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7) ABSTRACT

The present invention relates to a system for unobtrusive
fertility tracking, comprising a sensor for obtaining a heart
signal, a processing unit configured to determine a subject’s
heart rate from the heart signal, and an evaluation unit
configured to analyze the subject’s heart rate to predict
likelihood of ovulation. The processing unit is further con-
figured to extract heart rate variability features from the
heart signal, and the evaluation unit is further configured to
predict likelihood of ovulation based on the heart rate
variability features.
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UNOBTRUSIVE OVULATION TRACKING
SYSTEM AND METHOD USING A SUBJECTS
HEART RATE

FIELD OF THE INVENTION

[0001] The present invention relates to a system and a
corresponding method to unobtrusively track and predict the
fertile periods of a subject analyzing the subject’s heart rate.

BACKGROUND OF THE INVENTION

[0002] Many adults develop the wish to have children.
However, it is commonly known that becoming pregnant
can be a non-trivial objective. Depending on a variety of
factors, it may be hard (or ultimately impossible) to even
start the pregnancy. One of those factors is the precise
moment of conception. It is only during the most fertile days
of the menstrual cycle that the optimal conditions for getting
pregnant are satisfied.

[0003] The woman’s fertility varies throughout her
monthly cycle, and actually, conception can only occur
shortly (within 12 hours) after the ovulation. The ovum
released during ovulation only has a lifetime of up to 48
hours and the sperm survives in the vaginal environment for
an average of 60 to 120 hours. During the fertile period, the
vaginal environment becomes more welcoming and friendly
to sperm. Cervical mucus becomes less acidic and more
elastic and the cervix moves from a low, firm, dry and closed
position to being soft, high and open. All these changes
facilitate the passage of sperm to the uterus and the Fallopian
tubes, where fertilization of the released ovum usually
occurs.

[0004] Because the day of ovulation is important to under-
standing fertility, many women tend to monitor their bodies
for signs of ovulation. However, although many women
think they know when they ovulate, it is quite likely that not
a lot do actually know. Hence, several test and tools have
been developed and are commercially available to assist in
predicting the fertile period.

[0005] Basal (or Core) Body Temperature (BBT) Ther-
mometers are used to measure the core body temperature at
certain times of the day. When women ovulate, their core
temperature rises by half a degree to a full degree because
of the extra progesterone in their body. Although the tem-
perature can fluctuate throughout the month, a sustained
increase in body temperature is indicative of the ovulation
having occurred. With BBT thermometers, the temperature
is tracked during the monthly period, typically by a daily
oral measurement protocol, and the periodic nature of the
woman’s cycle can be used to predict the fertile period after
a few months of measurements.

[0006] A similar approach is applied by Luteinizing Hot-
mone (LH) Testing Kits which measure the LH levels in the
woman’s urine. Luteinizing hormone LH is produced by
gonadotroph cells in the anterior pituitary gland. An acute
rise of LH triggers ovulation. LH Testing Kits are available
in form of dipsticks which change color if ovulation will
happen within 24 to 48 hours. The fertility tracking using
these kits is similar to BBT thermometers and requires a
strict protocol since the LH levels have to be measured at the
same time every day.

[0007] The aforementioned methods are usually combined
with electronic monitoring devices which assist a person to
follow the protocol. These monitoring devices usually keep
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track of the measurements and indicate when another mea-
surement is required. Furthermore, by tracking the measure-
ments of several methods and combining these with the
periodic nature of the menstrual cycle, the monitoring
devices are capable of predicting the fertile periods very
precisely.

[0008] The monitoring devices assist in following the
protocol but will not replace it. Hence, the fairly small but
non-negligible burden of explicit protocol remains. Its daily
nature, combined with the short fertile time window, means
that no days shall be skipped, and in many cases, this
protocol has to be sustained for months in a row. Especially,
the strict timing of BBT and LH measurements can be
hampering in real-life settings, and a deviation may reduce
the reliability of the outcome. Furthermore, to be forced to
take measurements at a certain time slot can pose privacy
issues, as one is not always under control of the social setting
at a given moment of the day. Hence, there is a need for an
improved device and method.

[0009] JP 2006-094969 discloses a method and an appa-
ratus for determining female menstrual cycles by measuring
continuously a heart rate of a subject. The menstrual cycle
and ovulation dates are estimated by comparing the day
average value with the monthly average value of the heart
rate.

