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ABSTRACT

There are described herein methods and apparatus for pro-
cessing a physical signal, in particular for processing data
obtained in relation to the physical characteristics of a user,
in particular a female user. One or more sensors can be used
to obtain the data, in particular indwelling thermometers,
aural thermometers, blood pressure and heart rate monitors.
There are also described herein methods and apparatus for
analysing and further processing the data to obtain and
provide health information in relation to the user, in par-
ticular in relation to the user’s fertility or state of ovulation.
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PROCESSING A PHYSICAL SIGNAL

[0001] It has long been known that parameters of physical
systems within the body vary with health conditions of a
human. For example, the temperature of a female varies as
hormone levels change throughout her menstrual cycle. It
has been appreciated that, in theory, many physical charac-
teristics can provide a useful indicator of the health condi-
tions, such as the fertility of the female. The basal body
temperature is the temperature of the body “at rest” and
reflects variations in the body temperature due to changing
hormone levels and other cyclical factors. The basal body
temperature can be most accurately measured while the user
is asleep or immediately upon waking, before there is
significant movement or activity by the user.

[0002] However, except under carefully-controlled condi-
tions, the changes in basal body temperature throughout a
cycle can still be quite small relative to the effects of noise
in the data.

[0003] The present application therefore seeks to provide
an improved body parameter sensing system and methods
for processing and analysing data obtained via such a system
in order to provide an improved analysis of factors relating
to the general health and/or fertility and/or obstetric health
of a user.

[0004] Development of an intra-vaginal temperature sen-
sor and methods of operation have enabled the frequent
collection of more accurate temperature data. The collection
and use of such data is discussed in International Patent
Publication No. W0O-A2-2008/029130, International Appli-
cation No. PCT/GB2014/051976, US Publication Nos.
2013/0296735 and 2013/0310704 and UK Patent Applica-
tion Nos. 1423092.4, 1423098.1 and 1423108.8 which are
incorporated by reference herein in their entirety. However,
significant amounts of noise are still seen within the data.
Such noise may occur due to factors such as variations in the
placement of the thermometer, variations in the health or
activity level of the female and external environmental
factors.

[0005] Noise in the data can make it difficult to see the
details of all of the temperature changes that arise during a
cycle. It can therefore be difficult to use this data to obtain
an accurate picture of the fertility level of the female user.
[0006] Furthermore, in many situations, it is known that
changes in an underlying condition are reflected in changes
in a corresponding physical parameter that correlates with
the underlying condition. Further, characteristic changes or
“signatures” within the data that relate to the parameter can
be indicative of particular states of the underlying condition.
For example, the amount of sunlight incident on a photo-
detector that is held in a fixed position throughout a day will
vary in a known way over the course of each day. In theory,
a measurement of the radiation incident on the photodetector
could provide an indication of the time of day at that
position.

[0007] However, in this situation, as in many other real-
world situations, noise within the data often masks both the
underlying trend and any characteristic changes or signa-
tures within the data. For example, weather systems and
their associated cloud cover will mask the underlying trend
of the change in incident radiation over the day. Those
weather systems may themselves generate characteristic
signatures due to varying cloud cover that could be picked
up in the pattern of the change of radiation incident on the
photodetector, but other noise that has no characteristic
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pattern can also make it very difficult to extract the relevant
information from the data. For example, varying pollution
levels and intermittent shade from objects such as litter,
vegetation and passing animals would introduce significant
noise into the data obtained from the photodetector and
mask both the underlying trend and other potential interest-
ing characteristic signatures.

[0008] The present system provides a method for measur-
ing a physical parameter and processing the data to detect
underlying patterns and trends even in the presence of noise.
[0009] One phenomenon that is known and well-docu-
mented is the change in the body temperature, in particular
the Basal Body Temperature (BBT) of a female throughout
her menstrual cycle. While it is well known that, on average,
the BBT of a female rises from a baseline level just prior to,
and during, an ovulation event, noise within temperature
readings taken from a particular female makes it very
difficult to use individual temperature readings to determine
where any particular female is within her cycle or to provide
other useful information that might be evident within the
underlying temperature data.

[0010] Factors that introduce noise into the temperature
data include, but are not limited to, changes in the activity
level of the female, changes in the ambient temperature,
diurnal temperature variations and temperature changes
caused by illness. Often these factors interact and mask the
smaller changes caused by changes in fertility levels so,
while changes in fertility are known to cause changes in
BBT, these changes cannot easily be seen within the tem-
perature data for a particular woman.

[0011] A number of methods have been proposed for
determining the level of fertility of a female. The present
system and methods do not seek to replace or prevent the use
of any such existing methods or to preclude other ways of
monitoring and using the trends seen in the data.

[0012] For example, in some systems, an oral or skin-
based temperature measurement taken once per day has been
used to track a user’s change in temperature throughout a
cycle and simple charting of the temperature changes, often
over many months, can provide a pattern indicative of
fertility levels. U.S. Pat. No. 4,475,158 to Elias, incorpo-
rated herein in its entirety, describes the use of a single daily
temperature reading in order to provide an indication of how
the temperature of a particular user varies over time and thus
identify when ovulation has occurred within a particular
cycle. U.S. Pat. No. 8,496,597, incorporated by reference
herein in its entirety, uses multiple daily temperature read-
ings taken using an intravaginal sensor to provide an accu-
rate daily representation of temperature and thus identify
temperature changes indicative or predictive of ovulation.
[0013] In an alternative approach, the levels of the Lutein-
ising hormone (LH) can be monitored to determine an
ovulation event or ovarian ultrasound can be performed to
detect the likely onset of ovulation. Therefore, a number of
methods are available for monitoring the fertility of a
female.

[0014] It is also known that changes in BBT closely track
changes in levels of progesterone at around the time of
ovulation. A rise in temperature just before ovulation occurs
together with a rise in progesterone levels, which is part of
the mechanism that triggers ovulation.

[0015] However, most previous techniques have been
more effective for women with relatively “normal” ovula-
tory cycles. For a woman with atypical cycles, a straight-
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forward charting of temperature data can be, at best, incon-
clusive and, at worst, misleading.

[0016] For women with unusual or irregular ovulatory
patterns, it can be very difficult to detect when ovulation has
occurred and even more difficult to predict ovulation in
advance.

[0017] Methods of charting ovulatory cycles are of limited
use, since there are significant and unpredictable differences
between cycles. Methods typically used with other women,
such as measuring the level of the Luteinising hormone each
day, can be misleading in women who have fertility prob-
lems, since such indicators may not follow a typical cycle.
One option may be to monitor a woman’s ovarian cycle
using ultrasound, but it is not practical to perform an
ultrasound scan every day of each cycle, and is particularly
difficult for women with irregular cycles.

[0018] One condition that can lead to irregular cycles is
PolyCystic Ovarian Syndrome, which can be accompanied
by PolyCystic Ovaries. In many such women, ovulation is
very irregular, with cycles of 30 days or more, not all of
which result in ovulation. In contrast, some women may
ovulate without menstruation. It is known that the tempera-
ture will change in a characteristic way across the cycle in
a woman who has a condition such as PCOS, but it has not
been to possible measure temperature accurately enough or
to analyse the data accurately enough to see the temperature
change across a cycle.

[0019] In summary, for women who have an unusual or
irregular ovulatory pattern, whether this is associated with a
medical condition or occurs for an unknown reason, it
requires significantly more than abstract knowledge of the
general phenomenon of temperature change over a cycle to
enable it to be applied in a practical way and to make the
data useful in the assessment of a woman’s ovulatory cycle.
In particular, developments in the processing of data
obtained from the female in the presence of significant noise
are required in order to extract the maximum amount of
information from the data.

[0020] The signal processing methods described herein
can have a real practical application in providing informa-
tion to assist women or their physicians in understanding the
reasons behind a particular pattern of temperature variation
in their monthly cycle and to recommend or provide inter-
ventions or advice where necessary.

[0021] There is described herein a signal processing sys-
tem for analysing a series of data values obtained from a
physical sensor arranged to give a digitised output indicative
of the basal body temperature (BBT) of a female human
user, wherein the digitised output has a resolution of at least
0.01° Celsius, the method for analysing being arranged to
identify at least one characteristic in a change in BBT for the
user, the system comprising:

[0022] areceiver for receiving a series of representative
temperature values comprising at least one representa-
tive temperature value for each of a plurality of at least
ten 24 hour periods, the at least one representative
temperature value being derived from a set of at least
10 stabilised readings of the temperature of the female
human user, wherein the readings are obtained at
intervals during an extended period of at least an hour;

[0023] amemory for storing the series of representative
temperature values, wherein the memory has a capacity
to store stabilised readings of the temperature for at
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least three extended periods and at least one represen-
tative temperature value for at least 10 extended peri-
ods;

[0024] a memory for storing a plurality of further pre-
determined criteria, wherein each criterion is indicative
of at least one physical state of the female human user;

[0025] a processor arranged to perform the steps of:

[0026] analysing the series of representative tempera-
ture values to determine whether the series includes a
temperature change event indicative or predictive of
ovulation;

[0027] generating an ovulation indicator based on the
analysis;

[0028] analysing the series of representative tempera-
ture values to identify a timing for a temperature
change event indicative or predictive of ovulation;

[0029] generating a timing indicator based on the analy-
sis;

[0030] further analysing the series of representative
temperature values to determine whether the series
meets at least one of the further predetermined criteria;

[0031] generating at least one further indicator based on
determining whether the series meets at least one of the
further predetermined criteria; and

[0032] processing the ovulation indicator, the timing
indicator and the at least one further indicator to
generate an output indicative of a physical state of the
female human user.

[0033] Therefore, the concept of the present system seeks
to recognise patterns in changes in a user’s BBT, in particu-
lar secondary characteristics that are ancillary to the well-
recognised primary patterns relating to ovulation, and to
apply information derived from these characteristics by
outputting information indicative of the user’s physical
state. To apply this concept in a meaningful way, however,
the inventors have appreciated that significantly more than
mere knowledge of the secondary characteristics is neces-
sary. In particular, the combination of the specific features
set out in the claim as a whole enables the system to obtain
data that is accurate enough to see any secondary charac-
teristics, and then process that data in a specific way to
enable a meaningful output indicative of a physical state of
the user to be obtained.

[0034] The features relating to further analysing the series
of representative temperature values are not steps that have
previously been applied to a temperature profile for a
particular user, since it has not previously been appreciated
that temperature data can be obtained with sufficient reso-
Iution for an individual user to identify the secondary
characteristics reliably.

[0035] However, it is clear that the claimed system and
method do not pre-empt other uses of knowledge relating to
how temperature varies throughout the menstrual cycle of a
female human user and do not tie up other uses of these
concepts. The skilled person will appreciate that the specific
temperature-gathering system and method described herein
is one of a large number of ways of obtaining temperature
data from a particular user. Further, specific application of
the concept is found in the two-stage analysis set out in the
claims, in which the data is analysed to determine whether
there has been an ovulation event in addition to further
analysing the data to determine whether secondary charac-
teristics are present. Still further specific application is found
in the use of predetermined criteria to identify characteristics
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within the data. In summary, the claimed method and system
provide a specific mechanism to extract interesting infor-
mation from the data.

[0036] In one embodiment, the output indicative of a
physical state comprises a suggestion of an action to be
taken by the user or a physician associated with the user.
This may be, for example, a recommendation of an action to
be taken or an intervention.

[0037] Optionally, the at least ten 24 hour periods com-
prise consecutive 24 hour periods. However, it is possible to
implement the present system using data obtained for a
number of periods that are not entirely consecutive, for
example a gap of a day may occur at one or more points
within the series of readings. Preferably, the series of read-
ings comprises more than 10 readings, preferably 15, and
further preferably all of the non-menstrual days within a
particular cycle.

[0038] Inone embodiment, the system further comprises a
processor arranged to generate an identifier of the female
human user, and a memory for storing the identifier of the
female human user together with the series of representative
temperature values. This can be particularly useful if the
data is being sent from the system to a central processing and
storage system, for example a computer operated by a
physician and gathering data from a number of users.
[0039] Preferably, the representative temperature values
within the series of representative temperature values are all
obtained within a single menstrual cycle for the female
human user.

[0040] Inone embodiment, the system further comprises a
processor arranged to analyse a plurality of series of repre-
sentative temperature values, wherein each series of repre-
sentative temperature values is obtained within a single
menstrual cycle for the female human user and wherein
analysing the plurality of series comprises analysing each
series of representative temperature values to determine
whether each series meets at least one of the further prede-
termined criteria and generating an output based on the
proportion or number of series of representative temperature
values that meet the at least one predetermined criteria.
[0041] In one embodiment, a number of series of repre-
sentative temperature values can be obtained for a number of
menstrual cycles of the user and a processor can be used to
determine whether the same criterion/criteria are met for the
user in more than one menstrual cycle.

[0042] Optionally, the output indicative of a physical state
of the female human user comprises a probability that the
series of representative temperature values meets at least one
of the predetermined criteria. This may be based, for
example, on a measure of to what extent the data meets or
exceeds the criterion.

[0043] Inone embodiment, the timing indicator comprises
the number of 24 hour periods between the start of a cycle
and the temperature change event indicative or predictive of
ovulation. Hence the system can determine the time between
the start of the menstrual cycle, which may be indicated
manually by the user if the temperature sensor is not used
during days of menses, and the suspected ovulation event.
[0044] In one embodiment, further analysing comprises
determining a cycle length based on the time between the
start of a first cycle and the start of the subsequent cycle for
the female human user, wherein the further criterion com-
prises the cycle length being greater than 30 days, preferably
greater than 35 days. A long cycle length can be indicative
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of problems such as PCO and PCOS and can also make it
difficult to determine a precise expected day of ovulation
using more traditional charting methods. Therefore, it can be
important to indicate a requirement for further monitoring or
investigation.

[0045] Optionally, the receiver is arranged to receive a
series of representative temperature values for at least two
cycles for the female human user and wherein further
analysing comprises determining whether the cycle length is
greater than 30 days, preferably greater than 35 days for at
least 2 consecutive cycles.

[0046] In one embodiment, the receiver is arranged to
receive a series of representative temperature values for at
least two cycles for the female human user and wherein
further analysing comprises determining that no temperature
change event indicative or predictive of ovulation occurs for
at least 2, preferably 3 consecutive cycles. This can provide
information to assist in determining oligovulation within the
user, which can be indicative of PCOS and PCO and indicate
a need for intervention and treatment.

[0047] In one embodiment, further analysing comprises
assessing the timing indicator to determine whether the
temperature change event indicative or predictive of ovula-
tion indicates that ovulation occurs more than 60%, prefer-
ably more than 65% of the way through the cycle. This can
provide an indication of late ovulation.

[0048] In a further embodiment, the receiver is arranged to
receive a series of representative temperature values extend-
ing over at least 180 days for the female human user and
wherein further analysing comprises determining that no
temperature change event indicative or predictive of ovula-
tion occurred within the 180 days. Preferably at least 150
temperature readings are received in respect of the 180 days.
Lack of an ovulation event over an extended period can be
indicative of anovulation.

[0049] In one embodiment, further analysing comprises
determining the time between a temperature change event
indicative or predictive of ovulation and the onset of men-
struation and wherein the further criterion comprises the
time being 10 days or fewer, preferably 9 days or fewer.
Such a cycle comprises a short luteal phase.

[0050] In a further embodiment, analysing comprises
determining a difference between the temperature at the start
of'the cycle and a baseline temperature for the female human
user and the criterion comprises determining whether the
temperature at the start of the cycle is significantly higher
than the baseline temperature. The baseline temperature can
be determined using data from a number of days prior to the
ovulation event in a preceding cycle, for example by taking
an average of temperature readings taken 6-10 days before
ovulation in the previous cycle. If the temperature of the user
does not fall back to the baseline level, or within 10% of the
baseline level, by the start of the next cycle, then this can be
indicative of high levels of progesterone in the follicular
phase.

[0051] In one embodiment, further analysing comprises
determining whether the temperature change event indica-
tive or predictive of ovulation is preceded by one or more
partial temperature change events.

[0052] In a further embodiment, analysing comprises
determining whether the series of representative temperature
values exhibits a rise in temperature of less than 0.1 degrees
Celsius each day over a period of three or more 24 hour
periods. Such a rise in temperature may be indicative of a



US 2019/0110692 Al

failed ovulation event and difficulties with ovulation. Such
an event may or may not be followed by an event indicative
or predictive of ovulation.

[0053] A further embodiment comprises analysing the
series of representative temperature values against a plural-
ity of the predetermined criteria and generating the further
indicator based on whether the series of representative
temperature values meets each of a plurality of the prede-
termined criteria. For example, the data may be analysed to
determine whether it meets each of the criteria described
above and the results output to a user or her physician to
determine whether a particular diagnosis can be made.
[0054] In one embodiment, the data can be analysed to
determine whether it meets a particular combination of
criteria. For example, an analysis of whether ovulation has
occurred late within the cycle can be accompanied by an
analysis of whether the luteal phase is short for the particular
user, since these criteria often occur together.

[0055] Alternatively, a decision as to whether the data is
analysed against further criteria can be made in response to
determining that the data meets a particular criterion. For
example, if a slow rise in temperature is detected, the system
may select to analyse the data to determine whether it
includes one or more “false starts” in ovulation events.
Further, some of the analysis (for example the analysis of
data over 180 days) may be performed only if no event
indicative or predictive of ovulation is seen in the initial
analysis of the data. Hence, in general, particular types of
processing may be conditional on the data meeting other
particular criteria.

[0056] A further aspect provides a method for analysing a
series of data values obtained from a physical sensor
arranged to give a digitised output indicative of the basal
body temperature (BBT) of a female human user, wherein
the digitised output has a resolution of at least 0.01° Celsius,
the method for analysing being arranged to identify at least
one characteristic in a change in BBT for the user, the
method comprising:

[0057] providing, for each of a plurality of at least ten
24 hour periods, at least one representative temperature
value, the at least one representative temperature value
being derived from a set of at least 10 stabilised
readings of the temperature of the female human user
wherein the readings are obtained at intervals during an
extended period of at least an hour and wherein the
representative temperature values form a series of
representative temperature values;

[0058] storing in a memory the series of representative
temperature values, wherein the memory has a capacity
to store stabilised readings of the temperature for at
least three extended periods and at least one represen-
tative temperature value for at least 10 extended peri-
ods;

[0059] analysing the series of representative tempera-
ture values to determine whether the series includes a
temperature change event indicative or predictive of
ovulation;

[0060] generating an ovulation indicator based on the
analysis;

[0061] analysing the series of representative tempera-
ture values to identify a timing for a temperature
change event indicative or predictive of ovulation;

[0062] generating a timing indicator based on the analy-
sis;
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[0063] storing in a memory a plurality of further pre-
determined criteria, wherein each criterion is indicative
of at least one physical state of the female human user;

[0064] further analysing the series of representative
temperature values to determine whether the series
meets at least one of the further predetermined criteria;

[0065] generating at least one further indicator based on
determining whether the series meets at least one of the
further predetermined criteria; and

[0066] processing the ovulation indicator, the timing
indicator and the at least one further indicator to
generate an output indicative of a physical state of the
female human user.

