  Oct. 19,2017 Sheet 2 of 2 US 2017/0296124 A1

50

“. ~

f 56 55
uP —
/O
App
7 <
53 5 %

FIG. 4



US 2017/0296124 Al

SYSTEM AND METHOD FOR DETECTING
WHEN A SENSOR IS WORN

FIELD OF THE INVENTION

[0001] This invention relates to a system and method for
detecting when a sensor is worn. In particular, it relates to a
watch-type sensor which is able to monitor physiological
parameters when worn, but which is often removed by a
user.

BACKGROUND OF THE INVENTION

[0002] There are known watch-type sensor devices, for
example for monitoring heart rate and activity related mea-
surements in respect of the user. These measurements are
used to monitor the user’s behavior and provide feedback in
order to assist the user in achieving goals with respect to a
healthier living.

[0003] A known personal health monitoring wearable
device (watch) of Philips (trade mark) for example com-
prises a photoplethysmogram (PPG) sensor for heart rate
sensing having an LED light source arrangement and a
detector for detecting reflected light. The device also has a
motion sensor, which for example enables measurement of
acceleration, motion cadence and motion speed. The sensed
signals may be processed to derive the energy expenditure
and also identify an exercise type. The device may also
derive the sleep stage of the wearer and the sleeping heart
rate, as well as the respiration rate.

[0004] To be able to know if measurements are actually
from the user of the sensor device, the watch needs to be able
to detect if it is being worn or not. If the watch is not worn,
any measurements provided by the sensors within the device
should be ignored.

[0005] It is known for the sensor device to provide
elementary wear detection, in particular by detecting if a
light path to an optical sensor is blocked or not. In this way,
the sensor can detect if the sensor is in a well-lit environment
rather than pressed against the skin of the user. This elemen-
tary wear detection is however not sufficient to provide
accurate wear detection. If, for example, the user takes off
the watch and puts it face up on a bedside table, the sensor
device will see a material and erroneously think the watch is
being worn.

[0006] There have been other proposals for implementing
detection of when a sensor device is being worn. For
example, US 2016/0022175 discloses the use of a motion
sensor which is used to detect when the wearable sensor
device remains stationary for too long, as an indication of a
not-worn state. It also mentions the use of statistical features
from other sensors.

[0007] There remains a need for a wear detection approach
which is easy to implement and also gives reliable results.

SUMMARY OF THE INVENTION

[0008] The invention is defined by the claims.

[0009] According to examples in accordance with an
aspect of the invention, there is provided a wearable sensor
device, comprising:

[0010] a heart rate monitor having an output representing
a monitored heart rate;

[0011] a motion sensor having an output representing a
sensed motion;
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[0012] an optical sensor for detecting if a skin contact
surface of the sensor device is in contact with a surface; and
[0013] a processor,

[0014] wherein the processor is adapted to process the
heart rate monitor output and the motion sensor output and
to determine that the sensor device is currently not being
worn based on analysis of the combination of output signals
from the heart rate monitor, motion sensor and optical
sensot,

[0015] wherein the processor is adapted to categorize the
heart rate monitor, motion sensor and optical sensor outputs
to define at least the two states of device worn and device not
worn,

[0016] wherein the processor is adapted to implement a
transition from the device worn state to the device not worn
state based on analysis of the heart rate monitor, motion
sensor and optical sensor outputs and timing values, and
[0017] wherein the processor is adapted to implement a
transition from the device not worn state to the device worn
state based on analysis only of the optical sensor output and
timing values.

[0018] In this way, the invention interprets both heart rate
and activity level information to determine if a sensor is
being worn. Activity level information alone may not be
sufficient to determine if the sensor is worn. For example a
very low activity level may either be because the sensor is
not worn and is placed in a stationary location or because the
user has very low activity level. Similarly, a very high
activity may either be because the user is highly active or
because the sensor is placed in a moving location (in a
vehicle for example).