SUMMARY OF THE INVENTION

[0010] Itisan object of the present invention to provide an
alternative system for the determining the fertile periods of
a subject that is less complex, unobtrusive and is more
reliable. Furthermore, a corresponding method shall be
provided.

[0011] In a first aspect of the present invention a system
for unobtrusive ovulation tracking is presented, comprising:

[0012] a sensor for obtaining a heart signal,

[0013] a processing unit configured to process the heart
signal, and

[0014] an evaluation unit configured to analyze the heart

signal to predict likelihood of ovulation,

[0015] wherein the processing unit is configured to extract
heart rate variability features from the heart signal, and
wherein the evaluation unit is further configured to predict
likelihood of ovulation based on the heart rate variability
features.

[0016] In a further aspect of the present invention a
method for unobtrusive ovulation tracking is presented,
comprising:

[0017] obtaining a heart signal from a sensor,

[0018] processing the heart signal,

[0019] analyzing the heart signal to predict likelihood of

ovulation wherein the method further comprises the steps of’
[0020] extracting heart rate variability features from the
heart signal, and

[0021] predicting likelihood of ovulation based on the
heart rate variability features.

[0022] Inyet further aspects of the present invention, there
are provided a computer program which comprises program
code means for causing a computer to perform the steps of
the method disclosed herein when said computer program is
carried out on a computer as well as a non-transitory
computer-readable recording medium that stores therein a
computer program product, which, when executed by a
processor, causes the method disclosed herein to be per-
formed.
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[0023] Several embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed methods, processor, computer program and medium
have similar and/or identical embodiments as the claimed
system and as defined in the dependent claims.

[0024] It is thus an idea of the present invention to predict
ovulation based on a subject’s heart signal. Thereto, the
proposed system comprises a sensor to obtain a heart signal
from the subject, and a processing unit to determine indica-
tive features from said signal. The heart signal can be for
instance a photoplethysmography (PPG) signal, an electro
cardiogram (ECG) signal, or a combination of both. From
the heart signal an evaluation unit assesses the likelihood of
ovulation.

[0025] The proposed system thus uses an indicator for
determining the fertility time window of a female that can be
assessed unobtrusively.

[0026] An unobtrusive measurement has the advantage
that it is generally more easily to be applied, and is therefore
frequently more accepted. It may be smoothly integrated
into the daily routine and may consequently reduce devia-
tions from the strict measurement protocol. Furthermore,
besides the simplicity, an unobtrusive measurement is usu-
ally more comfortable.

[0027] Using a heart signal as an indicator has the further
advantage that the measurement process may be performed
automatically. Automating the process has several advan-
tages over conventional manual assessment.

[0028] The measurement may be initiated by the system at
regular intervals. Thus, a strict protocol may be followed
without manual intervention. The automated measurement
can ensure that no measurements are forgotten, and the strict
protocol may be sustained easily over a period of several
months. The longer a precise schedule is maintained the
better and more reliable becomes the prediction of the
menstrual phases and ovulation.

[0029] Moreover, obtaining a heart signal is not limited to
specific sensors. Several sensors are available that can
produce a robust heart signal. Many of these sensors are
already available in devices of our daily life, and may thus
be reused in conjunction with the proposed system. This
way, the proposed system may replace special sensors or
testing kits and thus proposes a cost saving alternative.
[0030] Overall, the proposed system allows for a simple
and comfortable determination of the fertility time window
of a female and at the same time enhances the reliability of
long term assessments.

[0031] Finally, since the heart rate variability features
correlate with estrogen levels during ovulation, they are
used to predict the likelihood of ovulation. Hence, the
prediction becomes more accurate and reliable.

[0032] According to an embodiment of the system, the
evaluation unit comprises a phased locked loop which locks
onto the heart rate variability features to predict likelihood
of ovulation. The use of a phased locked loop makes it
possible to adapt to fluctuations in the heart rate variability
pattern. As a consequence, this enables a more accurate
forecast than the prior art system, which is based instead on
a mere averaging of heart rate data over a monthly period,
the prior art system being in fact more able to perform
detection of ovulation dates than to achieve a real prediction
of said ovulation dates.

[0033] According to a further embodiment of the system,
the proposed system comprises an activity determination
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unit configured to provide an activity indicator indicative of
a current activity level and/or a user’s physical condition, in
particular a circadian rhythm or phase of the subject,
wherein the evaluation unit is further configured to predict
the likelihood of ovulation based on said activity indicator.
By determining the current activity level the system can be
further automated. It allows measuring the heart rate at an
appropriate time, for instance, while the subject is relaxed
but awake, in a neutrally temperate environment, and not
having recently exerted herself.