[0067] The method of the present aspect may be imple-
mented in conjunction with the preferred features of the
system aspect set out above. Computer programs, computer
program products or computer readable media comprising
instructions for implement any of the methods described
above may also be provided. Furthermore, PCT/GB2014/
051976, US-A1-2013/0296735 and US-A1-2013/0310704
describe methods of obtaining and analysing temperature
data from female human uses and, in particular, methods of
processing data to determine representative temperature
values for each of a plurality of extended periods and
analysing the representative temperature values to determine
temperature change events indicative or predictive of ovu-
lation. The systems and methods described therein may be
used in conjunction with the systems described in the
present application. All of the publications detailed above
are incorporated herein by reference in their entirety.
[0068] There is also described herein a system for provid-
ing an indication of a health condition for a user, the system
comprising:

[0069] a primary sensor for obtaining a primary mea-
sure of the physical status of the user;

[0070] a secondary sensor for obtaining a primary mea-
sure of the physical status of the user;

[0071] means for transmitting the primary measure of
the physical status of the user to a central processing
unit;

[0072] means for transmitting the secondary measure of
the physical status of the user to a central processing
unit;

[0073] a central processing unit for receiving and pro-

cessing the primary and secondary measures of the
physical status of the user;

[0074] wherein the central processing unit comprises a
processor arranged for:

[0075] analysing the primary measure of the physical
status of the user against a primary criterion to produce
a primary result;

[0076] analysing the secondary measure of the physical
status of the user against a secondary criterion to
produce a secondary result;

[0077] combining the primary and the secondary result
to provide an indication of a health condition for the
user.

[0078] In one embodiment, the primary and secondary
sensor are co-located in a single sensor device and wherein
the means for transmitting the primary and secondary mea-
sure comprises a single communications interface.

[0079] In one embodiment, the primary and secondary
sensors are selected from the group comprising: oral, skin,
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underarm, anal, vaginal, tympanic ear plug, tympanic head-
phone, ear clip, wrist worn sensor, subcutaneous.
[0080] In one embodiment, the primary and secondary
measures are selected from the group comprising: tempera-
ture, blood pressure, heart rate and heart rate variability,
VO2, Movement, ECG (electrocardiogram), EEG (electro-
encephalography), EMG (electromyography) pH, electrical
impedance.
[0081] In particular, an accurate temperature sensor as
described herein combined with one of the other sensors can
provide particularly useful information relating to the health
condition of a user.
[0082] Inone embodiment, the health condition comprises
at least one of: Advance Prediction of Ovulation in Realtime,
Detection of Ovulation, Detection of absence of ovulation,
Diagnosis of Ovulatory Disorders, PCOS, Amenorrhea,
Stimulated Cycle/Fertility Drug Treatment Management,
Timing of IUI or low stimulated or natural cycle IVF,
Menorrhagia, Peri-Menopause, Menopause Cycle Manage-
ment, Contraception, Detection of Pregnancy, Risk of Mis-
carriage, Risk of Pre-Eclampsia/Diagnosis of Pre-Eclamp-
sia, Obesity & Weight Loss, Sleep Apnoeca/Sleep Phases,
Disease Onset/Pyrexia/Early Disease Detection, Heart
Attack Risk/Onset of Heart Attack, Drug Side Effect Warn-
ing.
[0083] There is therefore described herein an improved
sensing system and associated methods. In particular, a
method corresponding to the system described above is also
provided. A computer program product, computer program
or computer readable medium is also provided for imple-
menting the system described above, in particular, a com-
puter program for implementing the method at the central
processing unit.
[0084] There is also described herein a temperature sens-
ing system for determining the temperature of a user, the
system comprising:
[0085] an aural temperature sensing device comprising:
[0086] an aural temperature sensor arranged to obtain a
first plurality of readings of a user’s temperature,
[0087] a memory for storing at least a subset of the first
plurality of readings;

[0088] a communications interface;
[0089] a secondary temperature sensing device com-
prising:

[0090] a temperature sensor arranged in or on the body
of the user to obtain a second plurality of readings of
the temperature of the user, wherein the temperature
sensor operates substantially simultaneously with the
aural temperature sensor;

[0091] a memory for storing a least a subset of the
second plurality of readings;

[0092] a communications interface;
0093] a central processing system comprising:
p g sy p g
[0094] a communications interface for receiving from

the aural temperature sensing device and the secondary
temperature sensing device the subsets of the first and
second plurality of readings;
[0095] aprocessor arranged to analyse the subsets of the
first and second plurality of readings.
[0096] Providing substantially-simultaneous temperature
readings from an aural temperature sensing device and a
secondary temperature sensing device can improve the accu-
racy of the temperature obtained from the user. In particular,
the secondary temperature sensor can be used to determine
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whether the aural temperature sensor is correctly placed
within the ear and enable the system to disregard tempera-
ture readings if the aural temperature sensor is not correctly
placed. The secondary temperature sensor can also assist in
determining whether changes in the temperature reading are
reflected across other parts of the user’s body or are due to
a local effect in the ear, which is likely to indicate a faulty
reading.

[0097] Optionally, the aural temperature sensor comprises
a tympanic temperature sensor.

[0098] Optionally, the secondary temperature sensor com-
prises a skin temperature sensor, an intravaginal temperature
sensor, a subcutaneous temperature sensor or an oral tem-
perature sensor

[0099] In one embodiment, analysing comprises correlat-
ing the temperature readings to match at least one tempera-
ture reading from the first plurality of temperature readings
with at least one temperature reading from the second
plurality of temperature readings. Correlating is preferably
based on the time at which the temperature readings were
taken, such that substantially simultaneous readings are
correlated with each other. As described in more detail
below, temperature readings may be taken periodically, for
example every 5 minutes, over an extended period, prefer-
ably of at least 4 hours. Therefore, correlated readings may
be those that are taken by the two sensors within 5 minutes
of each other.

[0100] Analysing may further comprise determining a
correlation factor between correlated temperature readings
of the first plurality of temperature readings and the second
plurality of temperature readings. As described in more
detail below, the absolute values of the temperature readings
taken in or on different parts of the user’s body are likely to
be quite different, particularly for temperature sensors with
an accuracy of 0.005 degC., which are preferably used in the
present method. However, the readings will correlate, and
the correlation will depend on the types of sensor being used
and will vary from user to user. Therefore, a correlation
factor must be calculated for each user once the temperature
sensors are in place.

[0101] In some embodiments, a correlation factor can be
calculated for each extended period, or each time a user
removes and replaces a temperature sensor, since the cor-
relation between the temperature sensors is likely to change
each time the sensor is placed in a slight different position
or configuration on the user.

[0102] Optionally, analysing comprises determining that
there is no temperature reading in the first plurality of
temperature readings that correlates with a temperature
reading in the second plurality of temperature readings; and
calculating a temperature reading to add to the first plurality
of temperature readings based on the temperature reading of
the second plurality of temperature readings.

[0103] Preferably, calculating a temperature reading is
based on the correlation factor.

[0104] Hence, the present system may be used to fill in
data points when temperature data has not been obtained
from one of the temperature sensors. For example, if the user
does not use the aural temperature sensor during a particular
extended period but instead takes one or a number of
temperature readings using a skin sensor or an oral tem-
perature sensor, the correlation factor can be used to deter-
mine the temperature that the aural temperature sensor
would have read if it had been in place. This calculated
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temperature reading can be added to the set of temperature
data obtained by the aural temperature sensor.

[0105] The skilled person will appreciated, as set out in
more detail below, that corresponding techniques may be
used for other pairs of temperature sensor types. For
example, the primary temperature sensor may be an intra-
vaginal temperature sensor and the secondary sensor may be
an aural, skin or oral temperature sensor.

[0106] Optionally, the subsets of the first and second
plurality of readings are each received periodically at the
central processing system. For example, the data may be
uploaded once every extended period, such as once per day,
or even less frequently, for example once per month.
[0107] In a preferred embodiment, the communications
interfaces each comprise a near-field-communications,
NFC, interface or a Bluetooth interface. Hence the elements
of the system can communicate wirelessly with each other.
[0108] Optionally, the aural temperature sensing device
and/or the secondary temperature sensing device further
comprise a processor arranged to filter the plurality of
readings of the temperature of the user to generate the subset
of the plurality of temperature readings. Hence some pro-
cessing of the data may be provided in the sensing devices
themselves.

[0109] There is also described herein a temperature sens-
ing system comprising:

[0110] a tympanic temperature sensor;

[0111] a processor arranged to:

[0112] obtain a temperature reading from the tym-
panic temperature sensor at regular intervals of 10
minutes or less over an extended period of at least 4
hours; and

[0113] filter the obtained temperature readings to
exclude faulty or irrelevant data;

[0114] a memory for storing the filtered data, the
memory having a capacity to store at least the tem-
perature readings obtained over the extended period;

[0115] a communications interface for uploading fil-
tered data periodically to an external device; and

[0116] means for retaining the temperature sensor adja-
cent to the ear of a user during the extended period.

[0117] A tympanic temperature sensor may provide an
accurate, yet convenient way to monitor the temperature of
a user regularly over extended periods.

[0118] In one embodiment, the system further comprises
an external microphone for detecting sounds incident on the
external surface of the temperature sensing system and a
speaker for generating in the ear of the user sounds corre-
sponding to the incident sounds. This may enable the
system, which may take the form of an earphone or a
headphone, to be audio transparent, which increases the
number of situations in which the user can wear the device.
An internal microphone may also be provided for detecting
speech of the user.

[0119] Preferably, the system further includes a user inter-
face for receiving commands from the user to control the
operation of the temperature sensing system. The user
interface may be voice or touch activated.

[0120] Inone embodiment, the system further comprises a
speaker for generating in the ear of the user sounds relating
to the operation of the temperature sensing system. For
example, the device may be set to create a sound when a
temperature monitoring period starts or each time a tem-
perature reading is obtained.
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[0121] There is also described herein a method of deter-
mining a temperature reading for a user comprising:

[0122] obtaining a first plurality of temperature read-
ings from the user using a temperature sensor of a first
type;

[0123] substantially simultaneously obtaining a second

plurality of temperature readings from the user using a
temperature sensor of a second type;

[0124] correlating the first plurality of temperature
readings and the second plurality of temperature read-
ings to determine temperature readings in the first and
second plurality that substantially correspond in time;

[0125] determining a calibration factor between the first
plurality and the second plurality of temperature read-
ings;

[0126] obtaining at least one further temperature read-

ing from the temperature sensor of the first type; and
[0127] applying the calibration factor to the at least one
further temperature reading to calculate an expected
value of the at least one further temperature reading, the
expected value comprising the value that the tempera-
ture reading would be expected to be if it had been
taken using the temperature sensor of the second type.
[0128] As described above, determining a calibration fac-
tor between first and second temperature sensor types can
enable data to be generated for a first sensor type based on
the data obtained from the second sensor, even if the first
sensor is not operating. In particular, the method can enable
temperature data from a less accurate sensor to be used to fill
in data that is not available from a more accurate sensor,
which at least provides some indication of the temperature
value that the more accurate sensor would have read if it had
been operating or in place.
[0129] In one embodiment, the temperature sensor of the
first type comprises a skin-based temperature sensor or an
oral temperature sensor.
[0130] In one embodiment, the temperature sensor of the
second type comprises an aural temperature sensor or an
intravaginal temperature sensor.
[0131] The calibration factor may be linear with the abso-
lute value of temperature. Alternatively the calibration factor
is a constant. The calibration factor, and its form, may vary
over different parts of the temperature range and may vary
depending on the types of the two temperature sensors.
[0132] Preferably, the method further comprises repeating
the correlation for first and second pluralities of temperature
readings obtained over multiple extended periods. This may
enable a more accurate correlation to be determined.
[0133] There is also described herein a method of deter-
mining a representative temperature value for a user com-
prising:

[0134] obtaining a plurality of temperature readings for
the user;
[0135] obtaining substantially simultaneously a plural-

ity of movement indicators for the user;

[0136] correlating the plurality of temperature readings
with the plurality of movement indicators based on the
time at which the readings were obtained;

[0137] analysing the movement indicators to determine
whether the value of any movement indicator is greater
than a threshold value;

[0138] disregarding any temperature reading correlated
with a movement indicator that is greater than a thresh-
old value; and
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[0139] determining a representative temperature value
for the user based on the non-disregarded temperature
readings.

[0140] The method may enable the system to use only the
temperature values that are likely to be the most represen-
tative of the resting temperature of the user in the determi-
nation of a representative temperature value for the user.
[0141] Optionally, the movement indicators comprise a
measurement of the heart rate of the user or a accelerometer
reading from an accelerometer associated with the user.
[0142] Preferably, any of the temperature sensors
described herein can be selected from the list comprising:
oral, skin, underarm, anal, vaginal, tympanic ear plug,
tympanic headphone, ear clip, wrist worn sensor, subcuta-
neous.

[0143] In one embodiment, an ear plug/headphone sensor
may be implemented in conjunction with a microphone to
pass sound through the device to the user’s ear.

[0144] Parameters that can be measured using the sensors
include the following: temperature, blood pressure, heart
rate and heart rate variability, VO2, Movement, ECG (elec-
trocardiogram), EEG (electroencephalography), EMG (elec-
tromyography), pH (in particular by adaptation of the vagi-
nal sensor), electrical impedance (in particular by adaptation
of the vaginal sensor).

[0145] The temperature sensing devices and methods
described above may be used to monitor the cycle of a
female human user, and particularly to provide information
relevant to the fertility of the user, including information
relating to ovulatory disorders. However, they may also be
used for other fitness and health-related purposes. These
may include one or more of:

[0146] Monitoring the onset of the menopause, or peri-
menopause

[0147] Monitoring the onset of diseases, for example in
children or adults in at risk groups

[0148] PCOS, Amenorrhea, Stimulated cycle/Fertility
Drug Treatment Management

[0149] Detection of Diminished Ovarian Reserve or
risk of Diminished Ovarian Reserve (DOR)

[0150] Timing of IUT or low stimulated or natural cycle
IVF

[0151] Menorrhagia, Peri-Menopause, Menopause
Cycle Management

[0152] Contraception

[0153] Detection of Pregnancy

[0154] Risk of Miscarriage/Diagnosis of imminent Mis-
carriage

[0155] Risk of Pre-Eclampsia/Diagnosis of Pre-Ec-
lampsia

[0156] Risk of Diabetes Mellitus

[0157] Risk of Insulin Resistance

[0158] Obesity & Weight Loss, for example to provide
a more accurate determination of calories lost during
activity

[0159] Sleep Apnoea/Sleep Phases

[0160] Disease Onset/Pyrexia/Early Disease Detection
(e.g. Ebola, SARS, avian flu, cancer)

[0161] Heart Attack Risk/Onset of Heart Attack
[0162] Drug Side Effect Warning
[0163] The Detection of acute infection, for example

the detection of the onset of Sepsis or post-operative
Sepsis Providing an early alert relating to heat exhaus-
tion
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[0164] Sleep Disorders—providing a picture of the
user’s sleep and circadian rhythm

[0165] Cancer Chemotherapy Treatment—circadian
timing of anti-cancer medications and treatment

[0166] The methods and systems described herein may be
implemented in conjunction with the systems and methods
described aboveor any of the methods or apparatus
described below.

[0167] There is described herein a method of determining
at least one representative temperature value for a female
human user for an extended period, the method comprising:

[0168] receiving at least a first, a second and a third
plurality of temperature measurements obtained from a
female human user during at least first, second and third
respective extended periods, wherein each extended
period comprises at least one hour and wherein the start
of each extended period is separated by at least 8 hours;

[0169] calculating at least one representative tempera-
ture value for the second extended period, wherein the
representative temperature value is calculated using:

[0170] atleast one first temperature value obtained from
a plurality of measurements taken during the first
extended period;

[0171] at least one second temperature value obtained
from a plurality of measurements taken during the
second extended period; and

[0172] at least one third temperature value obtained
from a plurality of measurements taken during the third
extended period.

[0173] The use of data from preceding and following
extended periods to determine a representative temperature
value for a particular extended period can increase the
accuracy of the representative temperature value. It may be
counter-intuitive to use data from outside the extended
period if the aim is to obtain a representative temperature
value for the user within a particular extended period.
However, it has been found that data obtained across several
days can be particularly useful to stabilise temperature
readings across extended periods.

[0174] Optionally, each extended period comprises at least
two time windows and a representative temperature value is
calculated for each time window.

[0175] In some embodiments, the representative tempera-
ture value for the second extended period is based on at least
two temperature values obtained from temperature measure-
ments taken during the first extended period and at least one
temperature value obtained from temperature measurements
taken during the third extended period.

[0176] Optionally, a second representative temperature
value for the second extended period is based on at least one
temperature value obtained from temperature measurements
taken during the first extended period and on at least two
temperature values obtained from temperature measure-
ments taken during the third extended period.

[0177] Inone embodiment, the representative temperature
value for the second extended period comprises an average
of the at least one first, at least one second and at least one
third temperature values. The average may be weighted
based on the number of measurements taken during the
respective first, second and third extended periods, or during
time windows specified within those extended periods.
[0178] In one embodiment, the at least one first, second
and third values comprise average temperature values for the
first, second and third extended periods respectively.
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[0179] Optionally, each extended period is divided into a
plurality of time windows and wherein a representative
temperature value is obtained for each time window of each
extended period.

[0180] Optionally, each extended period is divided into a
plurality of time windows and wherein the at least one first
temperature value, at least one second temperature value and
at least one third temperature value comprise readings
obtained in corresponding time windows in the respective
first, second and third extended periods.

[0181] The method may further comprise weighting the
calculation of the representative temperature value based on
the number of readings in the first, second and third time
windows of the respective extended periods.

[0182] The method may further include calculating the at
least one representative temperature value for the second
extended period using a temperature value obtained for at
least one extended period prior to the first extended period.
[0183] Optionally, the method further includes calculating
the at least one representative temperature value for the
second extended period using a temperature value obtained
for at least one extended period subsequent to the third
extended period.

[0184] The method may also include filtering the tempera-
ture data to disregard faulty or irrelevant data and/or cor-
recting at least one non-disregarded temperature reading for
diurnal temperature variation.

[0185] Optionally, the method may further include filter-
ing the temperature measurements prior to calculating the
representative temperature values, wherein filtering com-
prises removing faulty or irrelevant measurements, prefer-
ably wherein filtering further comprises removing the maxi-
mum and minimum temperature measurements from the
measurements obtained during the extended period.

[0186] Optionally, the method further includes calculating
at least one representative temperature value for each at least
three, preferably at least five, extended periods, optionally,
analysing the representative temperature values to identify
an indication of a temperature change event for the female
human user and further optionally, providing to the user an
indication of timing of an ovulation event based on the
identification of the indication of a temperature change
event.

[0187] There is also described herein a method of identi-
fying a temperature change event for a female human user,
the method comprising:

[0188] receiving temperature data for the female human
user for a plurality of extended periods, each extended
period comprising at least 6 hours, the beginning of one
extended period being separated from the beginning of
a subsequent and a preceding extended period by at
least 18 hours;

[0189] determining at least one representative tempera-
ture value for each extended period based on at least the
received temperature data for that extended period;

[0190] assessing a plurality of consecutive representa-
tive temperature values using a first method to deter-
mine whether a temperature change event occurred 4 or
more days prior to the extended period;

[0191] assessing a plurality of consecutive representa-
tive temperature values using a second method, differ-
ent from the first method, to determine whether a
temperature change event occurred fewer than 4 days
prior to the extended period.

Apr. 18,2019

[0192] Ithas been appreciated that data can be assessed by
applying different algorithms or techniques to determine
whether a temperature change event occurred at different
times preceding the current extended period. That is, a first
technique or method may more accurately determine
whether a temperature change event occurred within the
preceding 4 days, whereas a second technique or method
may be more useful in determining whether a temperature
change event occurred more than 4 days ago. By applying
both techniques to the same data, the method can detect
whether the data indicates a temperature change event fewer
than or more than 4 days ago.