[0019] Heart rate information alone may also not be
sufficient to determine if the sensor is worn. For example a
PPG sensor may detect a flow even when not coupled to the
user. For example the PPG optical heart rate sensor may pick
up signals from ambient lighting or from noise when the
watch is not warn. In some known PPG sensor designs, the
output of the PPG sensor is set to report a maximum heart
rate at its output, in response to such input noise.

[0020] The invention combines the two measures together
with optical sensing to provide a more reliable metric. If
there is an unnatural combination of heart rate and activity
level, this is an indication that the sensor device is not being
worn. By “unnatural” is meant that the combination of
physiological parameters would not be expected to arise
when the sensor device is in normal use, for example
because the two sensor outputs contradict normal physi-
ological function. Thus, an “unnatural” combination of
signals is a combination of signals which could not be
achieved by a person either when at rest or when exercising.
The signals are “unnatural” if they are contrary to the
physiological interrelationship between activity level and
heart rate, either generally or for the particular user. For
example, an activity level is first derived from the motion
sensor output. An indication that the sensor device is not
worn may then be based on the combination of a heart rate
above a threshold and an activity level below a threshold.
These two measures are contradictory, in that a higher heart
rate should accompany a higher activity level within a given
timeframe.

[0021] The processor is preferably adapted to process the
heart rate monitor output, the motion sensor output and the
optical sensor output during a pre-determined time period to
determine that the sensor device is not being worn. This
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pre-determined time period ensures that a reliable detection
of the activity level and heart rate may be obtained before
making a determination based on the outputs. The pre-
determined time period for example is in the range 5 seconds
to 1 minute.

[0022] The device further comprises an optical sensor for
detecting if a skin contact surface of the sensor device is in
contact with a surface. This is a known way to detect if the
device is being worn. In particular, the sensor device may be
determined as not worn when the optical sensor detects that
the skin contact surface of the sensor device is not in contact
with a surface. The optical sensor functions as an ambient
light sensor for sensing ambient light, wherein the ambient
light will be occluded when the sensor is being worn. By
using this measure in combination with the heart rate and
motion sensing, a robust decision making process may be
created.

[0023] Note that the optical sensor is preferably the optical
sensor of an optical heart rate monitor.

[0024] The processor categorizes the heart rate monitor,
motion sensor and optical sensor outputs to define at least
the two states of device worn and device not worn, wherein
the transition from the device wormn state to the device not
worn state is based on analysis of the heart rate monitor,
motion sensor and optical sensor outputs and timing values,
whereas the transition from the device not worn to the device
worn state is based on analysis only of the optical sensor
output and timing values.

[0025] In this way, once the physiological sensors have
been disabled because the device is not worn, only a lower
power sensor needs to be used to determine when the
physiological sensors need to be reactivated. For example,
only the motion sensor is enabled, and when a small
movement is detected the optical sensor (which is preferably
part of the heart rate monitor but may be a separate sensor)
is switched on.

[0026] The processor is for example adapted to deactivate
the collection of sensor data when the sensor device is
determined as not being worn. This avoids the collection of
spurious data and also saves device power. An alternative is
to flag data collected during detection that the device is not
worn as unreliable.

[0027] The motion sensor may comprise an accelerometer
and the heart rate monitor may comprise a PPG sensor.
[0028] The device may for example comprise a watch-
type sensor device for wearing on the wrist.

[0029] Examples in accordance with another aspect of the
invention provide a method of determining whether or not a
wearable sensor device is being worn, comprising:

[0030] monitoring a heart rate using a heart rate monitor of
the wearable sensor device;

[0031] sensing an activity level using a motion sensor of
the wearable sensor device,

[0032] detecting if a skin contact surface of the sensor
device is in contact with a surface using an optical sensor of
the wearable sensor device;

[0033] processing the heart rate, the activity level and the
optical sensor output to determine that the sensor device is
currently not being worn based on a combination of output
signals from the heart rate monitor, motion sensor and
optical sensor;

[0034] categorizing the heart rate monitor, motion sensor
and optical sensor outputs to define at least the two states of
device worn and device not worn;
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[0035] carrying out the transition from the device worn
state to the device not worn state based on analysis of the
heart rate monitor, motion sensor and optical sensor outputs
and timing values; and

[0036] carrying out the transition from the device not worn
state to the device worn state based on analysis only of the
optical sensor output and timing values.