[0034] According to a further embodiment of the system
the proposed system comprises a motion sensor configured
to determine motion and/or orientation data of the subject,
wherein the activity determination unit is configured to
provide the activity indicator based on said motion and/or
orientation data. The reliability of the activity indicator is
advantageously enhanced by the motion and/or orientation
data, since it can indicate if a person is currently at rest or
active. This way, more reliable measurements are feasible.
[0035] According to a further embodiment of the system
the proposed system comprises an ambient sensor config-
ured to determine an ambient temperature and/or ambient
light levels, wherein the activity determination unit is con-
figured to provide the activity indicator based on said
ambient temperature and/or ambient light levels. The ambi-
ent temperature and/or ambient light levels contribute in the
assessment of a viable activity indicator and thus further
facilitate an autonomous measurement.

[0036] According to a further embodiment of the system
the proposed system comprises a calendar unit configured to
track local date and time information, wherein the activity
determination unit is configured to provide the activity
indicator based on said local date and time information.
Advantageously, the date and time information is used to
determine the circadian rhythm of a subject. In chronobiol-
ogy the circadian rhythm is the endogenous, biological
process that displays an oscillation of about 24 hours.
Advantageously, the circadian rhythm of a subject is taken
into account while assessing the activity indicator. There are
indications that the period of ovulation is also related to the
circadian rhythm or phase.

[0037] Advantageously, the previous mentioned embodi-
ments related to the activity indicator are combined to obtain
a precise activity indicator. For instance, night-time condi-
tions can be inferred from little to no motion, horizontal
orientation, low light level and a constant ambient tempera-
ture in a certain personal range. Combined with the local
time, a fair assessment can be made, whether a person is
asleep and hence in a suitable condition for the measurement
of a resting heart signal.

[0038] According to a further embodiment of the system
the proposed system comptises a data storage for archiving
the subject’s heart signal and/or other sensor data, wherein
the evaluation unit is further configured to predict the
likelihood of ovulation based on subject’s current and
archived heart signal and/or the other sensor data. This way,
the heart signal can easily be analyzed over time by com-
paring the heat signal of different periods. Advantageously,
the data is maintained for several months to allow a viable
prognosis of future ovulations. The other sensor data can
include any sensor data not related to the subject’s heart
signal that may assist in the assessment.

[0039] According to a further embodiment of the system
the proposed system comprises a communication unit for
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wirelessly exchanging data with external sensors and/or
processing units and/or user input, wherein the evaluation
unit is further configured to predict the likelihood of ovu-
lation based on said data. This way, the multiple components
can communicate with each other wirelessly. The sensors
can thus be at a position for optimal measurements, whereas
the processing is done centralized, for instance by the
processing unit available in a smartphone. Additionally, the
system can obtain input from other sensors such as data of
the core temperature of a subject to further refine the
assessment. Hence, the system is more flexible and scalable.
[0040] According to a further embodiment of the system
the proposed system comprises a data integration unit con-
figured to integrate testing results from other fertility track-
ing devices, in particular luteinizing hormone testing
devices and/or basal body temperature thermometers,
wherein the evaluation unit is further configured to predict
the likelihood of ovulation based on the heart signal and/or
the testing results from other fertility tracking devices.
Advantageously, the assessment based on the heart signal is
refined using the results of other fertility tracking devices.
Advantageously, these devices provide there assessment in
electronic format such that the evaluation unit can directly
consider these results while assessing the likelihood of
ovulation based on the heart signal. However, it is also
conceivable that such results are provided manually to the
system, for instance as training data, to adjust the system to
particular user requirements.

[0041] According to a further embodiment of the system
the proposed system comprises a training unit configured to
adjust the evaluation unit based on training data and/or
individual user input. This way, self-learning can be imple-
mented using training sets such as statistics gather from a
given population or external ground truths provided by the
user, for instance, start and end dates of the last menstrua-
tion. The system is thus customizable and adaptable to the
specific user requirements.

[0042] According to a further embodiment the sensor is an
optical heart rate sensor. Thus, the heart signal is obtain with
a sensor that can be widely applied on various parts of the
subject’s body, compared to other electrocardiographs that
restrict the sensing location to e.g. the chest. Hence, optical
heart rate sensors such as photoplethysmography (PPG)
sensors are in particular suited for unobtrusive measure-
ments.