[0193] The first method can be used to give a more precise
retrospective indication of whether a temperature change
event occurred in the data more than 4 days ago. This can be
helpful since the second method, which aims to give an
earlier, but probably less certain, indication of a temperature
change event may miss the temperature change event in the
data. Providing a first, more accurate method can indicate to
the user the existence of a temperature change event, and so
an ovulation event. Even if this indication comes too late in
the present cycle to predict ovulation in that cycle, an
indication of an ovulation event having taken place can
enable the user to desist from taking any further temperature
readings in the current cycle, until after they have next
menstruated. A retrospective determination of a temperature
change event, and so ovulation event, can also be useful
information for a user or their medical care worker, for
example in confirming that the user is ovulating, in charting
the ovulation dates of the user, and to some extent, in
providing an indication of when a user might next ovulate.
Such information may also be fed back into the assessment
method to determine the next ovulation date of the user.
[0194] Examples of first and second methods that can be
used for assessing the representative temperature values are
set out in more detail herein, in particular in the following
aspects. Steps and features of those aspects may be imple-
mented in conjunction with the present aspect in order to
identify a temperature change event.

[0195] Optionally, the first method comprises determining
whether the change in representative temperature value from
at least one reference value, preferably a plurality of refer-
ence values is greater than a predetermined threshold.
[0196] The reference value may be derived from at least
one representative temperature value obtained for the user
four or more extended periods previously.

[0197] Optionally, the first method includes determining
whether consecutive representative temperature values dif-
fer by greater than a predetermined threshold value for a
plurality of consecutive representative temperature values.
[0198] The second method may also include assessing the
change in the representative temperature values over time
against a plurality of criteria.

[0199] Optionally, assessing comprises allocating a score
to each criterion that is met.

[0200] The method optionally further includes determin-
ing a cumulative score and making an assessment of whether
a temperature change event occurred fewer than 4 days prior
to the extended period based on whether the total score is
greater than a predetermined value.

[0201] Optionally, the method also includes determining
whether a temperature change event occurred further com-
prises providing information to the user derived from the
determination of the temperature change event. Preferably,
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the information provided to the user comprises an indication
that the user has ovulated or is about to ovulate, preferably
further comprising an indication of the date of ovulation of
the user.

[0202] The method may further include providing an
indication to the user that they should desist from obtaining
further temperature data within the current menstrual cycle.

[0203] According to a further aspect, there is provided a
method of identifying a temperature change event for a
female human user, the method comprising: receiving tem-
perature data for the female human user for a plurality of
extended periods, each extended period comprising at least
6 hours, the beginning of one extended period being sepa-
rated from the beginning of a subsequent and a preceding
extended period by at least 18 hours;

[0204] dividing the temperature data received for each
extended period into at least two time windows;

[0205] determining a representative temperature value
for each time window based on at least the received
temperature data for that time window;

[0206] assessing a change in the representative tem-
perature value associated with the first time window;

[0207] determining whether a temperature change event
occurred in any of at least two preceding extended
periods based on the change in the representative
temperature value;

[0208] assessing a change in the representative tem-
perature value associated with the second time window;

[0209] determining whether a temperature change event
occurred in any of at least two preceding extended
periods based on the change in the representative
temperature value.

[0210] Hence the data is assessed each time a new repre-
sentative temperature value is determined for a new time
window of an extended period. This can enable a tempera-
ture change event to be detected as soon as sufficient data is
available, even if this is within a single night’s data. Further,
the temperature change event may be detected at any time
during the cycle and not just at times when it might be
expected, for example as determined by charting or by
calculating a number of days from the beginning of the
cycle.

[0211] Optionally, the change in the representative tem-
perature value associated with the second time window is
determined in part using the representative temperature
value associated with the first time window.

[0212] Optionally, the representative temperature value
for each time window is determined in part using tempera-
ture data obtained in both time windows.

[0213] In one embodiment, determining whether a tem-
perature change event occurred in any of at least two
preceding extended periods comprises determining whether
a temperature change event occurred during an extended
period 4 or more days prior to the extended period and
determining whether a temperature change event occurred
during an extended period fewer than 4 days prior to the
extended period.

[0214] In one embodiment, assessing the variation in the
representative temperature value associated with the first or
second time window comprises calculating the change in
representative temperature value from a previously-deter-
mined representative temperature value.
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[0215] Optionally, determining whether a temperature
change event occurred further comprises providing infor-
mation to the user derived from the determination of the
temperature change event.

[0216] According to a further aspect, there is provided a
method of identifying a temperature change event for a
female human user, the method comprising: receiving tem-
perature data for the female human user for at least four
extended periods prior to a latest extended period;

[0217] determining at least one representative tempera-
ture value for each extended period based on at least the
received temperature data for that extended period;

[0218] determining a reference temperature value based
on at least the first representative temperature value;

[0219] assessing the representative temperature values
using a first assessment method to determine whether a
temperature change event occurred 4 or more days
prior to the latest extended period;

[0220] assessing the representative temperature values
using a second assessment method to determine
whether a temperature change event occurred 4 or more
days prior to the latest extended period;

[0221] wherein the first assessment method comprises
determining whether each of the representative tem-
perature values is greater than the preceding represen-
tative temperature value by more than a threshold
amount;

[0222] wherein the second assessment method com-
prises determining whether each of the representative
temperature values exceeds the reference temperature
value by a variable threshold, the variable threshold
being determined based on the number of extended
periods between the extended period at which the
reference temperature value was calculated and the
extended period for the respective representative tem-
perature value the method further comprising combin-
ing the outcome of the first assessment method and the
outcome of the second assessment method to determine
whether a temperature change event has occurred.

[0223] The use of multiple methods to determine whether
a temperature change event has occurred at a particular time
can provide a more definite assessment of whether the
temperature change event can be seen in the data, providing
greater certainty to users.

[0224] A temperature change event can typically be deter-
mined to have occurred if the representative temperature
value of the user has changed by more than 0.2 degC.,
typically between 0.2 degC. and 0.5 degC., and preferably at
least 0.3 degC. from a reference or baseline level. Such a
change would typically occur within the 2-3 days leading up
to ovulation.

[0225] In one embodiment, combining comprises making
a determination that a temperature change event has
occurred only if both the first assessment method and the
second assessment method result in a determination that a
temperature change event has occurred.

[0226] Optionally, the threshold amount is a constant
value.
[0227] In one embodiment, the value of the variable

threshold increases with the time between the extended
period and the extended period at which the reference
temperature value was calculated.
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[0228] Optionally, determining whether a temperature
change event has occurred further comprises providing
information to the user derived from the determination of the
temperature change event.

[0229] Optionally, the extended periods comprise con-
secutive extended periods.

[0230] There is also described herein a method of identi-
fying a temperature change event for a female human user,
the method comprising:

[0231] receiving temperature data for the female human
user for at least four separate extended periods prior to
a latest extended period;

[0232] determining a plurality of representative tem-
perature values for each extended period based on at
least the received temperature data for that extended
period;

[0233] assessing the representative temperature values
against a plurality of temperature change event criteria;

[0234] allocating a score for each criterion that is met;

[0235] combining the allocated scores from each crite-
rion; and

[0236] determining whether a temperature change event

has occurred based on the combined allocated scores.
[0237] The claimed method of analysing data to determine
whether a temperature change event has occurred can enable
the system to detect a temperature change event earlier
(based on data from fewer days) and/or with a greater degree
of certainty.
[0238] In particular embodiments, the criteria include a
plurality of:

[0239] whether the representative temperature values
have risen by a variable threshold amount above a
reference representative temperature value, wherein the
variable threshold amount differs based on the number
of extended periods since the reference representative
temperature value was determined;

[0240] whether the representative temperature values
have risen by a threshold amount during each of the
extended periods;

[0241] the number of extended periods since the start of
the menstrual cycle for the female human user;

[0242] the number of extended periods since the last
temperature change event for the female human user;

[0243] the maximum temperature value of the tempera-
ture data during the extended periods;

[0244] the minimum temperature value of the tempera-
ture data during the extended periods;

[0245] the rate of change of the temperature during an
extended period;

[0246] the rate of change of the temperature between
extended periods;

[0247] a measure of the similarity with the temperature
profile of the female human user during a previous
ovulatory cycle;

[0248] a measure of the similarity with an average or
typical temperature profile for a plurality of female
human users during previous ovulatory cycles;

[0249] the degree to which the rise in temperature
values
[0250] secondary data detected in relation to the female

human user, for example a change in the level of at least
one hormone or a change in temperature determined by
a secondary temperature sensor; and
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[0251] secondary data received from the female human
user, for example a qualitative or quantitative measure
of cervical mucus, a level of a hormone, a temperature
value obtained from a secondary, external temperature
sensor.

[0252] Optionally, the allocated score depends on the
degree to which the representative temperature values meet
or exceed the criterion.

[0253] Optionally, the scores allocated for each criterion
differ between criteria. In particular, the more indicative of
ovulation a criterion is considered to be, the higher a score
may be allocated.

[0254] In some embodiments, the allocated score is based
on a calculated probability that the representative tempera-
ture values meet or exceed the criterion.

[0255] The method may further comprise providing fur-
ther information predicting the timing of a further tempera-
ture change event or an ovulation event based on the timing
of the determined temperature change event.

[0256] Optionally, the further information comprises the
estimated timing of a future period of fertility for the female
human user

[0257] There is also described herein a method of analy-
sing data to provide an indication of the timing of a
temperature change event during an ovulatory cycle of a
female human user, the ovulatory cycle being divided into a
plurality of extended periods during which temperature data
is collected from the female human user, the method com-
prising:

[0258] receiving a plurality of representative tempera-
ture values for each extended period, wherein the
representative temperature values are determined based
on the temperature data collected during each extended
period;

[0259] receiving a plurality of sets of representative
temperature values for a plurality of extended periods
in previous ovulatory cycles of the female human user;

[0260] analysing the plurality of representative tem-
perature values against the plurality of sets of repre-
sentative temperature values to determine whether a
pattern in the representative temperature values is pre-
dictive or indicative of a temperature change event
occurring for the female human user.

[0261] Hence pattern matching techniques can enable a
temperature change event to be detected earlier in the cycle,
based on the pattern typically seen in the cycle of a particular
female. They can also add greater certainty to an assessment
that a temperature change event has occurred in a particular
cycle if the pattern of the data matches that of data collected
in previous cycles.

[0262] Optionally, analysing the plurality of representa-
tive temperature values comprises determining whether the
gradient of a change in the representative temperature values
corresponds to the gradient of a change in the representative
temperatures values during each of a plurality of previous
cycles.

[0263] In one embodiment, corresponding comprises
matching the gradient of the change to within a predeter-
mined threshold.

[0264] In one embodiment, analysing the plurality of
representative temperature values comprises determining
whether an observed dip and subsequent rise in the repre-
sentative temperature values over at least two extended
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periods corresponds to an observed dip and subsequent rise
in the representative temperature values during a plurality of
previous cycles.

[0265] Optionally, the plurality of extended periods in
previous ovulatory cycles comprise extended periods in at
least 3, preferably at least 6 previous ovulatory cycles.
[0266] The method may further comprise calculating
based on the analysis an expected extended period during
which the temperature change event is expected to occur in
the present cycle.

[0267] Optionally, the method further comprises calculat-
ing a probability of a temperature change event falling
within a particular extended period.

[0268] The method may further comprise determining
whether the particular extended period falls within the
expected extended time period; calculating an adjusted
probability that the non-disregarded temperature readings
encompass a temperature change event based on the deter-
mination; and providing information to the female human
based on the adjusted probability.

[0269] Optionally, each extended period comprises two
representative temperature values.

[0270] Systems and apparatus corresponding to each of
the methods set out above are also described. Methods and
embodiments of the system may be implemented in com-
bination with each other in particular implementations and
preferred features of one may be applied to others.

[0271] Inparticular, there is described herein apparatus for
analysing temperature data from a female human user, the
apparatus comprising:

[0272] means for receiving temperature data obtained
from the female human user using a temperature sen-
sor;

[0273] a memory for storing the received temperature
data;

[0274] a processor for retrieving the stored temperature

data from the memory and for implementing the
method of any of the preceding aspects or any of the
preferable features set out in the dependent claims;

[0275] an interface for outputting to an indication
means an indication based on a result generated by the
processor.

[0276] There is also described herein a temperature sens-
ing system comprising:

[0277] atemperature sensor for deployment in or on the
body of a female human user for obtaining a plurality
of temperature readings from the female human user;

[0278] a memory for storing each of the plurality of
temperature readings;

[0279] a processor for digitising each of the plurality of
temperature readings;

[0280] a power supply; and

[0281] a communications interface for communicating
the plurality of digitised temperature readings to a
central server.

[0282] Optionally, the communications interface com-
prises a first communications interface connected to the
temperature sensor for communicating the plurality of digi-
tised temperature readings to an intermediate device and a
second communications interface at the intermediate device
for communicating the plurality of digitised temperature
readings to the central server.

[0283] The system may further comprise an intermediate
device in communication with the temperature sensor and
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the central server, the intermediate device comprising an
intermediate device memory for storing a plurality of pro-
cessed temperature readings for communication to the cen-
tral server.

[0284] Optionally, the processor is implemented at the
intermediate device.

[0285] In one embodiment, the intermediate device
memory is arranged to store the plurality of temperature
readings received from the temperature sensor and the
plurality of digitised temperature readings.

[0286] In one embodiment, the memory is arranged to
cache a plurality of temperature readings and to upload the
cached temperature readings periodically to the intermediate
device or central server.

[0287] Optionally, the temperature sensor has a resolution
of at least 0.03 degC., preferably at least 0.01 degC. Option-
ally, the temperature sensor has a linear response at tem-
peratures of greater than 36 degC. and less than 38 degC.,
preferably at temperatures of greater than 35 degC. and less
than 40 degC.

[0288] There is also described herein a method of analy-
sing data to provide an indication of the timing of a
temperature change event during an ovulatory cycle of a
female human user, the method comprising:

[0289] receiving a first plurality of at least 10 tempera-
ture readings obtained from a female human user, the
temperature readings being obtained from the user
during a first extended period;

[0290] receiving a second plurality of at least 10 tem-
perature readings obtained from a female human user,
the temperature readings being obtained from the user
during a second extended period;

[0291] wherein each extended period comprises a
period of at least 2 hours and less than 14 hours and
wherein each extended period is separated from any
preceding or subsequent extended period by at least 4
hours, preferably by at least 12 hours;

[0292] making a determination that the first plurality of
temperature readings encompasses a temperature
change event comprising a change in phase from a
neutral or negative temperature change to a positive
change in the value of the temperature readings during
the first extended period, wherein the determination of
the positive change is made only if there is a sustained
discernable increase in the value of the temperature
readings within the extended period;

[0293] storing an indication that a temperature change
event has occurred in the first extended period;

[0294] analysing the second plurality of temperature
readings to determine whether the second plurality of
temperature readings exhibit an increase in the value of
the temperature at greater than a predetermined rate;

[0295] outputting an indication based on the timing of
the temperature change event determined in the first
extended period if the temperature readings of the
second extended period exhibit an increase in the value
of the temperature at greater than a predetermined rate.

[0296] Hence there is described a method of determining
whether a temperature change event detected in a first
extended period is sustained within a second, subsequent
extended period and therefore whether the original tempera-
ture change event was a true temperature change event for
the user, upon which the rise in progesterone within the user



US 2019/0110692 Al

can be determined and hence indications of the fertility
status of the user can be based.

[0297] There is also described herein a method of analy-
sing data to provide an indication of the timing of a
temperature change event during an ovulatory cycle of a
female human user, the method comprising:

[0298] receiving a plurality of at least 10 temperature
readings obtained from the female human user during
an extended period of at least 2 hours and less than 14
hours when the user is expected to be at rest or asleep;

[0299] filtering the plurality of temperature readings to
disregard faulty or irrelevant data;

[0300] determining a probability that the non-disre-
garded temperature readings encompass a temperature
change event, based on matching a pattern in the
non-disregarded temperature readings to an expected
pattern for a temperature change event.

[0301] The method may provide a method for determining
within the data of a single extended period whether a
temperature change event has occurred for a user.

[0302] There is also described herein a method of deter-
mining at least one representative temperature value for a
female human user, the method comprising:

[0303] receiving at least a first, a second and a third
plurality of temperature measurements obtained from a
female human user during at least first, second and third
respective extended periods, wherein each extended
period comprises at least one hour and wherein the start
of'each extended period is separated by at least 4 hours;

[0304] calculating at least one representative tempera-
ture value for the second extended period, wherein the
representative temperature value is calculated using:

[0305] atleast one first temperature value obtained from
a plurality of measurements taken during the first
extended period;

[0306] at least one second temperature value obtained
from a plurality of measurements taken during the
second extended period; and

[0307] at least one third temperature value obtained
from a plurality of measurements taken during the third
extended period.

[0308] Hence a method of determining a more accurate
representation of the temperature value for a user during a
particular extended period may be provided.

[0309] There is also described herein a method of analy-
sing data to provide an indication of the timing of a
temperature change event during an ovulatory cycle of a
female human user, the method comprising:

[0310] receiving a plurality of temperature readings
obtained from the female human user during an
extended period when the user is expected to be at rest
or asleep;

[0311] filtering the plurality of temperature readings to
disregard faulty or irrelevant data;

[0312] determining a probability that the non-disre-
garded temperature readings encompass a temperature
change event, based on matching a pattern in the
non-disregarded temperature readings to an expected
pattern for a temperature change event;

[0313] retrieving data derived from temperature read-
ings obtained from the user in at least six extended
periods during a previous ovulatory cycle;
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[0314] calculating based on the retrieved data a time
period during which the temperature change event is
expected to occur in the present cycle;

[0315] determining whether the extended period falls
within the calculated time period;

[0316] calculating an adjusted probability that the non-
disregarded temperature readings encompass a tem-
perature change event based on the determination;

[0317] providing first information to the female human
based on the adjusted probability.

[0318] The use of pattern matching techniques to deter-
mine the probability of a temperature change event in an
extended period together with the use of historic data from
previous cycles to increase the accuracy and certainty of any
predictions can provide a useful technique for identifying
temperature change events in the user with a minimum of
data. This can enable faster determination of the timing of a
temperature change event while still providing acceptable
accuracy for the user.
[0319] Optionally, the method further comprises deter-
mining a plurality of representative temperature values for
the extended period from the non-disregarded temperature
readings. The use of representative temperature values as
described herein may provide a more accurate representation
of the basal body temperature of the user. The representative
temperature value may be obtained, as described herein, by
calculating an average value, for example using a trimmed
mean, mean, median, or modal value or by selecting one or
more values from the raw data, for example selecting a value
obtained at a particular time, e.g. 1 am, or within a particular
time window.
[0320] The method may further include allocating the
plurality of non-disregarded temperature readings from each
extended period into a plurality of time windows for each
extended period, wherein each extended period comprises at
least two time windows. The method may further comprise
determining at least one representative temperature value for
each time window of the extended period.
[0321] Optionally, the method further comprises receiving
temperature readings obtained during a plurality of extended
periods within the same ovulatory cycle for the female
human user. The method may then include using tempera-
ture readings from at least one previous extended period in
the determination of the probability that the non-disregarded
temperature readings encompass a temperature change
event.
[0322] Optionally, the retrieved data is based on extended
periods occurring during a plurality of previous ovulatory
cycles.
[0323] Optionally, matching a pattern in the non-disre-
garded temperature readings comprises determining whether
a gradient of an increase in the temperature readings is
greater than an expected value over a predetermined period
of time.
[0324] Matching a pattern in the non-disregarded tempera-
ture readings may alternatively or additionally comprise
identifying a decrease in the temperature followed by an
increase in the temperature readings having a gradient
greater than an expected value over a predetermined period
of time.
[0325] The predetermined period of time is optionally
shorter than the length of an extended period. Hence changes
in temperature are monitored within an extended period.
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[0326] In one embodiment, an extended period comprises
a single continuous period.