[0037] The method may comprise providing an indication
that the sensor device is not worn based on the combination
of a heart rate above a threshold and an activity level below
a threshold. These sensed conditions are not expected from
auser wearing the device and thus represent spurious signals
which may arise when the device is not worn.

[0038] The method may further comprise detecting if a
skin contact surface of the sensor device is in contact with
a surface and if not, providing an indication that the sensor
device is not worn. This provides an additional mechanism
for detecting if the device is in contact with skin.

[0039] The transition between states is selected based on
the recognition that the optical sensor gives only true results
or false negative results (i.e. the optical sensor may detect a
device as worn when it is not, but it will always correctly
identify a device as not worn). In this way, the power savings
during sensor shut down are increased.

[0040] The method may be implemented at least in part in
software.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Examples of the invention will now be described in
detail with reference to the accompanying drawings, in
which:

[0042] FIG. 1 shows a watch type sensor device;

[0043] FIG. 2 shows sensor elements of the sensor device
of FIG. 1 which are used to determine if the sensor is being
worn,;

[0044] FIG. 3 shows a detection method; and

[0045] FIG. 4 shows a general computer architecture for
implementing the detection method.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0046] The invention provides a wearable sensor device
which comprises a heart rate monitor, a motion sensor and
an optical sensor. The heart rate monitor output, the motion
sensor output and the optical sensor output are processed to
determine if the sensor device is currently being worn. In
this way, a robust mechanism is provided for detecting when
the sensor is being worn. Monitoring for the next transition
from a not worn state back to a worn state is achieved with
lowest possible power consumption by using only the opti-
cal sensing.

[0047] FIG. 1 shows a watch type sensor device 10. It is
used for monitoring physiological parameters of user, when
the sensor device is placed against the wrist.

[0048] The sensor device may be used for monitoring
various physiological parameters.

[0049] A first parameter is the heart rate of the user. This
can be measured using a PPG sensor.

[0050] A second parameter is an activity level of the user.
This can be measured using an accelerometer such as a
three-axis accelerometer. Other motion detection sensors
may also be used, such as GPS sensors, magnetometers,
altimeters and gyroscopes.
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[0051] The physiological parameters are for example used
to provide the user with an indication of their calorie
expenditure.

[0052] In addition to these physiological parameters, the
device has an optical sensor for detecting incident light, and
the light sensor is occluded when the device is worn. This
may be a dedicated optical sensor or it may be an optical
sensor which is already present as part of the PPG sensor.
For example, if the light source of the PPG sensor is
disabled, then the light detector of the PPG sensor can be
used to detect ambient light. This provides a basic way of
determining that the sensor device is worn, and the invention
provides an alternative or additional way of detecting that
the sensor is worn.

[0053] FIG. 2 shows the sensor elements of the sensor
device which contribute to the detection of whether or not
the device is being worn.

[0054] The heart rate monitor comprises a PPG sensor
having a light emitter 20 (or plurality of light emitters) and
detector 22 for detecting a reflected signal from the skin.

[0055] The motion sensor comprises an accelerometer 24
for measuring an activity level. This may for example be
measured as the number of acceleration events, each with an
acceleration above a threshold, within successive time peri-
ods. In this way, activity level is measured as a count of
activity events per unit time. For example, there may be a
threshold of 45 acceleration events in a 10 second cycle,
where the acceleration event is an acceleration spike above
a threshold.