[0043] According to a further embodiment the sensor is a
body-worn sensor. Body-worn means that the sensor can be
integrated into cloths or accessories the subject is regularly
wearing. Advantageously, the sensor can be integrated into
accessories such as a watches, wristbands or necklaces
allowing for a comfortable, yet continuous, measurement of
the subject’s heart rate.

[0044] According to an alternative embodiment the sensor
is detached from the subject, in particular a camera and/or a
biofeedback device. Thus, in this alternative the sensor is not
in direct contact with the subject. For instance, a heart signal
can be obtained from analyzing images of the subject taken
by one or more camera. Cameras can be found in many
devices of the daily life, in particular, devices connected to
a network such as PCs, laptops or smartphones. Appropriate
footage can thus be obtain from already existing sensors and
analyzed by a central processing unit. Where a single heart
rate measurement of such a device might not always yield a
precise result, an average over multiple measurements may
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be suitable for an overall assessment, in particular, if the
system provides self-learning capabilities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0046] FIG. 1 shows an embodiment of a system accord-
ing to the present invention,

[0047] FIG. 2 shows a schematic diagram of an embodi-
ment of a system according to the present invention,

[0048] FIG. 3 shows a further embodiment of the present
invention,
[0049] FIG. 4 show an alternative embodiment of the

present invention, and
[0050] FIG. 5 shows sample training data for an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0051] FIG. 1 shows a first embodiment of the system
according to the present invention. The system is denoted in
its entirety with reference numeral 10. The proposed system
comprises a sensor 12, a processing unit 14 and an evalu-
ation unit 16.

[0052] The sensor 12 may be any device configured to
obtain a heart signal 18 from a subject. In one embodiment
the sensor 12 could be an electrocardiograph (ECG) with
electrodes placed on the subject’s skin. ECG is used to
measure the heart’s electrical conduction system. It picks up
electrical impulses generated by the polarization and depo-
larization of cardiac tissue and translates into a waveform
(heart signal). The waveform is then used to measure the rate
and regularity of heartbeats.

[0053] In an embodiment, the sensors are photoplethys-
mographs (PPG). Photoplethysmography is an optical mea-
surement technique that evaluates a time-variant change of
light reflectance or transmission of an area or volume of
interest. PPG is based on the principle that blood absorbs
light more than surrounding tissue, so variations in blood
volume with every heartbeat affect transmission or reflec-
tance correspondingly. A distinction is made between con-
tact PPG sensors and non-contact, remote PPG (rPPG)
SEensors.

[0054] Contact PPG devices measure the heart rate and
sometimes also the (arterial) blood oxygen saturation (also
called SpO2) of a subject using sensors attached to the skin
of the subject, for instance to a fingertip, earlobe or forehead.
[0055] Non-contact, remote PPG (rPPG) devices are based
on the same principal as contact PPG devices, but utilize
light sources or, in general radiation sources, disposed
remotely from the subject of interest. Similarly, also a
detector, e.g., a camera or a photo detector, can be disposed
remotely from the subject of interest. Therefore, remote
photoplethysmographic systems and devices are considered
unobtrusive and are well suited for medical as well as
non-medical everyday applications.

[0056] It shall be noted that the invention is not limited to
any of these sensors. Other sensors such as a seismocardio-
graph, or even a combination of several different sensors are
conceivable as well.

[0057] The heart signal 18 obtained by the sensor 12 is
processed by a processing unit 14. In an embodiment, the
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heart signal 18 is provided as a continuous data stream. The
processing unit 14 could be a microcontroller such as an
ASIC, DSP or a FPGA which is specifically designed for this
task. In other embodiments the processing using could be
part of a general purpose processing unit, for instance that of
a PC or smartphone. The processing unit processes the heart
signal and advantageously extracts multiple indicators such
as the subject’s heart rate 20, heart rate variability features,
or a combination of both. An indicator could for instance be
the short-term averaged heart rate 20.

[0058] The evaluation unit 16 predicts the likelihood of
ovulation 22 based on said indicator, e.g. the heart rate 20.
Advantageously, the assessment is an analysis of the heart
rate 20 over time. During ovulation the resting heart rate is
significantly higher than during other times of the menstrual
cycle. Therefore, the evaluation unit 16 is configured to
detect periods of higher heart rate. Advantageously, the
evaluation unit 16 compares daily heart rate values with
previous measurements taken under similar conditions to
detect an absolute change in heart rate 20.