[0327] Inone embodiment, a 12 hour period comprises not
more than one extended period.

[0328] Optionally, the temperature readings are obtained
using an indwelling thermometer. Optionally, the tempera-
ture readings are obtained using a thermometer that is in
substantially continuous contact with the female human user
throughout the extended period. Optionally, the temperature
readings are obtained using an intravaginal thermometer.
[0329] The method may further include correcting at least
one non-disregarded temperature reading for diurnal tem-
perature variation. This may enable a more accurate com-
parison of temperature data obtained at different times, in
particular of data obtained before and after about 2am.
[0330] The first information may comprise an indication
of the timing of an ovulation event for the female human.
[0331] The method may further include providing further
information predicting the timing of a further temperature
change event or a further ovulation event based on the
timing of the determined temperature change event.

[0332] The further information may comprise the esti-
mated timing of a future period of fertility for the female
human user.

[0333] Optionally, each time window comprises at least 30
minutes, preferably at least one hour, further preferably 3 or
4 hours. Optionally, the time windows each have a fixed time
length and the number of windows in an extended period
depends on the length of the extended period.

[0334] There is also described herein a method of deter-
mining at least one representative temperature value for a
female human user, the method comprising:

[0335] receiving at least a first, a second and a third
plurality of temperature measurements obtained from a
female human user during at least first, second and third
respective extended periods, wherein each extended
period comprises at least one hour and wherein the start
of each extended period is separated by at least 12
hours;

[0336] calculating at least one representative tempera-
ture value for the second extended period, wherein the
representative temperature value is calculated using:

[0337] atleast one first temperature value obtained from
a plurality of measurements taken during the first
extended period;

[0338] at least one second temperature value obtained
from a plurality of measurements taken during the
second extended period; and

[0339] at least one third temperature value obtained
from a plurality of measurements taken during the third
extended period.

[0340] The method enables smoothing of data across
several days to provide a more accurate representation of
changes in the temperature of the user.

[0341] Inone embodiment, the representative temperature
value for the second extended period comprises an average
of the at least one first, at least one second and at least one
third temperature values.

[0342] Optionally, the average is weighted based on the
number of measurements taken during the respective first,
second and third extended periods. Hence more weight is
given to values obtained from extended periods in which a
large number of readings were taken as it is presumed that
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these values are likely to reflect more accurately the tem-
perature of the user. This may be a loose weighting.
[0343] Optionally, the at least one first, second and third
values comprise average temperature values for the first,
second and third extended periods respectively.

[0344] In some embodiments, each extended period is
divided into a plurality of time windows and a representative
temperature value is obtained for each time window of each
extended period.

[0345] Optionally, each extended period is divided into a
plurality of time windows and wherein the at least one first
temperature value, at least one second temperature value and
at least one third temperature value comprise readings
obtained in corresponding time windows in the respective
first, second and third extended periods.

[0346] The method may further include weighting the
calculation of the representative temperature value based on
the number of readings in the first, second and third time
windows of the respective extended periods.

[0347] The method optionally includes calculating the at
least one representative temperature value for the second
extended period using a temperature value obtained for at
least one extended period prior to the first extended period.
[0348] In some embodiments, the method includes calcu-
lating the at least one representative temperature value for
the second extended period using a temperature value
obtained for at least one extended period subsequent to the
third extended period. In a particular embodiment, the
representative temperature value for the second temperature
period is calculated using measurements taken from the
preceding two extended periods (preferably extending over
the preceding two days) and the following extended period
(preferably extending over the following day). Hence a
calculation of a representative temperature value for a
particular day is delayed by one day. The averaging of
temperature values over several days around the day in
question can increase the accuracy of the representative
temperature value. However, limiting the number of days
after the day in question that are used in the calculation can
enable more up-to-date temperature change analysis to be
performed. This can enable an increase in temperature to be
identified more quickly after it has occurred, leading to the
possibility that the user can be advised of the temperature
change event, and the probability of ovulation occurring, as
it happens. This may be particularly beneficial for users
whose ovulatory cycles are irregular.

[0349] There is also described herein a method of obtain-
ing a plurality of readings of the temperature of a female
human user, the method comprising:

[0350] determining the temperature of a female human
user by obtaining a temperature reading periodically
over an extended period of at least 4 hours to produce
a temperature reading data set

[0351] identifying within the data set valid temperature
readings, including
[0352] identifying a first plurality of consecutive

temperature readings wherein each of the first plu-
rality of readings is within a predetermined tempera-
ture range;

[0353] identifying a second plurality of consecutive
temperature readings following the first plurality,
wherein each of the second plurality of readings is
outside the predetermined temperature range;
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[0354] disregarding a predetermined number of read-
ings following the first temperature reading in the first
plurality of consecutive temperature readings;

[0355] disregarding a predetermined number of read-
ings prior to the first temperature reading in the second
plurality of consecutive temperature readings;

[0356] outputting the non-disregarded temperature
readings.

[0357] In some embodiments, the temperature readings
are obtained at a regular interval. The regular interval may
be less than 1 hour, preferably less than 30 minutes, further
preferably less than 10 minutes. The regular interval may be
greater than 30 seconds, preferably greater than 1 minute.
[0358] Optionally, the method may further include deter-
mining the time at which each temperature reading is
obtained and attaching a time stamp value to each tempera-
ture reading.

[0359] There is also described herein a method of analy-
sing data to identify a change in the temperature of a first
female human user, the method comprising:

[0360] receiving a plurality of temperature readings
obtained from the first female human user during
extended periods encompassing at least three days;

[0361] analysing the plurality of temperature readings
to obtain parameters indicative of a pattern in the
readings;

[0362] retrieving stored temperature data sets obtained
from one or more female human users over a plurality
of ovulatory cycles, wherein the stored temperature
data sets each comprise a temperature change event and
wherein the stored temperature data sets each have
associated parameters indicative of the temperature
change event; and

[0363] comparing the parameters indicative of a pattern
in the plurality of temperature readings to the param-
eters indicative of the temperature change event in the
stored temperature data sets to determine whether the
plurality of temperature readings incorporate a tem-
perature change event.

[0364] Optionally, the method further comprises receiving
at least a second plurality of temperature readings obtained
from the first female human user during a second extended
period. Optionally, the method further comprises receiving
at least one further plurality of temperature readings
obtained from the first female human user during at least one
further extended period.

[0365]

[0366] the rate of change of the temperature readings
between subsequent extended periods the cumulative
rate of change of the temperature readings between the
extended periods over the at least three days

[0367] parameters derived from a frequency transfor-
mation analysis

[0368]

[0369] The method may further include calculating the
probability of a temperature change event having occurred
based on at least one of:

[0370] the extent to which a match is determined
between the parameters associated with the plurality of
temperature readings and the parameters associated
with the stored temperature data sets;

The parameters may include at least one of:

the sign of the change in temperature readings
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[0371] the number of extended periods to which the
plurality of temperature readings relate;

[0372] the change in the values of the plurality of
temperature readings.

[0373] Optionally, the stored temperature data sets consist
of data sets obtained from the first female human user during
previous ovulatory cycles.

[0374] Alternatively, or in addition, the stored temperature
data sets comprise data sets obtained from a plurality of
female human users.

[0375] Insome embodiments, precedence may be given to
data sets obtained from the first female human user during
previous ovulatory cycles.

[0376] Optionally, the parameters include parameters
indicative of a dip followed by a rise in the temperature
readings.

[0377] There is also described herein a method of deter-
mining the level of a hormone in a female human user, the
method comprising:

[0378] obtaining a first representative temperature read-
ing from a first plurality of temperature measurements
taken from a female human user during a first extended
period of at least an hour;

[0379] obtaining a second representative temperature
reading from a second plurality of temperature mea-
surements taken from a female human user during a
second extended period of at least an hour;

[0380] obtaining at least one further representative tem-
perature reading from a further plurality of temperature
measurements taken from a female human user during
a further extended period of at least an hour;

[0381] wherein the first, second and at least one further
temperature reading are arranged over a plurality of
days;

[0382] the method further comprising:

[0383] analysing the first, second and at least one fur-
ther representative temperature reading to determine
characteristics of a change in the temperature of the
female human user over the plurality of days;

[0384] processing the characteristics of the change in
temperature to determine a change in the level of
progesterone in the female human user over the plu-
rality of days.

[0385] Optionally, the characteristics include at least one
of:

[0386] an absolute change in temperature over the plu-
rality of days;

[0387] a rate of change of the temperature over the
plurality of days;

[0388] a maximum or minimum temperature during the
plurality of days;

[0389] a maximum rate of change of the temperature
over the plurality of days.

[0390] There is also described herein a method of analy-
sing data to provide an indication of the timing of a
temperature change event for a female human user, the
method comprising:

[0391] receiving a plurality of temperature readings
obtained from the female human user during at least
three extended periods encompassing at least three
days;

[0392] filtering the plurality of temperature readings to
disregard faulty or irrelevant data;

[0393] allocating the plurality of non-disregarded tem-
perature readings from each extended period into a
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plurality of time windows for each extended period,
wherein each extended period comprises at least three
time windows;

[0394] determining a representative temperature value
for each time window;

[0395] determining a reference temperature value for
the user based on the representative temperature values
for at least the first extended period;

[0396] determining whether the representative tempera-
ture values for the respective time windows exhibit a
temperature change event, the temperature change
event comprising a rise in the temperature value within
an extended period or between consecutive extended
periods having a gradient greater than a threshold
value; and

[0397] providing first information to the female human
based on the determination of the temperature change
event.

[0398] By splitting temperature data from a single night
into at least two time windows, a rise in the basal body
temperature can be seen within a night, or between one night
and the next if the rise occurs during a time when readings
are not being taken.

[0399] Optionally, the method further comprises correct-
ing at least one temperature reading for diurnal variation,
preferably after the temperature readings have been filtered.
This can be particularly helpful in detecting a rise in basal
body temperature if it occurs within an overnight extended
period since it can enable a more accurate comparison to be
made between temperature readings taken early in the night
and those taken after 3 am.

[0400] Optionally, the first information comprises an indi-
cation of the timing of an ovulation event for the female
human. The temperature rise event itself is not thought to
occur at the point of ovulation, but several days after the
beginning of the temperature rise. Ultrasound analysis has
indicated that ovulation occurs around 3 days after the
beginning of the temperature rise. Therefore, the timing of
the ovulation event can be calculated based on the timing of
the temperature rise and this information can be communi-
cated to the user, their partner and/or their doctor in time for
fertilisation, further testing, or treatment to occur within the
same cycle.

[0401] The method may also include providing further
information predicting the timing of a further temperature
change event based on the timing of the determined tem-
perature change event. In particular, the expected timing of
the rise in basal body temperature in the next cycle, and
potentially in further subsequent cycles, can be calculated.
This may be done based on average cycle length data for a
plurality of female human users, or may be based on one or
more cycles of historic data for the particular user for whom
the data is being provided.

[0402] Optionally, the second information comprises a
time period determined based on the day on which the
second temperature change event is expected to occur. The
time period may be a range of dates during which the
temperature change event may occur.

[0403] Optionally, the method may further comprise pro-
viding third information based on the prediction of the
timing of the second temperature change event. The third
information may be the estimated timing of a period of
fertility, or preferably a period of maximum fertility for the
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female human user. The third information may comprise the
expected day of the next ovulation event for the user.
[0404] Optionally, the method further comprises retriev-
ing stored temperature data sets obtained from one or more
female human users over each of a plurality of ovulatory
cycles, wherein the stored temperature data sets each com-
prise a temperature change event and wherein the stored
temperature data sets each have associated parameters
indicative of the temperature change event. The parameters
may include details of how the temperature changes leading
up to and during the temperature change event in each data
set. In particular, the parameters may include information
relating to whether the temperature data exhibits a dip in
temperature prior to a temperature rise and details of how
quickly and how far the temperature rises during and imme-
diately following the temperature change event.

[0405] The method may further include comparing the
parameters indicative of a pattern in the plurality of tem-
perature readings to the parameters indicative of the tem-
perature change event in the stored temperature data sets to
determine whether the plurality of temperature readings
incorporate a temperature change event. Such a method may
make the identification of a temperature change event faster
and more accurate.

[0406] Optionally, the stored temperature data sets com-
prise data obtained from the female human user. Hence
previous data obtained from the same woman can assist in
identifying more accurately a temperature change event. In
particular, the expected timing of a temperature change
event can, in part, be predicted from the length of previous
cycles for that particular user. Further, the shape of the
temperature curve for a particular user may be characteristic
around the time of the temperature change event so the
system may be able to anticipate an upcoming temperature
change event using pattern matching when the start of the
characteristic curve is seen prior to the temperature change
event.

[0407] Optionally, each extended period comprises at least
three, preferably at least four or five windows. More win-
dows enable a larger number of data points within an
extended period and an increased ability to detect a tem-
perature change event.

[0408] FEach window may comprise at least 30 minutes,
preferably at least one hour. Optionally, the windows each
have a fixed time length and the number of windows in an
extended period depends on the length of the extended
period. For example, an extended period of 6 hours may
include 6 windows.

[0409] Apparatus corresponding to the methods and each
of the preferred features described above may also be
provided. In particular, apparatus may be provided with
means for implementing each of the method steps provided.
In particular, apparatus may further comprise a temperature
sensor, in particular an intravaginal temperature probe,
which may connected directly to a computer system or
network or which may be provided together with a base or
docking station for data download and/or recharging of the
probe. The temperature sensor In particular, elements in a
computer network, such as user terminals, a central server
and gateway devices may also be provided independently or
in conjunction with each other to implement the methods set
out herein.

[0410] One particular temperature measurement system
comprises a temperature sensor for deployment in or on the
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body of a female human user for obtaining a series of
temperature readings from the female human user; a pro-
cessor for digitising each of the series of temperature
readings; a power supply; and a communications interface
for communicating the series of digitised temperature read-
ings to a central server. The communications interface and
processor may be provided at the temperature sensor or in an
intermediate device with which the temperature sensor com-
municates, for example a base station or docking station.
The temperature sensor or docking station communicates
with a central server to upload data and download software
as necessary to update the operation of the sensor.

[0411] Computer programs, computer program products,
computer-readable media and/or logic arranged for imple-
menting any of the methods described above may also be
provided.

[0412] Embodiments will now be described in more detail
with reference to the figures in which:

[0413] FIG. 1 is a schematic diagram of a device accord-
ing to one embodiment;

[0414] FIG. 2 shows data obtained for an indwelling
thermometer worn by a human female for two consecutive
days. The x-axis shows the time of day or night and the bar
C below the temperature plots shows when the woman was
awake or asleep;

[0415] FIG. 3 shows processed data obtained from a
woman over her complete ovulatory cycle (except for days
0 to 8 where menstruation took place);

[0416] FIG. 4 shows data obtained from a woman over
most days in an ovulatory cycle;

[0417] FIG. 5is a schematic illustration of the operation of
the system according to one embodiment;

[0418] FIG. 6 is a schematic diagram of events within a
portion of an ovulatory cycle according to one embodiment;
[0419] FIGS. 7a and 74 are schematic illustrations of the
operation of the system in two ovulatory cycles according to
one embodiment;

[0420] FIG. 8 illustrates a method of processing data
according to one embodiment;

[0421] FIGS. 9a and 95 illustrate aural-based sensing units
according to further embodiments;

[0422] FIG. 10 is a schematic diagram of a skin-based
sensing unit;
[0423] FIG. 11 is a schematic diagram of a further aural-

based sensing unit according to a further embodiment
[0424] FIGS. 124 and 125 illustrate characteristics of the
temperature profiles of two female human users of the
present system.

TEMPERATURE SENSORS

[0425] There will first be described herein a number of
measurement devices and sensing systems that may be
implemented in order to obtain data for use in the methods
described herein. In particular, FIG. 1 illustrates schemati-
cally an indwelling measuring device and an associated base
unit. FIGS. 94, 95 and 11 illustrate embodiments of aural-
based sensing devices and

[0426] FIG. 10 illustrates a skin-based temperature sensor
according to one embodiment. The skilled person will
appreciate that devices of FIGS. 9a, 95, 10 and 11 may be
implemented as standalone units, for example interfacing
with a user’s mobile telephone or handheld computing
device, or may be implemented in conjunction with a base
unit such as that described with FIG. 1.
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[0427] The aural sensor of FIG. 9 is implemented in the
form of an in-ear earphone or ear plug that fits within the ear
of the user. The earphone is designed to fit neatly and
securely within the user’s ear so that it can be worn
discreetly for the user over long periods of time, for example
for 4 or more hours, in particular during an overnight period.

[0428] The earphone comprises a sensor unit that includes
multiple sensors for obtaining physiological data from the
user. In particular, the illustrated temperature sensor
includes a thermometer, in particular a tympanic tempera-
ture sensor that uses infrared radiation and a thermopile
detector to measure the tympanic temperature within the ear.

[0429] The earphone further includes an accelerometer for
measuring movement of the user, preferably in multiple
planes. The accelerometer is preferably implemented as a
multiple-axis micro electro-mechanical system (MEMS).
The accelerometer can be used to determine whether a user
is moving and, if so, their activity level. The earphone of
FIG. 9a also includes a heart rate sensor, which provides a
further indication of the level of activity of a user, since the
heart rate of the user will increase as a result of sustained
activity. The heart rate monitor can obtain data over an
extended period, particularly an overnight period, in order to
determine a resting heart rate for the user.

[0430] FIG. 95 illustrates schematically a further embodi-
ment of an in-ear based sensor device. The sensor of FIG. 96
includes an arm for retaining the earphone more securely
within the ear canal of a user.

[0431] The device of FIG. 95 also includes a thermometer
for obtaining regular, periodic temperature readings from the
user. The device also includes a blood pressure monitor and
n oxygen saturation sensor that determines the level of
oxygen saturation in the blood.

[0432] Either earphone may further include other ear-
phone functionality, for example, the earphone may incor-
porate speakers to enable a user to listen to music whilst
wearing the earphone or to listen to telephone calls. The
earphone may also include a microphone for detecting sound
incident on the ear and recreating it for the user via the
speakers so that the earphone is essentially audio-transparent
to the user, who can hear external sounds as if they were not
wearing the earphone. In such embodiments, the earphone
can preferably switch between modes on request from the
user via a user interface, which may be provided at the
earphone itself, for example via buttons or a touch-screen
interface. Modes would include at least some of: audio
transparent, music playback, telephone, sensor only.

[0433] In many embodiments, a single earphone will be
sufficient to obtain the necessary physiological data. How-
ever, it is possible to implement the system using one
earphone in each ear, in particular where the earphone is to
be used for secondary functionality such as listening to
music. In such embodiments, sensors may be provided in
each earphone, for example a temperature sensor can be
provided in each earphone to provide redundancy (for
example in case one earphone falls or is not correctly-placed
to obtain an accurate temperature reading) or to provide a
more accurate determination of the temperature reading by
provide more data points for an extended period for the user.
While it is useful to include a temperature sensor in each
earphone, the other temperature sensors may be different
between the earphones. For example, the right earphone may
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include an accelerometer and a heart rate monitor and the
left earphone may include a blood pressure monitor and an
oxygen saturation sensor.