[0056] For example, an acceleration count may be defined
as follows:

[0057]
EC=Z(x-avg(x))+Z(y-avg(y))+Z(z-avg(z))

[0058] This provides a sum of the deviations of the
deviations of the three axis accelerations from the mean.
Difference values need to be taken in order to cancel the
effect of gravity on the measurements obtained. The sum-
mations are carried out during a time window, for example
with a sampling rate of 128 Hz. In this way, a summation of
a fixed number of acceleration values is made during a time
window (e.g. 15 seconds), in such a way that the effect of
gravity is cancelled.

[0059] The light detector 26 provides a signal which is
dependent on whether the sensor is occluded by the user. As
mentioned above, this alone is not sufficient to provide
reliable detection of whether the device is worn, since it does
not distinguish between the device being worn and not worn
during darkness, or distinguish between the device placed on
a table sensor down or being worn.

[0060] The device further comprises a controller 28 for
processing the sensed signals and also for controlling the
sensors, for example placing them into a standby or off mode
when sensor data is not needed.

[0061] FIG. 3 shows one example of the method imple-
mented by the controller 28 in the form of a state diagram.

[0062]

An activity count may for example be defined as:

The states are:

[0063] W: the device is detected as being worn;
[0064] NW: the device is detected as not being worn;
[0065] W?: the device might be worn (i.e. this is an

intermediate state between the not worn detected state and
the worn detected state);
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[0066] NW?: the device might not be worn (i.e. this is an
intermediate state between the worn detected state and the
not worn detected state).

[0067] The light detector 26 has two light level thresholds
and it provides a decision value L. L=0 is an indication that
the device is not worn (i.e. light is received above the higher
light threshold). [=1 is an indication that the device is worn
(i.e. the light level is below the lower threshold).

[0068] In the example shown, there is an intermediate
state [=? where a conclusion cannot be reached. This is
purely optional and it is a state provided by some known
PPG sensor designs.

[0069] The heart rate monitor has a heart rate threshold.
HR=0 is an indication that the heart rate is below the
threshold (or there is no detected heart rate at all) and HR=1
is an indication that the heart rate is above the threshold. The
threshold is for example 125 BPM.

[0070] The activity level monitor has a threshold activity
level. AL=0 is an indication that the activity level is below
the threshold (or there is no detected activity at all) and
AL~1 is an indication that the activity level is above the
threshold.

[0071] For the purposes of explanation, the cycle of states
will be explained starting with a state in which the device is
worn. As will be explained below, this is not however the
state of the device on power up.

[0072] The first state 30 for the purposes of this explana-
tion is that the device is worn (W).

[0073] The algorithm proceeds to a second state 32 (NW?)
when there is an indication that the device may have been
taken off. This is an intermediate state. The path 31 to state
32 is taken if L=0 (so light is received at the light sensor) or
if there is low activity but high heart rate detected. This is the
unnatural condition which suggests a spurious data set.
[0074] A high heart rate is detected for example if there is
a prolonged high heart rate, for example if there is no sample
bellow a threshold, such as 125 BPM, within a fixed duration
time window, such as a 15 s time window.

[0075] Similarly, a low activity rate is detected if the
activity level metric remains below a threshold throughout a
fixed duration time window, again such as a 15 s time
window.

[0076] Low pass filtering may be used to increase the
robustness of the data processing.

[0077] The algorithm stays in state 32 if the light level
state is unknown as shown by path 33 (L=?) or if the light
level state remains as L=0.

[0078] There is a path 34 back to state 30 if the light level
state returns to L=1, or if the contradiction between heart
rate and activity level is resolved (i.e. the problem of AL=0
and HR=1 no longer arises). In the latter case, AL=0 NAND
HR=1 is true (put another way AL OR NOT(HR)=1).
[0079] Note that the algorithm can return to state 30 along
path 34 even if the light level gives L=0, as long as the
contradiction between heart rate and activity level is
resolved. Thus, there are two ways to leave state 30 and two
ways to return to it from state 32.

[0080] There is a time limit in state 32. If the state remains
for more than 5 seconds as shown by path 35 (NW?>5 s) the
not worn state 36 is confirmed.