[0059] Based on the assessment the evaluation unit 16
may provide the likelihood of ovulation 22 on a defined
scale or as percentage value. In other embodiments the
evaluation unit 16 might indicate periods of high likelihood
of ovulation 22 by a simple alarm. The evaluation unit 16
could be a microcontroller similar to the processing unit 14.
In other embodiments the processing unit 14 and the evalu-
ation unit 16 may be combined into a single device. The
evaluation unit 16 is, however, not limited to any specific
device. It is also conceivable that the evaluation is per-
formed by specialized data processing means, for instance
by a dedicated processor or by data mining using dedicated
software. In such a case the heart rate data could be stored
in a database with special algorithms for determining varia-
tions of the heart rate over time.

[0060] FIG. 2 shows in detail an embodiment of the
present invention. According to this embodiment, the sensor
12 is a multi-sensor unit which provides inter alia a heart
signal 18. The heart signal 18 is here an inter-beat interval
(TBI) signal representing the time interval between indi-
vidual beats of the heart. In normal heart function IBI values
vary from beat to beat. This natural variation is known as
heart rate variability (HRV). In this embodiment the pro-
cessing unit 14 is configured to determine the heart rate 20
and the heart rate variability 24 from the heart signal 18.
[0061] The heart rate variability 24 is a physiological
phenomenon of variation in the time interval between heart
beats. It relates to a variety of psychological life pattern
factors (stress, attention, etc.) and physical (body strain,
eating, ambient temperature) factors. Inter alia there is a
correlation between HRV and estrogen levels. In particular,
it has been shown that there is a significant correlation
between absolute measures of HRV and 17f-oestradiol at
ovulation. HRV may, hence, be a further indicator for
ovulation. “Absolute” means in this context that there is a
rise in all HRV components (low frequency LF, high fre-
quency HF and total power TP) of the HRV power spectrum.
The components may be determined by fast Fourier trans-
formation (FFT) of the HRV signal. The correlation between
ovulation and HRV is explained in further detail with
reference to FIG. 5.

[0062] The HR and HRV values are fed into the evaluation
unit 16. The evaluation unit 16 is in this embodiment
configured to processes data from several data source.
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Hence, the evaluation unit 16 works as a data integration
unit contbining the data from several inputs to determine the
likelihood of ovulation 22.

[0063] Accordingly, further input may be provided by a
statistical unit 26 which provides statistical input related to
HR and HRV. Advantageously, the statistical unit provides
statistics about the distribution of HR and HRV over time.
However, the statistical unit is not limited to an assessment
over time. It may further include any collection, organiza-
tion, analysis, interpretation and presentation of the HR and
HRV data which may lead to a refined assessment of the
likelihood of ovulation 22. The output of the statistical umt
is fed into the evaluation unit 16.

[0064] Further input to the evaluation unit 16 may be
provided by a menstrual phase determination unit 28. Such
aunit is configured to provide a menstrual phase indicator 30
indicative of the current phase of the menstrual cycle. The
menstrual phase determination unit 28 takes HR and HRV
values as input and is configured to predict the current phase
of the menstrual cycle based upon these values. The deter-
mination unit 28 preferably comprises a Phased Locked
Loop PLL which locks onto HR and/or HRV data collected
by the statistical unit 26 to give a running forecast. This PLL
adapts to fluctuations in the HR/HRV patterns. It enables a
more accurate forecast than by summing up a monthly
period.

[0065] Due to the periodic nature of the menstrual cycle,
the menstrual phase determination unit 28 further takes the
predicted ovulation time 22—thus the output of the evalu-
ation unit 16—as input to align its assessment with the
results of the evaluation unit 16. Thus, the menstrual phase
determination unit 28 acts together with the evaluation unit
16 and the feedback loop 32 as a closed loop. Accordingly,
the menstrual phase determination unit 28 is similar to a
phase detector of a phase-locked loop (PLL).