[0434] The earphones of FIGS. 94 and 95 also include
processing, communication and storage components. In par-
ticular, a processor controls the operation of the sensors
including determining the modes of operation of the sensors
and when they should collect and store data. The processor
interfaces with the sensors and a memory to cause the
sensors to transmit data to store in the memory. A suitable
memory may be around 1-4 Gb in size and may be imple-
mented as a non-volatile solid-state storage medium such as
flash memory.

[0435] The function of the memory within the earphone is
to store both programs that encode the operation of the
earphone device and data collected by the sensors. In
particular, instructions for operating the earphone and its
sensors in different modes of operation are stored within the
memory. The memory further receives data from the sensors,
optionally via the processor, and stores this data for onward
transmission to a base station or computer system, as
described in more detail below.

[0436] The earphone device is further implemented with a
transceiver for transmitting data to and receiving data from
an external system. In particular, the earphone is imple-
mented to connect to an external base station such as that
described below in relation to FIG. 1, or to a computer or
handheld computing device or mobile telephone. Transmis-
sion of data preferably occurs via a wireless interface, in
particular a NFC interface, although other communications
interfaces such as Bluetooth would also be possible. It would
also be possible to use a wired interface, for example via a
USB connector, to connect the device to a base station, and
such data transfer may occur while the device is charging
through the USB connection, although wireless transmission
may be more convenient for the user.

[0437] The transceiver may also be used as an interface for
transmitting and receiving data to and from other sensor
device. For example, a skin-based temperature measuring
device may transmit its data to the earphone device for
processing and storage.

[0438] The earphone device also includes a power supply,
preferably comprising a rechargeable single-cell battery of
around 100 mAh-600 mAh, based on silver, mercury, zinc or
an alkaline component.

[0439] FIG. 10 illustrates a further embodiment of a
sensor device for obtaining physiological data from a user.
In this embodiment, the sensors include a temperature
sensor and a heart rate monitor incorporated into a strap for
placement around a user’s arm. The device includes at least
a power supply, memory, communications interface and
processor, which may be incorporated into the strap or
disposed upon its surface.

[0440] FIG. 11 illustrates a further embodiment of the
system in which sensors are incorporated into headphones.
Processing, storage and communications capabilities may be
implemented within the band that passes over the user’s
head.

[0441] In an alternative system, measurements of the basal
body temperature of a female human user may be obtained
in one embodiment using the apparatus and methods
described in WO-A2-2008/029130.

[0442] FIG. 1 illustrates schematically an apparatus and
method in accordance with a certain preferred embodiment
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ofthe invention. It is to be understood that features disclosed
in respect of this preferred embodiment may be applied to
other embodiments of the system.

[0443] There is provided to a female human a user termi-
nal 1 comprising a temperature measuring device provided
in an indwelling unit 2. The indwelling unit 2 is designed for
intravaginal use and is smoothly shaped for comfort and
hygiene. It is provided with a cord 3 for ease of retrieval. The
indwelling device is worn in the vagina every night from the
first night following the end of menstruation until such time
as the next menstrual period starts. The indwelling unit
comprises an electronic temperature measuring means
which takes multiple temperatures readings at regular time
intervals during the overnight period. The indwelling unit is
powered by battery and comprises a memory unit which
records the temperature readings taken during the overnight
period. The indwelling unit is waterproof and sealed and
therefore is either disposed of when the battery is flat, or
after a period pre-determined by the system, or else is
provided with a rechargeable battery and associated circuitry
so that it may be recharged. In one embodiment, the prede-
termined period of time may be set by the system by setting
a number of cycles for which the unit may be used on the
reader device or in software associated with the unit, for
example in a software application (app) controlling the unit.
[0444] When the woman wakes up, she removes the
indwelling unit and washes it, by rinsing under a running
tap. During the day whilst the woman is awake and active,
the indwelling unit of the present embodiment is placed onto
a tabletop unit 4 which is also provided to the woman. The
tabletop unit is conveniently provided with a recess 5 in its
upper surface which is shaped to retain the indwelling unit
placed onto it. Both the indwelling unit and the tabletop unit
are provided with induction coils which are arranged so that
when the indwelling unit is placed in the recess of the
tabletop unit the induction coils come into mutual proximity
so that the two units may communicate (represented by
arrow 6). During the day, the temperature readings stored in
the memory of the indwelling unit are transferred to a
memory in the tabletop unit. If the indwelling unit is
provided with a rechargeable battery, the battery may be
recharged by the transfer of electrical energy through the
induction coils. At the end of the day the woman removes the
indwelling unit from the recess and places it in her vagina so
that it may record her body temperatures over the following
night.

[0445] The skilled person will appreciate that, in other
arrangements, the unit may operate in other ways. In par-
ticular, the indwelling unit may communicate with the
tabletop unit, or base unit in other ways, for example using
RFID or BlueTooth communication links or via a physical
connection such as by plugging in to an adapter. Alterna-
tively, the base unit may be used only for charging purposes
and the indwelling unit may store and process all of its own
data or may transfer the data directly to a computer system,
for example via a wireless or mobile data connection.
[0446] In further embodiments, the indwelling unit may be
a standalone device and no base unit may be provided. In
such a case, the indwelling unit may perform the necessary
data processing steps itself and/or may transmit the data
directly to a remote computer system. The remote computer
system may be a head-end computer system connected to the
unit via the internet. Such a connection may pass through a
user’s local device, such as a computer, tablet, mobile phone
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or PDA. In particular, a user application (or “app”) may be
provided on a user’s local device to interface with the
indwelling unit, obtain data from the unit and display
information and results to the user. In some embodiments,
the “app” may communicate with a remote or base computer
system to send results or data to the remote computer
system. The remote computer system may further provide a
web interface for a user where data and results can be
displayed and reviewed in more detail.

[0447] In some embodiments, the indwelling unit is
arranged so that it only records temperature readings during
an overnight period. Various methods may be employed to
ensure that. In one preferred method the indwelling unit will
incorporate a clock and will be programmed to record
temperature only during a time period when it is expected
that the woman would be asleep. In another preferred
embodiment, the woman is instructed that with the excep-
tion of brief periods of cleaning after removal and before
insertion, the device is to be placed in the recess of the
tabletop unit at all times when it is not in the vagina. In such
an embodiment the indwelling unit will be arranged to sense
whether it is in the recess and programmed to take tempera-
ture readings only when it is not in close proximity to the
table top unit. It may also be programmed to not record or
to disregard temperature readings taken within a short time
period (for example, 30 minutes) before and after being
placed in the recess of the table top device. Such a short time
period will likely contain erroneous temperature readings
caused by the indwelling unit being washed or by the
thermal lag time when it is first inserted and needs to warm
up to body temperature. According to another embodiment,
the table top unit is provided with user operated buttons (7,
8) which can be used by the woman to instruct the device
that she is about to insert the device or that she has just
removed the device.

[0448] According to certain preferred embodiments the
woman is instructed to press a button (either on the indwell-
ing unit or more preferably on the base unit) to register when
she is about to place the indwelling unit and go to bed.
Additional input buttons may be provided, for example, for
the woman to enter “fever days” to be discounted from
calculation or for the woman to signal the start of her cycle
(i.e. the first day of menstruation).

[0449] When the table top unit 4 has acquired the tem-
perature readings taken the previous night, those readings
are automatically transmitted to a remote site (remote site
illustrated by dotted line 9, transmission by arrow 10).
Transmission may be by wireless telephony or via a tele-
phone line or via the internet or by any other convenient
route for which appropriate hardware (for example,
modems) and software protocols are provided. According to
certain embodiments, transmission need not take place until
the woman signals the end of her cycle. A whole cycle’s
worth of readings may then be transmitted. According to
such embodiments, a button may be provided on one of the
units (preferably the table top unit) for a woman to signal the
end of her cycle and also to start the transmission of data
relating to the cycle just completed.

[0450] At the remote site there is provided a processor 11
for analysing the temperature readings in accordance with
the method of the invention, and a file server 12 for storing
the temperature readings and the results of the analysis. The
remote site may be in communication with multiple tabletop
units being used by different women. The readings from
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each woman are identified by being labelled by the appro-
priate desktop unit with a unique identifier code.

[0451] Information about the fertility of the woman may
be transmitted back to that woman’s tabletop unit and
displayed on a display screen 13 provided on that unit, said
information will also be stored, labelled with the woman’s
unique identifier code, on the file server.

[0452] Information relevant to the fertility of the woman
may also be accessed from the file server by other authorised
users (represented by output box 14) in possession of the
appropriate unique identifier code. Such additional users
may include the woman’s sexual partner and her physician.
[0453] As noted above, the temperature sensor may be
provided as an indwelling device, as described above in
relation to FIG. 1, or as a sensor that is applied externally to
the user, for example as a skin temperature sensor or an aural
or oral temperature sensor. The temperature sensor should be
able to detect rises in body temperature of between 0.1 and
0.5 degC., typically around 0.3 degC., therefore a resolution
01 0.01 degC. in the raw data readings is helpful. However,
the resolution may be as fine as 0.001 degC. and a resolution
of 0.003 degC. would be typical. The temperature sensor
should be linear at least over the range 36-42 degC., pref-
erably over the range 35-42 degC.

[0454] Since non-disregarded temperature readings will
lie in the range 36-38 degC., measurements to the nearest
0.01 degC. within this range will typically be obtained,
providing 200 steps for possible readings within that range.
[0455] Once obtained, a baseline value (suitably 36 degC.)
is subtracted from the temperature measurements and the
readings are digitised for storage and transmission.

[0456] In addition to a sensor for measuring the tempera-
ture of the user, the user terminal 1 may also incorporate
other sensors in order to obtain other physiological data
from the user. In particular one or more accelerometers can
be used to determine whether the user is moving during the
time that the temperature reading is being taken.

[0457] The skilled person will appreciate that features of
the devices described in relation to FIGS. 9a, 95, 10 and 11
may be implemented in conjunction with the system illus-
trated in FIG. 1. Further, features of the system of FIG. 1
may also be incorporated into the systems of FIGS. 9, 94, 10
and 11.

[0458] In particular embodiments, the systems of any of
FIGS. 1, 9a, 95, 10 and 11 may be implemented in con-
junction with one or more of:

[0459] a skin temperature sensor or oral sensor—in
particular to provide an indication of the body tem-
perature on days when the indwelling sensor is not used

[0460] one or more accelerometers—these may be used
to measure movement of the user, which can enable the
body temperature reading to be adjusted for the user’s
activity level

[0461] heart/pulse rate monitor—such a monitor may
also provide a measure of activity levels of the user

[0462] luteinizing hormone (I.H) test—this may be pro-
vided as a sensor or may be an indicator that advises the
user when an LH test should be performed. In this case,
the temperature sensor data can be used to predict the
timing of when an LH test can usefully be performed.

[0463] Progesterone/Oestrogen—sensors may be pro-
vided to supplement the temperature data since these
hormones are also known to follow a cyclical pattern
over an ovulatory cycle.
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[0464] pH sensor—sensors may be provided to supple-
ment the temperature data since pH levels are also
known to follow a cyclical pattern over an ovulatory
cycle.

[0465] impedance sensor—sensors may be provided to
supplement the temperature data since impedance is
also known to follow a cyclical pattern over an ovula-
tory cycle.

[0466] Methods of obtaining and using data using the
systems described above and illustrated in FIGS. 1, 9a, 95,
10 and 11 will now be described.

[0467)]

[0468] Multiple temperature readings are taken from the
female mammal during an extended period. The extended
period may be at least 1 hour long, preferably at least 2 hours
long, preferably at least 3 hours long, preferably at least 4
hours long. According to certain preferred embodiment that
extended period is between 15 minutes and 6 hours, pref-
erably between 1 to 6 hours, more preferably between 2 and
5 hours, more preferably between 3 and 4 hours. According
to certain embodiments the extended time period is an
overnight time period or an extended period of rest for the
female. One advantage of using an overnight period is that
natural fluctuations are reduced due to the constancy of the
environment and the relative lack of movement by the
female. By “overnight time period” as used above it is
intended to mean the period during which the female animal
is asleep or expected to be asleep. It will be understood that
for certain women (for example those employed to work at
night) this time period may in fact take place during the day.
Similar considerations apply to the use in nocturnal animals.

[0469] During the extended period multiple temperature
readings are taken. For example, a reading may be taken
every 20 seconds, every minute, or every 5 minutes. Pref-
erably, a reading taken every 1 to 20 minutes, more prefer-
ably every 2 to 10 minutes, most preferably every 5 minutes.
Preferably multiple temperature readings are taken at regular
intervals. Preferably at least 25 temperature readings, more
preferably at least 50, more preferable at least 100, more
preferably at least 250 temperature readings are taken in the
extended period. According to certain embodiments mea-
surements are taken every 5 to 10 minutes over a period of
about 5 hours. According to certain preferred embodiments
the extended period may extend from shortly before or
shortly after the subject goes to bed to 3, 4 or 5 hours later
or until the woman wakes up, or for a particular time
window during an overnight period, for example, from 1.00
am to 5.00 am or from 12 midnight to 3.00 am. Accordingly,
to certain embodiments the time period may be selected to
avoid the period after about 3.00 am when a dip in tem-
perature typically occurs, although the Inventors do not
report problems with taking readings during this dip.

[0470] Insome embodiments, the time period may be split
into a plurality of time windows, for example 10 am-2 am,
and 2 am-6 am. Each time window may be treated as a
separate extended period.

[0471] In a particular example, the temperature data col-
lection process includes obtaining at least 10 readings in an
extended rest period of at least one hour. Preferably readings
are taken every 5 minutes for at least 90 minutes which
allows a sufficient number of readings to be taken to perform
the further analysis in examples described herein whilst also
allowing for an initial warm-up period of around half an
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hour. In preferred examples, at least 20 readings are obtained
from the user over a period of at least 2 hours.

[0472] The temperature resolution of the sensor in the
indwelling unit is preferably at least 0.1° C., further pref-
erably at least 0.05° C. This can enable the expected increase
in the basal body temperature of the user to be observed in
the data collected.

[0473] In another example, as described above, tempera-
ture readings may be obtained overnight or for at least a 3
hour rest period and data is collected multiple times each
hour, preferably at least 6 times an hour, further preferably
12 times an hour.

[0474] Data Filtering

[0475] Once the temperature data has been obtained, a step
of filtering can be used to identify the data to be used in the
further processing steps.

[0476] As described in WO-A2-2008/029130, data that is
irrelevant and data that is faulty may be disregarded. Irrel-
evant data includes data that is genuine but irrelevant to the
ovulatory cycle. Irrelevant data is genuine data because it
genuinely reflects the body temperature of the female.
However, it is caused by factors that are irrelevant to the
matter of ovulation. It may be produced, for example, by
diurnal temperature fluctuations, or by changes in the ambi-
ent temperature to which the woman is exposed. Faulty data
is data that does not genuinely correspond to the body
temperature of the female. It may be produced, for example,
by a faulty temperature measuring device or, more likely, by
an intrinsic limitation of the temperature measuring device
(for example a time-lag in the response of the device to
being placed in a body cavity).

[0477] Irrelevant or faulty data may arise from a number
of'sources. For example, data from time period during which
the user is experiencing an episode of fever. Also, an
indwelling thermometer may be removed or repositioned if
it is uncomfortable; it may be removed and washed in either
hot or cold water; its temperature may change if the female
urinates or if body temperature changes due to changes in
the external temperature (caused by changing weather or
room heating); changes in clothing or bedding; changes in
level of exertion or changes in proximity to external heat
sources (for example a hot water bottle or bed partner).
[0478] Faulty data is also likely to be generated when the
temperature measuring device is first applied to or placed in
the subject because of the thermal lag time required for the
device to reach body temperature. Irrelevant data may also
be produced when the temperature measuring device is not
applied to or placed in the subject (for example during
periods of non-use which may be intentional or accidental).
[0479] A method which allows irrelevant data generated
when the device is not in use to be disregarded may have the
additional advantage of allowing automatic sensing of the
start and end of the extended measuring period. For example
if the method involves the overnight use of an indwelling
temperature measuring device, said device being stored at
room temperature during the day, a step of disregarding
irrelevant data will permit the temperature readings gener-
ated during the day to be disregarded and assist in the
identification of separate extended periods each correspond-
ing to an overnight period. This will remove the need for
manually “switching on” the device each night. Faulty or
irrelevant data may be identified by applying any suitable
characteristic known to be associated with faulty or irrel-
evant data. Such characteristics include:
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[0480] 1. Temperature readings clearly out of the tempera-
ture range found in female mammals of the species in
question, for example temperature readings above or below
that expected of a 1 female mammal of a particular species.
For example more than 2 or 3 or 4 degrees Celsius above or
below the expected body temperature of the mammal, for
example in the human more than 38° C. or less than 36° C.

[0481] 2. Temperature readings that whilst they may be
within the range expected from female mammals of the
species in question are not within the range expected for the
individual in question (as determined from historical data
previously obtained from that individual, for example tem-
perature readings above or below that expected of an indi-
vidual female mammal. For example more than 0.5, 0.6, 0.7,
0.8,0.9 0r 1, 2 or 3 or 4 degrees Celsius above or below the
expected body temperature of the individual female mam-
mal.

[0482] 3. Temperature readings which differ from preced-
ing or following values by such a degree as to indicate
changes of temperature (heating or cooling) at a rate too high
to be expected to be observed in the body temperature of a
female mammal. For example heating or cooling rates of
more than 0.1° C. per minute, of more than 0.2° C. per
minute, of more than 0.3° C. per minute, of more than 0.4°
C. per minute, or more than 0.5° C. per minute, or more than
0.6° C. per minute, of more than 0.7° C. per minute, of more
than 0.8° C. per minute or of more than 0.9° C. per minute
or of more than 1.0° C. per minute may be characteristic of
faulty or irrelevant data.

[0483] 4. Temperature readings which are clearly outliers
may be characteristic of faulty or irrelevant data. For
example a single reading or relatively few temperature
readings differing substantially from the other temperature
readings collected during the extended period are unlikely to
indicate a true change in temperature but are more likely to
be indicative of faulty or irrelevant data.

[0484] 5. Temperature readings tagged with supplemen-
tary data, for example readings tagged by data indicating
that the female was suffering from a fever.

[0485] 6. Temperature readings obtained immediately
before or immediately after temperature readings showing
any other characteristic of faulty data. For example readings
of below 36° C. may be identified as faulty or irrelevant
according to characteristic 1 above. The readings obtained
20 minutes before and 20 minutes after such a reading may
also be identified as faulty or irrelevant.

[0486] Temperature readings having one or more charac-
teristics of faulty data are disregarded, meaning that they are
not included in subsequent steps of the method.

[0487] Readings which are significantly influenced by
diurnal temperature changes may be characteristic of irrel-
evant data and may, according to certain embodiments be
disregarded. For example, if the temperature readings are
taken in a human woman during overnight extended periods,
the temporary core temperature dip which occurs in humans
just before waking may be disregarded according to certain
embodiments. Diurnal temperature changes which are
unconnected to levels of female hormones and therefore
unrelated to ovulation may also be observed in male mam-
mals. Therefore temperature readings taken from female
mammals that show similar characteristics to those observed
in males of the same species may, optionally be regarded as
characteristic of faulty or irrelevant data and be disregarded.
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[0488] Readings which are identified as raised due to
illness by pattern recognition algorithms may be recognised
as having one or more characteristics of faulty or irrelevant
data and be disregarded.

[0489] Readings which occur with the commencement of
use, or at the end of use, of the device and which may be
attributed to the device reaching a new thermal equilibrium
may be recognised as having one or more characteristics of
faulty or irrelevant data and be disregarded.

[0490] In some embodiments temperature readings may
be taken substantially continuously. In such embodiments,
the data filtering methods described herein may be used to
identify the temperature readings that should be used for
further analysis. Hence a large proportion of the temperature
readings may be disregarded in such embodiments.