[0081] In state 36, the sensors are turned off to save power.
[0082] Note that this state 36 is the state adopted by the
algorithm on powering up.



US 2017/0296124 Al

[0083] 1In one approach, periodically, a new set of sensor
data is collected, for the purpose of checking if the not worn
state remains valid. As shown by path 37, after 2 seconds
(Off>2 ) the algorithm moves to state 38. This is another not
worn state but the light sensor is turned on.

[0084] In another approach, the motion sensor remains
turned on even in state 36, and the device only leaves state
36 when any small motion is detected. The light sensor is
then turned on.

[0085] The light sensor only gives false positives (i.e. it
indicates that the device is worn when it is not). It does not
give false negatives (i.c. if the device is detected as not worn,
it must not be worn because light is reaching the sensor).
Thus, all that is needed to leave the not worn state 38 is a
check of the light sensor status. If .=0 as shown by path 39
the algorithm returns to state 36 (for another 2 seconds). The
physiological sensors do not need to be turned on for this
purpose.

[0086] IfL=1 as shown by path 40 the algorithm proceeds
to state 41, which is an intermediate state where it needs to
be determined further if the device is be worn.

[0087] The algorithm otherwise remains in state 41 while
L=1 or is unknown (L=?, path 43). If there is a change back
to =0, the algorithm returns to state 38 along path 42.
[0088] If L remains at L=1 or unknown for a set time (3
s in this example), the algorithm proceeds along path 44 to
the worn state 30.

[0089] The timing values and thresholds mentioned above
are all simply by way of example.

[0090] In general, the example algorithm above provides
departure from a detected worn state based on the contra-
dictory heart rate and activity level OR the light detection.
The ftransition from the device worn state 30 to the device
not worn states 36,38 is thus based on analysis of the heart
rate monitor, motion sensor and optical sensor outputs and
also based on timing values.

[0091] Once a not worn state has been confirmed, the
algorithm provides a departure from the not worn state 38
based only on the light detection. The transition from the
device not worn state 38 to the device worn state 30 is based
on analysis only of the optical sensor output and also based
on timing values.

[0092] Inthis way, the more power consuming physiologi-
cal sensors are not used again until the worn state is
reconfirmed. They are only used to detect when a departure
from the worn state is appropriate. In the not worn state these
sensors are shut down to save power and prevent recording
of erroneous data.

[0093] The specific set of states shown is only one
example. For example, there may be more than one intet-
mediate state between the detected worn state and the
detected not worn state and there may be more than one
intermediate state between the between the detected not
worn state and the detected worn state.

[0094] The algorithm above makes use of light detection
as one of three parameters for detecting the worn state.
However, the invention may be implemented without the
light detector.

[0095] For example, a suitable range of values of the heart
rate in combination with the contradictory heart rate and
activity level information may be used without the need for
the light sensing approach.

[0096] The system may have further sensors which can
contribute to the detection of whether or not the device is
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being worn. These may include at least one of a skin
response sensot, a sound sensor, and a humidity sensor.
[0097] In the examples above, it is assumed that a fixed
threshold is applied to the heart rate and to the activity level
metric, in order to reach the decision of whether the heart
rate 1s low or high, and the activity level is low or high.
[0098] These thresholds may in practice be personalized.
For example, different people have different rest heart rates,
so different thresholds may be appropriate. A threshold is
desired which is not reached during normal activity levels.
The purpose is to detect false high heart rates, and in some
known PPG sensors, these false readings in the presence of
noise at the input to the PPG sensor are, by default, the
maximum heart rate output of the system. Thus, a high
threshold is appropriate in this case, just below the maxi-
mum heart rate output level. Furthermore, in such a case,
personalization is not needed, since the aim is simply to
detect when a maximum heart rate is being reported—but 1t
is inconsistent with the activity level.