[0066] Further input to the evaluation unit 16 may be
provided by an activity determination unit 34. The activity
determination unit 34 is configured to provide an activity
indicator 36 indicative of the current activity level of the
subject and/or the user’s physical condition. Such indicator
is in particular advantageous for determining the appropriate
time for a HR/HRV measurement. The relevant basal or
resting heart rate, which is of main interest, is measured
while the subject is relaxed but awake, in a neutrally
temperate environment, and not having recently exerted
herself nor having been subject to a stress or even a surprise.
Such conditions may be determined by the activity deter-
mination unit 34 based on inputs from a variety of sources.
[0067] According to the embodiment shown in FIG. 2
input for the activity determination unit 34 may be obtained
from a motion sensor 38. The motion sensor 38 may provide
acceleration and/or 3D-orientation data. From the accelera-
tion and/or 3D-orientation data inertial features may be
computed which indicate whether a person is at rest or
active. Such data is processed by the activity determination
unit 34 to provide an indicator in which state the subject is
at the moment. Said activity indicator 36 is fed into the
evaluation unit 16 and considered for the assessment, in
particular, for determining the appropriate time window for
the assessment.

[0068] Additionally, the proposed system comprises in
this embodiment an ambient sensor 40 for determining the
surrounding conditions, for instance, the ambient tempera-
ture and/or ambient light levels. The ambient temperature
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and/or ambient light level data are also processed by the
activity determination unit 34 to provide further indications
regarding the current state of the subject.

[0069] It shall be noted that the motion sensor 38 and the
ambient sensor 40 are only examples of input feeds to the
determination unit 34. The activity determination unit 34
may also process further data which may be indicative of the
current state or the health level of the subject.

[0070] The proposed system may further include a calen-
dar unit 42 indicated here by a clock symbol. The calendar
unit 42 is configured to track local date and time informa-
tion. Such data may be fed into the activity determination
unit 34 or directly into the evaluation unit 16.

[0071] For the activity determination unit 34, time and
date information is a relevant factor in determining the
current state of the person. For instance, it can be assumed
that a person is usually more likely at rest during night time
than at day time. Advantageously, the activity determination
unit 34 determines the subject’s personal circadian rhythm.
[0072] The evaluation unit 16 may further directly process
the date and time information for scheduling the measure-
ments and the assessment of the provided input data. In
particular, the periodic nature may be taken into account
based on the time and information data provided by the
calendar unit 42. For instance, in combination with the
activity indicator 36 the time and date data may be used to
determine a suitable point during the day at which a mea-
surement may be taken. This way, the system may auto-
matically adapt to the needs of the subject by means of
self-learning.

[0073] Self learning may be addressed by a further train-
ing unit 44 configured to train and adjust the evaluation unit
16. Generally, a set of training data gathered from multiple
individuals is used as a baseline to initialize the evaluation
unit 16. Furthermore, manual data collected by the indi-
vidual user may be used as input. In an embodiment, the
evaluation unit 16 may be trained continuously during use.
For instance, the subject could provide external ground truth
to which the systems adapts, such as start and end of
menstruation. The training unit 44 thus allows for customi-
zation and an individual configuration of the system. Given
the nature that the menstrual cycle varies for each woman,
the training unit 44 may significantly enhance the reliability
of the system.

[0074] All data that is fed into the evaluation unit can be
archived in a data storage 45 for reuse in a later assessment.
In FIG. 2 only HR and HRV data is archived. The data
storage 45 is, however, not limited to these particular values.
[0075] FIG. 3 shows an embodiment of the proposed
system. According to this embodiment the proposed system
is integrated as a single device into a wristwatch 46. The
wristwatch 46 is similar to a normal watch and can be worn
on a daily basis. The wristwatch 46 comprises a wristband
48 and a watch unit 50. Advantageously, the watch unit 50
comprises one or more microprocessors configured to func-
tion as processing and evaluation unit. The wristwatch 46
comprises at least one sensor unit for obtaining a heart signal
of the person wearing the watch.

[0076] In an embodiment, the sensor is integrated into the
watch unit 50, for instance as an optical heart rate sensor
such as a PPG or rPPG sensor. Such a sensor comprises
light-emitting diodes on the backside of the watch unit 50
facing the subject’s skin. The light-emitting diodes emit
light of a certain type onto the skin in a pulsating manner. A
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further electro-optical cell senses the reflected light and
determines the volume of blood under the skin as explained
in details with reference to FIG. 1. The obtained heart signal
may be further processed by the processing unit to detect the
subject’s true heart rhythm. It shall be noted that the system
is not limited to such a PPG sensor. In other embodiments
alternative sensors, for instance an ECG sensor in form of a
chest strap may be used. Such chest straps may comprise
conductive smart fabric with built-in microprocessors which
analyze the heart signal to determine the true heart rate. The
heart signal and/or the true heart rate are subsequently
transmitted, advantageously wirelessly, to the wristwatch
46.