[0491] In a particular embodiment, it may be sufficient
simply to use any data that falls consistently within a
particular temperature range (for example 36° C.-37.5° C.)
for a consistent period of longer than 20 minutes. Alterna-
tively, or in addition, the filtering process may detect the first
consistent set of data within the temperature range and
continue to use the data until a set time (typically 20 to 30
minutes) before it falls below the temperature range.
[0492] As an additional check, particularly if the data is
associated with a timestamp, the process may further verify
whether the particular data falls within the 12 or 24 hour
period associated with the extended period in question. This
is to ensure that the data is assigned to the relevant extended
period.

[0493] In an alternative approach, data filtering may be
achieved using a pattern matching approach. A predicted
pattern of expected temperature readings for an extended
period can be generated. This may be done based on
theoretical or computer models or based on historical data
from previous extended periods. The predicted pattern is
preferably adapted and updated as more data is collected,
either based on a data collected from all users of the device
or based on data collected from the specific user of the
device. A further step includes defining which data within
the predicted pattern should be retained and used for further
analysis. This may be done manually or by automatically
excluding data falling within criteria for fault and irrelevant
data such as those set out above.

[0494] The predicted pattern can then be compared to data
collected in further extended periods to identify which data
from the further periods should be used in the further
processing and analysis steps.

[0495] In a further processing step, in order to identify
where the system might find a relevant “pattern” in the data,
a processor may create a 14 hour “window” in the data
centred on a point 4-5 hours prior to download of the data
being initiated. It is likely that the data in such a window will
include all relevant data for a single extended period. The
data in the window can then be analysed to determine
whether it incorporates a whole extended period. For
example, the data may be assessed to determine whether the
whole of an expected data pattern is included in the window.
In particular, whether there is a characteristic rise in tem-
perature when the user inserts the device, followed by a
relatively stable period of temperature readings, and finally
a fall in temperature following removal of the device.
[0496] Such an approach may enable the system to omit
irrelevant data without further analysis of this data, for
example by omitting data obtained during a daytime period.
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[0497] Once such data has been obtained, based on a
pattern matching algorithm or window system as described,
the data may be further analysed for faulty or irrelevant data
as described above. In particular, in one embodiment, the
following filtering steps may be applied:

[0498] select only temperature readings that are within
a predetermined range (36-37.5° C).

[0499] omit readings from at least the first 20 mins
(warm up time)

[0500] omit readings taken before (for example for a
period of 10 mins) and after (for example for a period
0120 mins) any temperature dip (this may occur due the
device having been taken out and reinserted)

[0501] omit the readings from at least the last 10 mins
(this may be after the device has been removed but
while it is cooling down to the ambient temperature)

[0502] adjust for or remove data related to diurnal
variation (in particular to adjust for the rise in tempera-
ture observed after 2 am)

[0503] remove any data that shows too high a rate of
change of temperature.

[0504] In some embodiments, the raw data that has been
filtered according to the techniques described herein can
then be used directly in the analysis of changes in the basal
body temperature. However, in many embodiments, further
processing of the raw data can be helpful in order to bring
out more clearly the pattern of changes in the basal body
temperature that are caused by the ovulatory cycle. It may be
particularly helpful to determine for each extended period
one or more representative temperature readings as will now
be described in more detail.

[0505]

[0506] In some embodiments, multiple sensors are pro-
vided that determine physiological data for a user. In par-
ticular, multiple sensors may be provided within a single
device.

[0507] For example, an accelerometer can be used in
conjunction with a temperature sensor and data from the
accelerometer used to determine which temperature read-
ings were taken while the user was at rest, and which were
taken during a period of activity for the user. Use of an
accelerometer together with a temperature sensor can enable
the system to disregard temperature readings that were not
taken during a period of rest for the user. Readings may be
disregarded as part of the data filtering method described
above.

[0508] A heart rate monitor may be used in a similar way
in conjunction with the temperature sensor to ensure that
temperature readings are only used if they were taken during
a period of rest. The heart rate monitor may determine a
threshold below which the heart rate must fall, which is
likely to be different for each user, for the temperature data
to be considered a valid temperature reading. The relevant
heart rate threshold can be determined for a particular user
by obtaining the lowest stable heart rate for the user during
an extended period. For example, in order to calibrate the
heart rate monitor, the user can be asked to wear the device
during an extended period of rest to enable the device to set
the “at rest” heart rate threshold for the user. Temperature
readings taken during a time when the user’s heart rate is
more than 10% or 20% greater than the resting heart rate
threshold.

Multiple Sensors

Apr. 18,2019

[0509] Preferably, temperature readings are disregarded,
or filtered out of the data, if they were taken during a period
of movement by the user or within 5-10 minutes of the end
of a period of movement.

[0510] In a similar way, data from the other sensors can be
used to support and provide more information about the
circumstances around the particular temperature readings.
For example, the device may check that the blood pressure
and oxygen saturation readings fall within a predetermined
range before accepting the accompanying temperature read-
ings as valid.

[0511] Any of the sensor devices described herein may
further include a clock so that readings from each of the
sensors can be time-stamped with a clock value to enable the
processor or an external processing system to determine
which readings were taken simultaneously.

[0512] The sensors within the device may be used, in
addition or alternatively, to inform the user or her physician
of other physiological characteristics of the user. For
example, the blood pressure monitor may enable the user to
be warned if it rises too high and the oxygen saturation
monitor can track over the course of a day how much oxygen
is being carried within the blood. This can be helpful in
tracking the health of an individual (male or female) and
detecting quickly the symptoms of disease.

[0513] In addition to increasing the accuracy of the tem-
perature data as described above, the sensors may also be
used to provide further information relating to the fertility
level of a user directly.

[0514] Conversion of data to a “Representative Tempera-
ture Reading”
[0515] In order to compare and analyse temperature read-

ings obtained from different extended periods, it can be
helpful to obtain one or several representative temperature
values for each extended period or to obtain a comparative
measurement between selected measurements within
extended periods. For example, a comparison is made
between single measurement points matched in time from
within two or within several extended periods. According to
certain preferred embodiments a single representative value
is obtained for each extended period. According to other
embodiments several representative temperature values are
obtained for each extended period. An extended period
typically lasts for several hours. Representative temperature
values may, for example, be obtained for each hourly or half
hourly interval of the extended period.

[0516] Preferably within each 24 hour period there is a
single extended period and a single representative tempera-
ture value is obtained for each extended period. Represen-
tative temperature values may, for example, be obtained
using any of the following methods:

[0517] Calculating the mean of the non-disregarded
temperature readings collected during the complete
extended period or collected during a specific time
interval of the extended period (if more than one
representative value is to be obtained for each extended
period).

[0518] Calculating the median of the non-disregarded
temperature readings collected during the complete
extended period or collected during a specific time
interval of the extended period (if more than one
representative value is to be obtained for each extended
period).
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[0519] Calculating the mode (most commonly occur-
ring temperature reading) from the data collected dur-
ing the complete extended period or collected during a
specific time interval of the extended period (if more
than one representative value is obtained for each
extended period).

[0520] Choosing the temperature reading or readings at
a particular distance in time from the start or the end of
a stretch of non-disregarded temperature readings. For
example, the representative value may be chosen as the
temperature reading taken halfway through the stretch
of non-disregarded temperature readings. Alternatively
representative values may be chosen as the temperature
readings taken at regular intervals during a stretch of
non-disregarded temperature readings, for example,
every hour or every half hour.

[0521] By the use of deviations of single measurement
points from a representative or from an idealised model
of diurnal temperature change, for example by calcu-
lating a standard deviation, a variance or higher
moments.

[0522] Calculating a derivative or integral of the tem-
perature readings over time collected during the com-
plete extended period or collected during a specific
time interval of the extended period (if more than one
representative value is to be obtained for each extended
period). For example, the slope representing the rate of
change of temperature. According to certain preferred
embodiments, all temperature readings that remain
after those having one or more characteristics of faulty
or irrelevant data are disregarded are used as represen-
tative temperature values.

[0523] It has been unexpectedly discovered that it is
preferable to obtain a representative temperature value that
is not influenced, or not significantly influenced, by the
maximum or minimum readings for extended period.
Examples of such values include the “trimmed mean” of the
temperature readings. To obtain such a trimmed mean one
disregards a pre-determined number of the lowest and a
pre-determined number of the highest readings obtained
during an extended period and calculates the mean of those
readings that remain. Median and mid-percentile (for
example 10th to 90th or the 20th to 80th percentile or the
30th to 70th percentile values are also relatively immune to
the effects of other temperature readings and are preferred in
accordance with certain embodiments.

[0524] It is noted that irrelevant temperature readings are
more likely to come about because of heating of the female
subject than by cooling of the subject (i.e., a woman’s
temperature during an overnight (asleep) extended period is
more likely to deviate from her true basal body temperature
in an upward rather than downward direction). That is to say,
a woman is more likely to experience a temporary and
irrelevant temperature rise than she is a temporary and
irrelevant temperature fall.

[0525] This observation means that a better representative
temperature value may be obtained for an extended period
by use of an algorithm that gives greater statistical weighing
to temperature readings that are lower than the median
temperature reading than is given to the temperature read-
ings that are higher than the median temperature readings
(whilst, of course, at the same time giving little weight to the
minimum temperature reading and those readings near to the
maximum temperature reading).
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[0526] It has been found that the 25th percentile of non-
disregarded temperature readings makes an especially good
representative temperature value for an extended period.
Other readings near to the 25th percentile of non-disre-
garded temperature readings will also serve well. According
to certain preferred embodiments the representative tem-
perature value for an extended period is the 10th to 60th
percentile value of the non-disregarded temperature read-
ings. More preferably it is the 11* to 50th percentile value,
more preferably the 12th to 40th percentile value, more
preferably the 13th to 46th percentile value, more preferably
the 14th to 44th percentile value, more preferably the 14th
to 42nd percentile value, more preferably the 15th to 40th
percentile value, more preferably the 16th to 38th percentile
value, more preferably the 17th to 37th percentile value,
more preferably the 18th to 35th percentile value, more
preferably the 19th to 33rd percentile value, more preferably
the 20th to 31st percentile value, more preferably the 21st to
20th percentile value, more preferably the 22nd to 28th
percentile value, more preferably the 23rd to 27th percentile
value, more preferably the 24th to 26th percentile value.
Most preferably it is the 25th percentile value.

[0527] It will be appreciated that under some circum-
stances the temperature readings may be subjected to pro-
cessing which will result in both the disregarding of faulty
and irrelevant data and the obtaining of a representative
temperature value in a single step or calculation process. For
example, if one were to take the raw temperature readings of
an extended time period and calculate a trimmed mean one
would be disregarding outlying temperature readings (likely
to be faulty or irrelevant data) and obtaining a representative
temperature value in a single step.

[0528] Processing of Data to Smooth Temperature Curve
[0529] Once representative temperature readings have
been obtained for a particular extended period or time
window, these may be subject to further processing to
smooth the data between time windows as described below.
[0530] In a particular embodiment, a sliding average tech-
nique may be used to smooth the data between extended
periods. Preferably a sliding window covering 3-5 days is
used centred on the day for which the adjustment is being
made.

[0531] In preferred embodiments, the average is weighted
by the number of readings of raw data within the particular
time window or extended period.

[0532] In a particular embodiment, the adjustment prefer-
ably takes into account data from the present extended
period together with data obtained in the extended periods
covering the preceding and following two days. Hence the
basal body temperature data is averaged across a 5 night
sliding window (-2 to +2 nights).

[0533] As described in more detail below, in this embodi-
ment, the final adjusted value for a representative tempera-
ture value for a particular extended period is therefore made
two days after the extended period itself. In some embodi-
ments, the unadjusted value can be used in the analysis of
temperature changes and can be adjusted daily based on
subsequent readings until a final adjusted value is reached 2
days after the extended period.

[0534] As also described below, in many methods, the
determination of whether a temperature change event indica-
tive of ovulation has occurred relies on the identification of
3 days of consistently raised temperature readings. To fully
calculate the representative temperature reading for day n of
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a cycle, data is required for days n-2, n-1, n, n+1 and n+2.
If day n is the first day of a temperature change event, then
temperature values for days n+1 and n+2 must be calculated
to confirm the temperature change event. However, to cal-
culate the representative temperature value for day n+2, data
is required from days n, n+1, n+2, n+3 and n+4. Therefore,
the start of the temperature change event on day n can be
detected on day n+4. It is understood from a study of
ultrasound data that ovulation usually occurs around 3 days
after the start of the temperature change event so the method
described above can be used to inform the user of ovulation
one day after it has occurred.

[0535] Alternative methods and data processing tech-
niques can be used to bring this time of prediction forward
so that ovulation information can be provided to the user in
real time or before the ovulation event, while still maintain-
ing a high accuracy of information.

[0536] Ina particular embodiment, a 3-day rolling average
of data may be sufficient to smooth the temperature readings
and maintain sufficient accuracy to detect the temperature
change event reliably. While representative temperature
values may be used in the 3-day rolling average calculation,
more accurate data may be obtained if more than one
representative temperature value is used for each extended
period (for example a representative temperature value can
be calculated for each hour within the extended period) or if
the raw temperature reading data is used without generating
representative temperature values, preferably with irrelevant
and faulty data first being filtered out.

[0537] With the use of a 3-day rolling average, a tempera-
ture change event occurring on day n could be detected on
day n+3 (when the data for calculating the value on day n+2
is available). This would enable the temperature change
event to be reported to the user within 3 days of the
temperature rise having started, which is likely to be the day
of ovulation.

[0538] In alternative, but related embodiments, use of a 5
day rolling average taking into account data from 3 days
before the day in question to one day after the day in
question, that is from day n-3 to day n+1, would also be able
to reliably identify a temperature change event 3 days after
it started. Hence the user would be informed of probable
ovulation on the day of ovulation itself. This may be useful
since, once an ovulation event has been detected, the user is
aware that they are entering a non-fertile period. The user
can then potentially stop using the device until after their
next menstruation, which may make the device more con-
venient for the user since it reduces the number of days in
the ovulatory cycle on which the user needs to use the
device.

[0539] The skilled person will appreciate that the embodi-
ments described above may also be combined to improve the
accuracy and speed of the temperature change detection. For
example, a 3-day rolling average may be used to obtain a
working representative temperature value for the past 2
days. This working representative temperature value may be
updated and refined into a final representative temperature
value as more data becomes available in subsequent days,
for example by recalculating the value to be formed from a
5 day rolling average. In this way, the accuracy of the
longer-term representative temperature values can be main-
tained while obtaining a more up to date prediction of the
temperature change and an associated ovulation event.
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[0540] The skilled person will appreciate that similar
methods of smoothing the temperature data may also be
employed in other embodiments on the raw data itself,
preferably on the filtered raw data. Hence such embodiments
may omit the step of calculating a representative tempera-
ture reading for an extended period. In such embodiments,
the data may be smoothed or averaged using a larger number
of data points but preferably still over the 3 or 5 day time
windows described above.

[0541] Analysis using Representative Temperature Values
[0542] Once the representative temperature values have
been determined, and preferably adjusted using weighted
mean techniques as described above, the data can then be
analysed to determine an indication of the date of ovulation
by finding a consistent temperature rise. Two approaches to
doing this are described below: the use of thresholds and
pattern matching.

[0543] One way of determining an ovulation event within
the female mammal is the “3 over 6 rule” in which an
ovulation event is indicated when three consecutive repre-
sentative temperature values are registered, all of which are
above the average of the representative temperature values
of the last six preceding days. WO-A2-2008/029130
describes a “3 over 3 rule” which can enable ovulation to be
detected even if data is not available for all 6 preceding days.
However, using such methods, it is clear that an ovulation
event cannot be indicated until at least 3-4 days after a
temperature rise has started. While these methods can pro-
vide a useful and accurate indication of when an ovulation
event may occur during the next cycle, the indication is
usually too late for fertilisation of an egg to occur within the
present menstrual cycle.

[0544] While techniques described herein are primarily
related to identifying a temperature rise of at least 0.3° C.
over a period of 3 days, it is noted that a prediction of
sufficient accuracy may be obtained by identifying a tem-
perature rise of 0.2° C. Identification of a temperature rise of
0.2° C. may be used to provide a user with an initial
indication of ovulation at an earlier time, but at a lower
accuracy level, and this initial indication may be later
confirmed at a higher level of accuracy or overturned when
further data is available.

[0545] Thresholds

[0546] As described in WO-A2-2008/029130, in one
embodiment, the mean of at least three consecutive repre-
sentative temperature values is obtained and compared with
the following 3 representative consecutive representative
temperature values. If the following 3 consecutive tempera-
ture values are higher than the mean, ovulation is deemed to
have taken place on the corresponding to the first represen-
tative temperature value. If not, the analysis is repeated but
this time the mean is obtained from 4 consecutive represen-
tative temperature values. If ovulation is not detected the
analysis is repeated again but this time the mean is obtained
from 5 consecutive temperature values, then from 6, 7, 8, 9,
10, etc until ovulation is detected or the end of the cycle is
reached.

[0547] In order for ovulation to be deemed to have
occurred the 3 consecutive representative temperature val-
ues should be higher than the mean (the “cumulative mean”
described above) by more than a pre-set threshold amount.
That threshold amount should be set at a value which
provides for reliable detection of genuine ovulations with
the minimum of false positives. Preferably the threshold



US 2019/0110692 Al

value is from 0.08 to 0.25° C., more preferably from 0.09 to
0.24° C., more preferably from 0.10 to 0.23° C., more
preferably from 0.11 to 0.22° C., more preferably from 0.12
to 0.21° C., more preferably from 0.13 to 0.20° C., more
preferably from 0.14 to 0.18° C., more preferably from 0.15
to 0.17° C., more preferably from 0.16 to 0.17° C., most
preferably 0.1667° C. If, according to the this method, more
than one apparent ovulation is detected, further analysis may
be used to decide which apparent ovulation is most likely to
correspond to the true ovulation. Fither the analysis of the
representative temperature value may be repeated with an
incrementally increased pre-set threshold value (as
explained above) until only a single apparent ovulation
event is detected, or the timing of the multiple apparent
ovulation events is considered and the event occurring
nearest to the expected day of ovulation (calculated from
data obtained from prior cycles—or if not available from
population averages) is chosen as the day of true ovulation.
[0548] Preferably, the method used may be further
enhanced by using historical data and a Bayesian approach
to evaluation or to prediction. ‘Prior’ (historical) data can be
provided either from population data available in the litera-
ture or from data available from previously recorded cycle/s
for the individual female mammal or preferably from both
population data and from the individual female’s previous
cycle or cycles.
[0549] Pattern Matching
[0550] In an alternative embodiment, or as a complement
to the threshold analysis described above, pattern matching
techniques may also be used to identify a consistent rise in
temperature commensurate with an ovulation event having
occurred.
[0551] Pattern matching techniques that may be employed
can include:
[0552] Fitting a linear slope to the data
[0553] Frequency transformation analysis (such as Fou-
rier Transform Techniques) to determine where the
temperature change event occurs in the data
[0554] Matching with patterns of previous cycles, in
particular for the same woman
[0555] Using the marker a “dip” in the temperature
readings where this is seen, particularly as a bonus
indicator
[0556] Historical data may also be incorporated into
pattern matching techniques (whether this is average or
user-specific data) to predict a rise in temperature
sooner (for example, by an assessment of whether the
time for an ovulatory cycle has passed since the pre-
vious temperature change event and an assessment of
whether the data is following the usual pattern of
temperature rise for the woman in question or the
population as a whole)
[0557] Output
[0558] Following the analysis of data to identify a poten-
tial temperature rise in the user, information may be output
to the user in several different formats. These may include a
prediction of or an indication of the “fertile period” or a
window of fertility for the user.
[0559] In some embodiments, probabilistic data may be
output to the user. This may be an indication of the prob-
ability of ovulation occurring on a particular day or the
probability of the woman being fertile at a particular time.
This may take the form of spot-data, for example “there is
a 70% likelihood of ovulation in next 24 hours™ or may take
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a more graphical form, for example a graph of % likelihood
of being fertile over the cycle stretching from close to 0%
fertility to close to 100% fertility on ovulation day.