[0099] In a system which uses only the detection of an
“unnatural” combination of signals (and not as an extension
to an optical detection system), it may be more useful to
provide personalization of the heart rate threshold levels.
[0100] The threshold for the activity level may be person-
alized, but again this is not essential. For example, the
purpose of the activity level threshold may simply be to
discriminate between a sensor that is absolutely stationary
and one that is moving because it is worn. A detected low
activity level may simply indicate a stationary sensor. The
threshold may thus be just above the noise threshold of the
sensor. This is again because the system is only looking for
false positives which may arise when the sensor is not worn.
[0101] In a system which uses only the detection of an
“unnatural” combination of signals (and not as an extension
to an optical detection system), it may again be more useful
to provide personalization of the activity level threshold
levels.

[0102] Ifpersonalized thresholds are to be used, a running
average of previously collected data may be used to set the
thresholds, and thereby personalize them to a particular user.
[0103] The system described above makes use of a pro-
cessor for processing the sensed data and for implementing
the algorithm described above.

[0104] FIG. 4 illustrates an example of a computer 50 for
implementing the processor described above.

[0105] The computer 50 includes, but is not limited to,
PCs, workstations, laptops, PDAs, palm devices, servers,
storages, and the like. Generally, in terms of hardware
architecture, the computer 50 may include one or more
processors 51, memory 52, and one or more I/O devices 53
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 is known in the art. The local interface may
have additional elements, such as controllers, buffers
(caches), drivers, repeaters, and receivers, to enable com-
munications. Further, the local interface may include
address, control, and/or data connections to enable appro-
priate communications among the aforementioned compo-
nents.

[0106] The processor 51 is a hardware device for execut-
ing software that can be stored in the memory 52. The
processor 51 can be virtually any custom made or commer-
cially available processor, a central processing unit (CPU),
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a digital signal processor (DSP), or an auxiliary processor
among several processors associated with the computer 50,
and the processor 51 may be a semiconductor based micro-
processor (in the form of a microchip) or a microprocessor.
[0107] The memory 52 can include any one or combina-
tion 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 pro-
grammable read only memory (EPROM), electronically
erasable programmable read only memory (EEPROM), pro-
grammable read only memory (PROM), tape, compact disc
read only memory (CD-ROM), disk, diskette, cartridge,
cassette or the like, etc.). Moreover, the memory 52 may
incorporate electronic, magnetic, optical, and/or other types
of storage media. Note that the memory 52 can have a
distributed architecture, where various components are situ-
ated remote from one another, but can be accessed by the
processor 51.

[0108] The software in the memory 52 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 52 for
example may include one or more of a suitable operating
system (O/S) 54, compiler 55, source code 56, and one or
more applications 57 in accordance with exemplary embodi-
ments.

[0109] The application 57 comprises numerous functional
components such as computational units, logic, functional
units, processes, operations, virtual entities, and/or modules.
[0110] The operating system 54 controls the execution of
computer programs, and provides scheduling, input-output
control, file and data management, memory management,
and communication control and related services.

[0111] Application 57 may be a source program, execut-
able program (object code), script, or any other entity
comprising a set of instructions to be performed. When a
source program, then the program is usually translated via a
compiler (such as the compiler 55), assembler, interpreter, or
the like, which may or may not be included within the
memory 52, so as to operate properly in connection with the
operating system 54. Furthermore, the application 57 can be
written as an object oriented programming language, which
has classes of data and methods, or a procedure program-
ming 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, JavaScript, FORTRAN, COBOL, Perl, Java, ADA,
NET, and the like.

[0112] The I/O devices 53 may include input devices such
as, for example but not limited to, a mouse, keyboard,
scanner, microphone, camera, etc. Furthermore, the 1/O
devices 53 may also include output devices, for example but
not limited to a printer, display, etc. Finally, the I/O devices
53 may further include devices that communicate with both
inputs and outputs, for instance but not limited to, a network
interface controller (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, etc. The I/O devices
53 also include components for communicating over various
networks, such as the Internet or intranet.