[0077] The wristwatch 46 may further comprise additional
sensors such as motion and ambient sensors, determining
additional parameters which may be processed to enhance
the assessment by the evaluation unit. Yet in another
embodiment the wristwatch 46 comprises a communication
unit 52 for exchanging data with external devices. External
devices could be additional sensors and/or processing units
and/or storage devices. The communication may use con-
ventional standards such as Bluetooth.

[0078] The wristwatch 46 may further include a display 54
for displaying current system information, in particular, an
indicator of the likelihood of ovulation. Additionally, the
display 54 may present standard data such as time and date.
In an embodiment the wristwatch 46 functions as a normal
watch with an alarm function notifying the user if the
likelihood of ovulation has reached a certain threshold. The
likelihood of ovulation may be presented as a percentage
indicator or as a simple Yes/No indicator 56. The display 54
may further present the current menstrual phase indicated
here with the ring-shaped progress bar 58.

[0079] It shall be noted that the proposed system is not
limited to an integrated display 54. Other embodiments may
comprise external displaying means for notifying the user.
For instance, progress could be tracked on an external
computer system and the current state may be visualized on
that system. It is also conceivable that other notifying means
are used such as e-mail or instant messaging.

[0080] In an embodiment, the wristwatch 46 further com-
prises input means such as dedicated buttons for interacting
with the system. The input means are indicated here by two
input buttons 60 on the side of the watch unit 50 and
navigational input buttons 62 next to the display 54. Besides
general input for controlling the system or navigating
through a menu, the input means 60, 62 may be used in an
embodiment to provide user-specific input to train the evalu-
ation unit and to adapt it to the individual user requirements.
In other embodiments, the input may be provided by exter-
nal devices, for instance a smartphone, so that no input
means at the wristwatch 46 are required.

[0081] As mentioned before, the system is not limited to
a monolithic device as depicted in FIG. 3. With reference to
FIG. 4, a system according to the present invention is shown
with distributed components.

[0082] Such a system may comprise one or more sensors
that provide heart signals of a subject. The sensors may
include a wristwatch 36 as shown in FIG. 3 and/or remote
PPG sensors as indicated here by the camera device 64 and
the optional dedicated light source 65. The camera device 64
could be a simple digital, consumer level photo camera as
they are available in smartphones, PCs or surveillance
cameras. Such a camera usually includes a photosensor, such
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as a CMOS or CCD sensor, which may also operate in a
specific spectral range (visible, IR) or provide information
for different spectral ranges. The camera may provide an
analog or digital signal.

[0083] The light source 65 could be a simple lamp for
illuminating regions of interest, such as the skin of the
subject’s face, with light in a first wavelength range to obtain
reflected light from said region of interest which is detected
by the camera device 64. In another embodiment no dedi-
cated light source is provided, but ambient light is used for
illumination of the subject in the reflective mode. From the
reflective light only light in the desired wavelength range
(e.g. green light) is detected and/or evaluated.

[0084] The camera device 64 forwards recorded image
frames to a central unit 66 of the system. The central unit 66
is depicted here as cloud and comprise besides the afore-
mentioned processing unit and evaluation unit, in particular
image processing means to extract a PPG signal (heart
signal) from the image data. As described above, from the
PPG signal the heart rate of the subject is determined and
processed in the aforementioned manner to obtain the like-
lihood of ovulation.

[0085] The subject is here depicted lying in bed and being
at rest. Other settings are conceivable as well, e.g. the
subject being at work sitting in front of a computer, wherein
the camera device 64 is an integrated camera in the computer
screen. Any setting in which suitable footage of the subject
can be obtained may be used in the assessment. Advanta-
geously, several data feeds are combined for the final
assessment.

[0086] Hence, the central unit 66 may further act as data
integration unit collecting, storing and assessing further data
from other data sources or archives to enhance the predic-
tion.

[0087] Interacting with the cloud could be implemented as
web interface as depicted here by the computer 68. Via the
web interface 68 the user can provide additional data, for
instance, obtained from other fertility tracking means such
as basal body temperature thermometers or luteinizing hor-
mone testing kits. Furthermore, the central unit 66 may
inform the user over the current state and the likelihood of
ovulation using the web interface 68. Advantageously, the
web interface 68 provides a central information system for
the overall fertility tracking. Alternatively, the output is
transferred back to the sensor, for instance, to the wristwatch
46.