[0560] In a further embodiment, the device may simply
indicate the absence of ovulation in a particular cycle and
therefore provide an indication to the user as to whether they
are “still” fertile.

[0561] User-Adaptive Algorithm

[0562] In a particular preferred embodiment, the data
analysis algorithms may be user-adaptive. In particular,
pattern matching algorithms may be adaptable to enable
them to learn characteristics of a particular user’s tempera-
ture curve, or the temperature “signature” of the user. This
may be used to provide an earlier indication of a temperature
change event since the algorithm may recognise at an earlier
stage the beginning of a temperature change “signature” for
the user. Alternatively, or in addition, use of such a user-
adaptive system may increase the certainty of the tempera-
ture change prediction for a particular day.

[0563] Use of Secondary Sensors

[0564] In particular embodiments, the temperature read-
ings described herein may be further supplemented or
enhanced by the use of secondary sensors, which may be
provided in conjunction with the system described herein,
either on the indwelling unit itself or in a separate secondary
device.

[0565] In particular embodiments, the indwelling tem-
perature unit may be implemented in conjunction with one
or more of:

[0566] a skin temperature sensor or oral sensor—in
particular to provide an indication of the body tem-
perature on days when the indwelling sensor is not used

[0567] one or more accelerometers—these may be used
to measure movement of the user, which can enable the
body temperature reading to be adjusted for the user’s
activity level

[0568] heart/pulse rate monitor—such a monitor may
also provide a measure of activity levels of the user

[0569] luteinizing hormone (I.H) test—this may be pro-
vided as a sensor or may be an indicator that advises the
user when an LH test should be performed. In this case,
the temperature sensor data can be used to predict the
timing of when an LH test can usefully be performed.

[0570] Progesterone/Oestrogen—sensors may be pro-
vided to supplement the temperature data since these
hormones are also known to follow a cyclical pattern
over an ovulatory cycle.

[0571] pH sensor—sensors may be provided to supple-
ment the temperature data since pH levels are also
known to follow a cyclical pattern over an ovulatory
cycle.

[0572] impedance sensor—sensors may be provided to
supplement the temperature data since impedance is
also known to follow a cyclical pattern over an ovula-
tory cycle.

[0573] In particular embodiments, the temperature read-
ings described herein may be further supplemented or
enhanced by a measure of a hormone level in the female
user. In particular, hormones such as oestrogen, estradiol and
progesterone may be monitored. Progesterone may be moni-
tored using a urinary progesterone test. Such measures of a
hormone level may be used to increase the reliability of
results derived from the temperature change analysis. Alter-
natively, or in addition, analysis of a hormone level on a
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particular day can be used as a substitute for the temperature
readings, for example if the user forgets or chooses not to
use the temperature sensor on a particular night or if the
temperature data is found to be unreliable for example due
to illness in the user.

[0574] In further embodiments, the temperature data may
be used to predict and indicate to the user the appropriate
timings for further test relating to ovulation. For example, a
test for luteinizing hormone (LH) can be helpful in predict-
ing ovulation if it is performed at the correct time in the
ovulatory cycle. While LH levels can be monitored using a
urine test, accurate testing for this hormone is usually a more
complex, expensive and invasive process, requiring blood
tests and involvement of trained medical personnel. There-
fore, it can be advantageous to use the temperature sensing
methods described herein to identify the window of time in
which LH levels should be monitored.

[0575] Similarly, ultrasound techniques are often used to
identify the timing of ovulation in a female. However, to
obtain the most accurate information would require the
woman to attend a medical centre regularly to obtain an
ultrasound image of her ovaries. This is expensive and often
impractical. However, the system described herein can be
used to help to identify the optimal day on which to employ
ultrasound techniques.

[0576] Progesterone Monitoring

[0577] The temperature monitoring systems and methods
described herein can also be used to monitor other aspects of
the health of a female human user.

[0578] In particular, it has been found that there is a
correlation between the basal body temperature and the
levels of progesterone in a female human. Hence tempera-
ture readings obtained using methods described herein may
be used as a proxy to provide an indication of progesterone
levels in the user.

[0579] In particular, characteristics of the change in basal
body temperature may be used to determine levels of
hormones such as progesterone. Such characteristics may
include an absolute change in the temperature over the
plurality of days, a rate o f change of the temperature over
the plurality of days, a maximum or minimum temperature
during the plurality of days and/or a maximum rate of
change of the temperature over the plurality of days. For
example, an increase in temperature of between 1 and 2%
over a 3 day period may indicate a corresponding rise in the
levels of progesterone in the body.

[0580] It is noted that an increase in progesterone levels in
a female human user who is in the very early stages of
pregnancy is indicative in some woman of an increased
likelihood of miscarriage. Therefore, monitoring the levels
of progesterone by applying the temperature measuring
techniques described herein may provide a straightforward
way to monitor the progression of a pregnancy.

[0581] Further Examples

[0582] FIG. 2 shows temperature readings taken every five
minutes using an intravaginal indwelling temperature mea-
suring device from an individual woman over two consecu-
tive days (10 and 11 June). This 48 hour period encompassed
both day time periods when the woman was awake and
active and overnight periods when the woman was asleep—
the bar at the bottom of the graph shows when the woman
was awake and when she was asleep. It can be seen from the
graph that the overnight temperature readings when the
woman was asleep are subject to fewer fluctuations. This is

Apr. 18,2019

because they are subject to fewer irrelevant temperature
changes. This data suggests that it may be preferable to
obtain representative temperature values from temperature
readings obtained during an overnight time period when the
woman is asleep.

[0583] The conclusion drawn from FIG. 2 is reinforced by
the data shown in the table below which compares the
standard deviation (SD) of temperature readings taken every
5 minutes both during the day and during an overnight time
period when the subject was asleep. Data is presented for
two different women (subject 1 and subject 2) over two
24-hour periods for each woman.

[0584] FIG. 3—Comparison of alternative representative
temperature values

[0585] Lines A to E of FIG. 3 plot data derived from
temperature readings taken every 5 minutes from an
indwelling temperature recording device (“personal sensor’)
placed intravaginally in a woman from day 9 to day 26 of her
cycle. In all cases the reading obtained during overnight
periods was processed according to the invention to give a
single representative temperature value for each day of the
cycle.

[0586] Line F plots a once-daily oral temperature reading.
[0587] The woman from whom the data was derived was
of normal fertility and the cycle shown was an ovulatory
cycle. One therefore would expect to see first a temperature
slight dip and then a temperature rise as the cycle processes.
[0588] Line F shows that the oral temperature readings
show a great deal of fluctuation which is because of the
influence of erroneous or irrelevant data.

[0589] Lines A and E show less of such fluctuations and
therefore demonstrate the advantages of taking multiple
overnight temperature readings using an indwelling device.
[0590] Lines A and E are plotted from representative
temperature values that are obtained, respectively, from the
maximum and minimum temperature readings obtained dur-
ing each extended period. It can be seen that in comparison
to lines B to D, lines A and E show a high degree of
unwanted fluctuations and therefore contrary to what is
taught in DE 3342251, the use of maximum and minimum
temperature readings as representative temperature values
has drawbacks and is not to be preferred.

[0591] Lines B, C and D show, respectively, representative
temperature values obtained from the median, mean and 25
percentile of the temperature readings in each extended
period. It can be seen that the mean, median and 25
percentile are all better representative temperature values
over the maximum and minimum, and that the 25 percentile
(line D) is better than the other representative values plotted
in the graph because it shows fewer fluctuations and corre-
sponds most closely to the woman’s true core temperature.
[0592] FIG. 4 shows temperature readings obtained from
a woman during overnight time periods spanning a single
ovulatory cycle. Ovulation took place at day 16. The tem-
perature readings plotted demonstrate that the method and
device of the invention is sufficiently sensitive to detect not
only the [LH-associated temperature rise but also the pre-
ovulatory temperature dip which is associated with a rise in
oestradiol levels.

[0593] FIG. 5 illustrates the operation of the system
according to one embodiment. During the first cycle of
operation, the temperature sensor simply collects data from
the user, preferably each night excepting the days of men-
struation. A plot of a typical data set for one cycle is
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illustrated in FIG. 5, although the skilled person will appre-
ciate that the characteristics of the data will vary from user
to user and from one cycle to the next.

[0594] During the first part of the first cycle, there is
insufficient data to make an assessment or prediction of
when the user ovulates, although in some embodiments,
pattern matching to generic data obtained from a plurality of
users may enable some assessment of ovulation dates and
fertility to be obtained. During the preliminary period, the
apparatus simply informs the user that there is “insufficient
data” to predict an expected day of ovulation. However, as
the user’s basal body temperature rises (Point A in the
figure), the system can detect this rise and can determine the
day of ovulation for the user (Point B in the figure). The user
can be informed of the ovulation date by a message on the
apparatus or in associated computer software. If this deter-
mination is made in real-time, then adjustments to the timing
may be made as data is obtained from subsequent extended
periods. Therefore, at the end of the cycle, the system has
stored the ovulation date for that user for cycle 1.

[0595] The first ovulation date can be used to determine an
expected period of fertility in the second and subsequent
cycles, based on a cycle length for an average user or,
preferably when more data is available, a typical cycle
length for the particular user. Therefore, during the first part
of subsequent cycles, the device will provide a prediction of
the dates of the next fertile period for the user.

[0596] At the beginning of the period of maximum fertil-
ity, this prediction may change to a message such as “You
have entered your period of maximum fertility. You will
ovulate on <date>". This period preferably starts around 5
days before the expected date of ovulation for the user.

[0597] Assuming the data shows the expected temperature
rise around the date of ovulation, the device may then inform
the user at the ovulation date “You have now ovulated. Your
next fertile period will be between <date>&<date>".

[0598] It will be appreciated that the more cycles of data
are available, the more accurate the predictions may
become. Also, the date predictions may change during the
cycle itself based on the current temperature data being
obtained from the user.

[0599] It will be appreciated that the data may be dis-
played to the user on many different devices and in many
different forms. In particular, probabilities may be associ-
ated with each of the dates mentioned above (for example,
there is a 70% chance that you will ovulate on Day X). In
other embodiments, the data may be displayed to the user in
a more graphical format, for example illustrating the %
likelihood of conception or ovulation on any particular day.
Alternatively, or in addition, indicator lights may be used,
for example on the temperature sensor itself or on a base
station, to indicate the fertility (green), infertility (red) or
possible fertility (yellow) of the user.

[0600] A method of determining a date of ovulation for a
user according to one embodiment will now be described in
more detail with reference to FIG. 6, which is a schematic
illustration of the variation in temperature for a female
human user over a portion of an ovulatory cycle. The skilled
person will appreciate that the temperature variation pattern
in FIG. 6 is illustrative only and features of the temperature
variation have been amplified for emphasis and ease of
illustration. Furthermore, while many users will share the
key features of the temperature curve shown, there will be

Apr. 18,2019

variation between users for example in the amplitude and
gradient of temperature changes illustrated.

[0601] The temperature curve of FIG. 6 is a smoothed
best-fit curve using data that has been filtered to remove
faulty or irrelevant readings. The raw data would show
significant noise and variations in the readings from the
smooth curve that is illustrated.

[0602] The temperature data illustrated in FIG. 6 shows a
characteristic dip 610 in the temperature of the user several
days prior to ovulation. The amplitude and number of days
over which the temperature dip occurs will vary between
users and may not actually appear in the temperature curves
of all users. However, around 3 days prior to ovulation, the
temperature readings for the user start to rise. The point at
which the rise in temperatures begins to occur may be
termed the “onset of phase change” or OPC. For the user, the
phase is changing from the follicular phase, characterised by
a generally lower basal body temperature, to the luteal
phase, during which ovulation occurs, which is characterised
by basal body temperatures averaging 0.2 degC. to 0.7 degC.
(typically 0.5 degC.) higher.

[0603] Ovulation occurs for most cycles in most users
with a mean centering 3 days after the OPC, and with a
Gaussian distribution of results either side of this 3 day
mean, indicating that it is a reliable average figure. This can
be seen by comparing the day on which OPC is seen in the
temperature data to the date of ultrasound scans that show
ovulation in the same cycle for the same user. Ultrasound
“folliculometry” scans can be used to measure the size of the
follicle using a 20 mm cut-off to indicate that ovulation will
occur within the next 24 hours. Serial ultrasound scans allow
a clinician to establish the pattern and speed of growth of the
follicle, and to occur that ovulation has occurred (by being
able to see the collapsed previously dominant follicle in an
ovary). However, ultrasound scans have the drawback of
being spot tests. Hence, unless scans are taken at least once
a day on consecutive days and a dominant follicle is
observed prior to collapse and the next day after collapse it
is impossible to establish the date of ovulation.

[0604] In the present system, the OPC is determined based
on the temperature data obtained from the user by identify-
ing a meaningful temperature rise within the data over
consecutive extended periods. When a temperature rise, in
particular a temperature rise having a gradient above a
threshold level, is detected, the system determines whether
this rise is likely to be associated with an ovulation event by
determining whether the temperature rise is sustained over
the following days. In particular, as described in more detail
below, at least one, and preferably two or more, represen-
tative temperature values are obtained over each of at least
two extended periods following OPC to confirm that the
temperature of the user continues to rise.

[0605] In more detail, in order to determine reliably the
temperature profile of a user in a particular embodiment,
each extended period is divided into two windows. These
may be windows of time within each extended period, for
example 11 pm to 3 am and 3 am to 6 am, or may be formed
by dividing the available filtered data into equal portions.
For example, if reliable data was obtained only from 12
midnight to 5 am one night, then this data could be split into
equal portions. Therefore, based on the filtering and aver-
aging methods described above, two representative tempera-
ture values can be obtained for each extended period.
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[0606] These representative temperature values are then
used to monitor how the temperature of the user changes
over successive extended periods. In particular, a 5 point
average of the representative temperature values can be used
to determine a measure of the temperature during a particu-
lar time window of an extended period. The average is
preferably weighted according to how many non-disre-
garded temperature measurements are obtained during each
time window. This weighting enables more influence to be
given to representative temperature values that are based on
a larger number of raw data readings. The 5 point weighted
average for the first time window of the extended period uses
the two representative temperature values calculated for the
current extended period, the two representative temperature
values calculated for the previous extended period and one
of' the representative temperature values (preferably the first)
calculated for the following extended period. Therefore, it is
noted that the final 5 point weighted average value for the
temperature during a particular time window of an extended
period is not determined until data is available from the
following extended period. Similarly, for the second time
window of the extended period, a 5 point average is deter-
mined based on one representative value from the previous
extended period, the two from the current extended period
and one from the following extended period. Therefore, for
each extended period having two time windows, two aver-
age values are determined. It is the change in these average
values that is then monitored by the system to identify the
onset of an ovulation event, as described in more detail
below.

[0607] The change in the weighted average is periodically
assessed, optionally at least once every extended period,
preferably each time a new average is determined, to deter-
mine whether the data collected indicates that the onset of
ovulation has occurred within the preceding few days. An
embodiment of this process is described in more detail
below in which three calculations work in parallel on the
data to determine whether an OPC event has occurred 6
days, 3 days or 2 days ago. The calculations continue to be
performed until one of these events triggers within the cycle.
[0608] A first calculation determines whether the system
can identify in the current data the occurrence of an OPC
event 6 days ago (OPC+6). If the current data is 6 days from
the OPC event, then enough data should have been gathered
over the preceding days, particularly the days since the OPC
event, to identify fairly reliably within the data a sustained
temperature rise that started 6 days ago.

[0609] In particular, the system assesses how the tempera-
ture average has moved over the past 6 days to determine
whether there was an increase in temperature 6 days ago that
has been sustained over the past 6 days. This assessment of
the temperature can be made in two ways; first by assessing
the temperature on each day against a reference temperature
and second by determining whether the temperature rise is
above a predetermined threshold each time the average
moves. In the present embodiment, these two assessments
are combined to determine whether an OPC event occurred
6 days ago. The use of the combination of the two assess-
ment methods provides a greater degree of certainty with
regard to whether the OPC event has occurred than would be
provided by one of these calculations alone.

[0610] In the first test, a reference temperature is deter-
mined for the user from data obtained over a number of days
prior to the 6 days currently under assessment. This refer-
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ence temperature is the average temperature for the user
during her follicular phase, prior to the OPC and the change
to the luteal phase. The moving average of the temperature
is assessed against this reference temperature for each of the
time windows in the preceding 6 days to determine whether
the average remains consistently above the reference tem-
perature by a predetermined threshold. This ensures that the
temperature of the user is remaining consistently high
throughout the 6 day period. The predetermined threshold
may be arranged to increase over the 6 day period, for
example the threshold may rise daily or may be a lower
threshold for the first 2-3 days and a higher threshold for the
last 3-4 days. By the 6” day, the threshold may be at least
0.2degC., preferably at least 0.3 degC.

[0611] In the second test, the assessment of the average
determines by how much the average is moving on a day to
day (or time-window to time-window) basis. For example,
the average calculated from the first time window of the
extended period can be compared to the average from the
first time window of the preceding extended period, or to the
previously-calculated average, to determine whether each
movement of the average meets a threshold value, for
example at least 0.05 degC.

[0612] The threshold values used may change on a daily
basis for each of the preceding 6 days. For example, the
threshold may be larger for the first 2-3 days, when the more
significant rise in temperature might be expected, and may
be smaller for the final 3-4 days, when the temperature is
expected to stabilise at a high level.

[0613] Preferably, the moving average is assessed against
both the reference and moving thresholds and a determina-
tion is made as to whether the data from the preceding 6 days
meets these criteria.

[0614] A probability that the data meets each of the criteria
may be calculated depending on how well the data meets the
thresholds and these probabilities can then be combined to
determine a probability that an OPC+6 event has been
detected in the data.

[0615] Alternatively, a binary assessment of whether the
data fits each of the reference criterion and the moving
thresholds criterion and an assessment of OPC+6 can be
made if one or both of the criteria are met.

[0616] The use of two criteria in this way can increase the
confidence in the assessment of whether the data indicates
an OPC+6 event, in particular because the two criteria
indicate different things about the shape of the data, both of
which are helpful in identifying an OPC+6 event. The use of
the two methods of assessing the data can be particularly
useful with this temperature data since it is likely to include
a large amount of noise and non-significant variations.
[0617] Ifan OPC+6 event is determined to have occurred,
then the system determines that OPC occurred 6 days ago
and ovulation occurred in the female 3 days after the OPC
event. The system can then inform the user that she has
ovulated and, optionally, give an indication of her date of
ovulation. The user can then stop using the temperature
sensor until after her next menstruation, at the start of the
next ovulatory cycle.

[0618] Ifthe OPC+6 conditions are not satisfied, this event
does not trigger and the system goes on to make a further
assessment of the data to see if it can determine where the
user is in her ovulatory cycle, as described below.