[0113] When the computer 50 is in operation, the proces-
sor 51 is configured to execute software stored within the
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memory 52, to communicate data to and from the memory
52, and to generally control operations of the computer 50
pursuant to the software. The application 57 and the oper-
ating system 54 are read, in whole or in part, by the
processor 51, perhaps buffered within the processor 51, and
then executed.

[0114] When the application 57 is implemented in soft-
ware it should be noted that the application 57 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 in connection with a computer related
system or method.

[0115] The invention is of interest for wearable health
monitoring devices generally, and is not limited to devices
to be worn on the wrist.

[0116] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. 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.
Any reference signs in the claims should not be construed as
limiting the scope.

1. A wearable sensor device, comprising:

a heart rate monitor having an output representing a

monitored heart rate;

a motion sensor having an output representing a sensed

motion;

an optical sensor for detecting if a skin contact surface of

the sensor device is in contact with a surface; and

a processor,

wherein the processor is adapted to process the heart rate

monitor output and the motion sensor output and to
determine that the sensor device is currently not being
worn based on analysis of the combination of output
signals from the heart rate monitor, motion sensor and
optical sensor,

wherein the processor is adapted to categorize the heart

rate monitor, motion sensor and optical sensor outputs
to define at least the two states of device worn (30) and
device not worn,

wherein the processor is adapted to implement a transition

from the device worn state to the device not worn state
based on analysis of the heart rate monitor, motion
sensor and optical sensor outputs and timing values,
and

wherein the processor is adapted to implement a transition

from the device not worn state to the device worn state
based on analysis only of the optical sensor output and
timing values.

2. A device as claimed in claim 1, wherein the processor
is adapted to process the heart rate monitor output, the
motion sensor output and the optical sensor output during a
pre-determined time period to determine that the sensor
device is not being worn.

3. A device as claimed in claim 1, wherein the processor
is adapted to derive an activity level from the motion sensor
output.
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4. A device as claimed in claim 3, wherein the processor
is adapted to provide an indication that the sensor device is
not worn based on the combination of a heart rate above a
threshold and an activity level below a threshold.

5. A device as claimed in claim 1, wherein the heart rate
monitor is an optical heart rate monitor and the optical
sensor is an optical sensor of the optical heart rate monitor.

6. A device as claimed in claim 1, wherein the processor
is adapted to deactivate the collection of sensor data when
the sensor device is determined as not being worn.

7. A device as claimed in claim 1, wherein the motion
sensor comprises an accelerometer and the heart rate moni-
tor comprises a PPG sensor.

8. A method of determining whether or not a wearable
sensor device is being worn, comprising:

monitoring a heart rate using a heart rate monitor of the

wearable sensor device;

sensing an activity level using a motion sensor of the

wearable sensor device;

detecting if a skin contact surface of the sensor device is

in contact with a surface using an optical sensor of the
wearable sensor device;

processing the heart rate, the activity level and the optical

sensor output to determine that the sensor device is
currently not being worn based on a combination of
output signals from the heart rate monitor, motion
sensor and optical sensor;
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categorizing the heart rate monitor, motion sensor and
optical sensor outputs to define at least the two states of
device worn and device not worn;

carrying out the transition from the device worn state to
the device not worn state based on analysis of the heart
rate monitor, motion sensor and optical sensor outputs
and timing values; and

carrying out the transition from the device not worn state

to the device worn state based on analysis only of the
optical sensor output and timing values.

9. A method as claimed in claim 8, comprising providing

an indication that the sensor device is not worn based on the

combination of a heart rate above a threshold and an activity
level below a threshold.

10. A method as claimed in claim 8, further comprising
detecting if a skin contact surface of the sensor device is in
contact with a surface and if not, providing an indication that
the sensor device is not worn.

11. A method as claimed in claim 8, comprising deacti-
vating the collection of sensor data when the sensor device
is determined as not being worn.

12. A computer program comprising computer program
code means for implementing the method of claim 8 when
said program is run on the processor of the device.
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