[0088] With reference to FIGS. 3 and 4, a fully integrated
system (FIG. 3) and a distributed system (FIG. 4) are shown
as embodiments of the proposed system. It shall be noted
that further embodiments are conceivable that are partially
integrated and partially distributed. Hence, the proposed
system is scalable from an integrated to a distributed system
without leaving the scope of the present invention.

[0089] FIG. 5 shows as an example of HRV recordings of
ten individuals, in particular, the low frequency (LF, 0.041-
015 Hz) 70, the high frequency (HF, 015-0.8 Hz) 72 and the
total power (TP, 0-0.1 Hz) 74 component of the power
spectrum. Depicted is the correlation between the heart rate
variability and the estrogen (17p-oestradiol) levels of the
individuals. As indicated by the linear regression lines 76 an
increased estrogen level leads to an absolute rise in all HRV
components. This relation may be utilized as one indicator
to determine the likelihood of ovulation as described by the
various embodiments.
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[0090] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. 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 drawings, the disclosure, and
the appended claims.

[0091] 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. A single element or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0092] A computer program may be stored/distributed on
a suitable non-transitory medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0093] Any reference signs in the claims should not be
construed as limiting the scope.

1. System for unobtrusive ovulation tracking, comprising:

a sensor for obtaining a heart signal,

a processing unit configured to process the heart signal,

and

an evaluation unit configured to analyze the heart signal

to predict likelihood of ovulation,

wherein the processing unit is configured to extract heart

rate variability features from the heart signal, and
wherein the evaluation unit is further configured to
predict likelihood of ovulation based on the heart rate
variability features.

2. System according to claim 1, wherein the evaluation
unit comprises a phased locked loop which locks onto the
heart rate variability features to predict likelihood of ovu-
lation.

3. System according to claim 1, comprising an activity
determination unit configured to provide an activity indica-
tor indicative of a current activity level and/or a user’s
physical condition, in particular a circadian rhythm or phase
of the subject, wherein the evaluation unit is further con-
figured to predict the likelihood of ovulation based on said
activity indicator.

4. System according to claim 3, further comprising a
motion sensor configured to determine motion and/or ori-
entation data of the subject, wherein the activity determina-
tion unit is configured to provide the activity indicator based
on said motion and/or orientation data.

5. System according to claim 3, comprising an ambient
sensor configured to determine an ambient temperature
and/or ambient light levels, wherein the activity determina-
tion unit is configured to provide the activity indicator based
on said ambient temperature and/or ambient light levels.

6. System according to claim 3, further comprising a
calendar unit configured to track local date and time infor-
mation, wherein the activity determination unit is configured
to provide the activity indicator based on said local date and
time information.

7. System according to claim 1, comprising a data inte-
gration unit configured to integrate testing results from other
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fertility tracking devices, in particular luteinizing hormone
testing devices and/or basal body temperature thermometers,
wherein the evaluation unit is further configured to predict
the likelihood of ovulation based on the heart signal and/or
the testing results from other fertility tracking devices.

8. System according to claim 1, comprising a data storage
for archiving the heart signal, wherein the evaluation unit is
further configured to predict the likelihood of ovulation
based on a current and an archived heart signal.

9. System according to claim 1, comprising a communi-
cation unit for exchanging data with external sensors and/or
processing units and/or user input, wherein the evaluation
unit is further configured to predict the likelihood of ovu-
lation based on said data.

10. System according to claim 1, comprising a training
unit configured to adjust the evaluation unit based on
training data and/or individual user input.

11. System according to claim 1, wherein the sensor is an
optical heart rate sensor such as a photoplethysmography
sensot.
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12. System according to claim 1, wherein the sensor is a
body-worn sensor.

13. System according to claim 1, wherein the sensor is
detached from the subject, in particular a camera and/or a
biofeedback device.

14. Method for unobtrusive fertility tracking, comprising
the step of:

receiving a heart signal from a sensor,

processing the heart signal,

analyzing the heart signal to predict likelihood of ovula-

tion wherein the method further comprises the steps of?
extracting heart rate variability features from the heart
signal, and

predicting likelihood of ovulation based on the heart rate

variability features.

15. Computer program comprising program code means
for causing a processor to carry out the steps of the method
as claimed in claim 14 when said computer program is
carried out on the processor.
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