[0619] If OPC+6 is not triggered, the system proceeds to
determine whether an OPC event occurred 3 days ago, by
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making an OPC+3 assessment. The OPC+3 assessment is
made in a different way to the OPC+6 determination. In
particular, the data is assessed against each of a number of
criteria and a score is determined for each criterion accord-
ing to how closely the data meets the criterion. These scores
are then combined to enable the system to make an assess-
ment of whether an OPC+3 event can be triggered. It is
noted that, since ovulation can be deemed to occur 3 days
after an OPC event, triggering OPC+3 in the data can enable
the system to inform the user that ovulation is occurring on
that day.

[0620] Criteria that may be included in the assessment of
whether an OPC+3 event has occurred include:

[0621] whether the representative temperature values
(moving average) have risen by a variable threshold
amount above a reference representative temperature
value, wherein the variable threshold amount differs
based on the number of extended periods since the
reference representative temperature value was deter-
mined. That is, the threshold increases for each day
beyond the time at which the temperature started to rise
above the reference level. The reference level is an
average temperature value determined for the female
during her follicular phase, or during the 3-8 days
preceding the day on which OPC is assumed to have
occurred (the days prior to 3 days prior to OPC+3). This
is one of the more indicative criteria, so is preferably
allocated a larger number of points in the scoring
system.

[0622] whether the moving average has moved by more
than a threshold amount over each of the past 3-6
movements of the average (that is, whether the repre-
sentative temperature values have risen by a threshold
amount during each of the extended periods). In this
case, the threshold value may be constant. This is
another indicative criterion, so also has a larger number
of allocated points in the present embodiment.

[0623] in some embodiments, points may be awarded in
the scoring system if the data from the previous day
indicated, or came close to indicating, an OPC+2 event,
as described in more detail below. Alternatively, the
calculation of OPC+2 and OPC+3 events may be kept
independent to reduce the risk of one false negative
influencing the triggering of another.

[0624] the timing within the female’s ovulatory cycle,
in particular the number of days since the start of the
present cycle.

[0625] the number of days since her last known ovula-
tion event, or last detected temperature change event
for the user.

[0626] a comparison with data from previous ovulatory
cycles from the same user or from other users (in
particular a measure of the similarity with the tempera-
ture profile of the female human user during a previous
ovulatory cycle or a measure of the similarity with an
average or typical temperature profile for a plurality of
female human users during previous ovulatory cycles).

[0627] the maximum temperature value of the tempera-
ture data during the extended periods;

[0628] the minimum temperature value of the tempera-
ture data during the extended periods;

[0629] the rate of change of the temperature during an
extended period;
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[0630] the rate of change of the temperature between
extended periods;

[0631] the degree to which the rise in temperature
values varies from one representative temperature
value to the next;

[0632] secondary data detected in relation to the female
human user, for example a change in the level of at least
one hormone or a change in temperature determined by
a secondary temperature sensor;

[0633] secondary data received from the female human
user, for example a qualitative or quantitative measure
of cervical mucus, a level of a hormone, a temperature
value obtained from a secondary, external temperature
Sensor.

[0634] Different scores are preferably allocated to differ-
ent criteria depending on how difficult each criterion is to
meet and how indicative the criterion is of an ovulatory
event.

[0635] If the OPC+3 event does not trigger based on the
data from a particular extended period, the system goes on
to determine whether the data reflects an OPC+2 event, that
is whether the data is indicative of an OPC event having
occurred 2 days ago.

[0636] OPC+2 is calculated in a similar way to OPC+3, in
particular with regard to using a scoring system dependent
on whether the data meets a number of criteria. If an OPC+2
event is triggered, it is determined that OPC occurred 2 days
ago, therefore the system can predict, and inform the user,
that ovulation is likely to happen on the following day. Since
the OPC+2 analysis is based on fewer days of information
than OPC+3, the pattern in this data is less likely to indicate
clearly an OPC event and the data is less likely to meet the
trigger conditions. In some cycles, it is possible that OPC+2
will not trigger, for example due to there being too much
noise in the data obscuring the actual events, but OPC+3
may still trigger on the following day.

[0637] It is also noted that, due to the use of the 5-day
moving average, the OPC+2 assessment is using data from
the 4 preceding days (OPC-1 to OPC+2) to determine
whether the moving average has moved sufficiently over the
past 2 days to justify a determination that an OPC event
occurred 2 days ago. A value for the moving average on
OPC+2 cannot be calculated until data is available from the
following day, OPC+3.

[0638] If an OPC+2 event is triggered on a particular day,
then the data generated on the following day is analysed to
determine whether it meets the OPC+3 criteria. If so, then
this can confirm the date of the OPC event (and hence the
date of ovulation). If OPC+3 is not triggered on the follow-
ing day, then the data from each consecutive day continues
to be analysed until OPC+3 or OPC+6 triggers or until the
user indicates that she has reached the end of her ovulatory
cycle. During this time, the indication shown to the user may
be “You are in your ovulatory window” or similar, since it
is likely that an ovulation event is occurring at some time
around this period if OPC+2 triggered. In particular, if
OPC+2 triggered, but OPC+3 does not trigger until 2 days
later, this pushes the timing of the OPC event (and hence the
ovulation date) predicted by the OPC+2 trigger back a day.
As described above, the system uses these multiple methods
and assessment points in parallel. When one first triggers, an
ovulation date is set according to the date of the trigger. For
example, if OPC+2 triggers on 17% January, the system will
set the ovulation date as 18” January. If OPC+3 triggers on
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18" January, then this confirms the date, but it may not
trigger in which case the date is reset at the next point a
trigger occurs.

[0639] However, in some cycles, or for some users, none
of the algorithm methods OPC+2, OPC+3 and OPC+6 will
show a temperature rise with a sufficient gradient to indicate
ovulation is going to or has occurred. If the gradient of the
temperature rise is still not sufficient to identity an ovulation
event at OPC+6, then the system requires the user to
continue use of the thermometer until the start of the next
menstruation at which point the user indicates that men-
struation has started and the system makes an assessment
that the user has not ovulated during that cycle and may
indicate to the user that the cycle was anovulatory. If such
“anovulation” occurs in more than 2 out of 3 cycles, this
indicates a requirement for further discussion with a clini-
cian.

[0640] FIGS. 7a and 75 illustrate schematically two cycles
of data obtained from a particular user.

[0641] FIG. 7a is the first cycle for which the user has used
the device. The user starts to use the device at the end of her
menstruation period 710 on day 6 of her cycle. The sensor
records the temperature at multiple points during one
extended period each day (preferably overnight while the
user is asleep, as described above). One or more, preferably
two, representative temperature values may be obtained
from the filtered data for each extended period, in accor-
dance with one of a method described above.

[0642] For the first few days of the cycle, variations in the
temperature may be observed, but none of the OPC+2,
OPC+3 or OPC+6 events is triggered. The output displayed
to the user by the sensor device or a base station or computer
application associated with the sensor device during this
time is “Insufficient Data” 712 or “Insufficient Data. Keep
Using the Sensor” or similar. At day 11 of the cycle
illustrated in FIG. 7a, the temperature starts to rise. This day
is marked as OPC in FIG. 7a, since it is the day on which
the onset of phase change occurs from the follicular to the
luteal phase which starts with a sustained temperature rise
associated with an ovulation event.

[0643] The OPC temperature event is followed by a sus-
tained rise in temperature as seen in FIG. 7a. The tempera-
ture curve shows the expected gradient for one user for the
pre-ovulatory period. The OPC+2 event triggers at day 13,
the user is advised that they are entering the ovulation
window and ovulation is expected on the following day 714,
in accordance with the methods described above. This can
be determined by assessing that the change in the moving
average of the temperature at day OPC+2 (day 13 in this
case) has been large enough over the preceding days to
trigger the OPC+2 event as described above and therefore
ovulation is likely three days after the OPC event at OPC+3.

[0644] Assuming ovulation is predicted in the present
cycle by the triggering of an OPC+2 or OPC+3 event, as
described above, the device indicates to the user during days
14 to 16 that the user is “In Ovulation Window” 716, since
ovulation is predicted to be occurring at some point during
this window. In the first cycle in which data is collected for
the user, it is difficult for the system to be more precise about
the exact day on which ovulation occurs. Therefore, the
information is presented to the user as an ovulation window,
rather than information relating to an exact day of likely
ovulation, in this first cycle.
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[0645] On day 17, the user output is changed to “Ovula-
tion took place on xxx” 718 or “Ovulation has occurred”,
since sufficient data has then been collected to identify the
OPC event with a greater degree of certainty and the user
then knows they can stop using the sensor until they enter
the next cycle.

[0646] If no ovulation event is determined to have
occurred within the present cycle, the user may continue to
use the device to collect temperature data until the beginning
of their menstrual period. At the start of menses, the user
inputs “new cycle” into the device, its associated reader, or
software associated with the device, and stops using the
device until menses is complete. If no ovulation event is
determined to have occurred in the previous cycle, the user
is informed by the device that the previous cycle was
anovulatory.

[0647] FIG. 74 illustrates schematically data from the
next, or a subsequent, cycle of the same user. The tempera-
ture profile illustrated in FIG. 75 is very similar to that of the
previous cycle, illustrated in FIG. 74, but it is noted that,
even for a particular user, the temperature data obtained for
different cycles may be quite different. However, most
ovulatory cycles will show the features of the OPC followed
by a sustained rise in temperature over a number of days.
[0648] Again, the user starts using the device on day 6,
following the end of their menstrual period. The device now
provides an indication of when the user’s fertile period or
window is likely to start 730. This is based on data obtained
from the last cycle; in particular the time from the start of the
cycle to the detected ovulation date during the previous
cycle.

[0649] In particular, the user will be fertile several days
prior to ovulation (in most cases, around 5 days), so at 5 days
prior to the expected ovulation day, the user is informed that
they are in their fertile window 732. This indication contin-
ues to be displayed throughout the user’s fertile period until
an ovulation event is detected in the current cycle, which
will mark the end of the fertile period.

[0650] As in the cycle described above in relation to FIG.
7a, an OPC event is detected in the cycle of FIG. 75 (due to
the triggering of an OPC+2. OPC+3 or OPC+6 condition)
and t the day of ovulation in the current cycle (3 days after
OPC) can be detected and recorded. Once ovulation has
been detected, the device advises the user of the date of
ovulation 734 and the user can stop using the device until
their next cycle.

[0651] FIG. 8 illustrates a method of processing data
according to one embodiment. In particular, each time new
temperature data is received and new representative tem-
perature values determined, the data is processed in order to
determine whether an OPC+6 event can be detected in the
data. If so, an ovulation date is determined based on the
assessment. If not, the same data is processed to determine
whether an OPC event occurred 3 days ago and an ovulation
date is determined if OPC+3 is triggered. If not, the same
data is processed to determine whether an OPC+2 event is
triggered by the OPC event being detected 2 days ago, If so,
the date of ovulation is determined. If not, the system awaits
the receipt of further data from the next time window or the
next extended period in order to repeat the assessments.
[0652] FIGS. 124 and 125 illustrate changes in represen-
tative temperature values over two cycles for two female
human users. In addition to a temperature change event
indicative or predictive of ovulation, the cycles illustrate a
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number of secondary characteristics that may be indicative
of certain conditions. An analysis of these secondary char-
acteristics and how they might be determined is set out in
more detail following the table.

[0653] The systems and methods described above may be
used to provide information that can be relevant to enable a
male or female user or their physician to analyse their
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medical condition and assist in making a diagnosis. Different
types of sensor may be useful in obtaining information
relating to particular conditions and, in particular, certain
combinations of sensors can enable targeted information to
be obtained.

[0654] Particular embodiments may target areas of
gynaecology, obstetrics and other medical areas, and the
examples below are illustrative only.

TABLE 1

Applications Temperature

Blood Pressure/
ECG

Advance Prediction of Ovulation By finding Onset of Phase Change.
in Realtime Detection of pre-ovulatory dip.
Using more buckets of data, using
daytime data to give earlier
prediction.

Minimum 0.3 degrees celsius rise
over 3 days with min 0.1 degree per
day. Looking for post ovulatory
sustained temperature.

Mimimum 0.3 degrees celsius rise
ovulation over 3 days condition not met.

Detection of Ovulation

Detection of absence of

Diagnosis of Ovulatory Disorders (Described below) 1. "Long" cycle, 2.

including detection of diminished "Oligovulation”, 3. "Late" ovulation,

ovarian reserve (DOR) or risk of 4. "Anovulation”, 5. "Late"

DOR. ovulation with short luteal phase, 6.
Temperature falls to a base line from
start of cycle measurements, 7.
"Single false start” (a "double dip"),
8. "Slow rise"”, 9. "Multiple false
start” (=two or more false starts/a
"triple [or more] dip")

PCOS, Amenorrhea, Stimulated Checking effect of Clomid, Letozole,

Cycle/Fertility Drug Treatment  Progesterone

Management

Timing of IUT or low stimulated Using In Cycle prediction to time visit

or natural cycle IVF to clinic, using fertile window
prediction to time visit to clinic

Menorrhagia, Peri-Menopause,  Checking affect of Mirena coil,

Menopause Cycle Management topical and oral Progesterone,

Estrogen (by seeing if this is affecting

Progesterone levels)

Checking affect of oral

contraception, coil, or use in natural

contraception (NFP/rhythm

method)

Looking for post ovulatory rise in

temperature. Minimum 0.3 degrees

celsius rise POST OVULATION over 3

days.

Risk of Miscarriage or Diagnosis Looking for luteal phase shorter than

of Imminent Miscarriage 10 days, then seeing affect of
administered Progesterone.

Risk of Pre-Eclampsia/Diagnosis Monitoring metabolic rate through

of Pre-Eclampsia temperature

Contraception

Detection of Pregnancy

Obesity & Weight Loss Monitoring calorie burn and

metabolic rate through temperature

High BP in absence
of ovulation would
indicate potential
BP problem

High BP in
amenorrhea would
indicate potential
BP problem

High BP under drug
treatment contra-
indicated

High BP under drug
treatment contra-
indicated

Combined with
changes in BP
and/or arthythmia
Monitoring rapid
rises in BP, rise
between baseline
prior to pregnancy
(while using
OvuSense) and
after pregnancy
Comorbidity.
Reducing BP over
time indicative of
improving co-
morbidity. Rises
indicative of
ineffective
treatment.
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TABLE 1-continued
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Blood Pressure/

Applications

Temperature ECG

Risk of Diabetes Mellitus Monitoring calorie burn and

metabolic rate through temperature

Comorbidity.
Reducing BP over

time indicative of
improving co-
morbidity. Rises
indicative of
ineffective
treatment.

Risk of Insulin Resistance Monitoring calorie burn and

metabolic rate through temperature

Comorbidity.
Reducing BP over

time indicative of
improving co-
morbidity. Rises
indicative of

ineffective
treatment.
Sleep Apnoea/Sleep Phases Diurnal patterns in combination with Heart Rate and
movement Heart Rate

variability over time
are particularly
indicative of sleep
phases.

Disease Onset/Pyrexia/Early
Disease Detection, including
cancer

Cancer treatment, including
chemotherapy/radiotherapy

Looking for uncharacteristic
temperature rises

Circadian timing of anti-cancer
medications and treatment

Combined with
changes in BP

and/or arrhythmia

Heart Attack Risk/Onset of Heart Looking for uncharacteristic massive

Attack temperature rises, or temperature
falls

Detection of acute infection, e.g. Looking for uncharacteristic

onset of Sepsis or post-operative temperature rises, or temperature

Sepsis falls

Drug Side Effect Warning

Combined with
changes in BP
and/or arrhythmia
Combined with
changes in BP
and/or arrhythmia
Low BP is a contra

indication for
administered
Progesterone

[0655] Where applicable, the underlined factor is consid-
ered to be the primary parameter.

[0656] Hence it can be seen that detection of a particular
combination of parameters using a particular combination of
sensors can be indicative of a particular condition. Some of
these health conditions are relevant only to female users of
the system, however, many of them are equally applicable to
male and female users.

[0657] Other parameters that can be monitored include
heart rate and heart rate variability, VO2, Movement, ECG
(electrocardiogram), EEG (electroencephalography), EMG
(electromyography), pH (in particular by adaptation of the
vaginal sensor), electrical impedance (in particular by adap-
tation of the vaginal sensor). Particular criteria arising from
these parameters can be used to determine information
relating to the subject user.

[0658] Further Analysis

[0659] Once representative temperature values have been
obtained for substantially the whole pre-menses part of a
cycle, the pattern of change within the temperature data can
be analysed to determine whether an unusual or abnormal
signature appears within the temperature change pattern.
Some such signatures may be indicative of particular medi-
cal conditions and some of these are discussed below with
reference to FIGS. 12a and 12b. However, the methods
described herein are also helpful even if the user has been
diagnosed already with a condition such PCO or PCOS,

since understanding the pattern of change of temperature can
be useful in determining the best course of action for
treatment.

[0660] The temperature data is assessed to determine
whether there are patterns within it that match the math-
ematical conditions that correspond to each of the situations
below. If so, the system outputs an indication that the
particular pattern is found within that cycle of data. It is
noted that satisfaction of a particular mathematical condi-
tion, or set of conditions, below does not provide a direct
diagnosis of any particular medical condition, but such
indications can be useful in providing information to a user
or her physician to support a diagnosis.

[0661]

[0662] The long cycle condition is fulfilled if the tempera-
ture data indicates 2 or 3 consecutive cycles that are over 35
days in length. Long cycles are likely to occur with PCO and
PCOS, and this information can be useful for diagnosis of
both and indicative that the user should be observed more
closely.

[0663]

[0664] The system determines a condition of oligovulation
if no ovulatory event is indicated in 2 or 3 consecutive
cycles. Oligovulation is likely to occur with PCO and PCOS
and its identification can be useful for diagnosis of both, and
can be useful for indicating the need for treatment

1. “Long” Cycle

2. “Oligovulation”
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[0665] 3. “Late” Ovulation

[0666] Late ovulation is determined for any ovulation
event that occurs more than 65% of the way through the
cycle e.g. day 20 or more in a 30 day cycle. Late ovulation
is likely to occur with PCO and PCOS and is useful for the
diagnosis of both. An indication of the timing of ovulation
within the cycle is also useful for informing a user of when
intercourse is most likely to result in a natural pregnancy. It
can also be useful for scheduling the timing and type of
treatment if an intervention is necessary.

[0667] 4. “Anovulation”

[0668] A determination of anovulation can be made if no
ovulation event is detected for 180 days or more, with or
without menstruation. This is likely to occur with PCOS
only and can be particularly useful information to provide
for the diagnosis of PCOS. The absence of menstruation
alone is often assumed to mean that no ovulation takes place,
but this is not the case.

[0669] 5. “Late” Ovulation with Short Luteal Phase
[0670] This is determined in the situation where ovulation
occurs 9 days or fewer before a subsequent onset of men-
struation. The shorter this luteal phase, the more likely there
is to be a problem and therefore, it is particularly useful for
the user or physician to be provided with a numerical
indication of the length of the luteal phase. These charac-
teristics can be seen in the temperature cycle of FIG. 12a in
which ovulation occurs late in the cycle 16, around day 26
of'a 32 day cycle, and in which the luteal phase is short 18
(only around 6 days).

[0671] A short luteal phase is likely to occur with PCOS
(but is less likely with PCO) and is useful for diagnosis of
PCOS. This information is also useful to adjust the timing of
intercourse for natural pregnancy. Finally, a short luteal
phase also carries a higher chance of miscarriage, so this
information is also indicative of treatment if pregnancy is
achieved.

[0672] 6. Temperature Falls to a Base Line from Start of
Cycle Measurements

[0673] Such a pattern in the temperature data is indicative
of the absence of a progesterone crash, and higher than
normal levels of progesterone in the follicular phase. This
pattern can be seen in the temperature data of FIG. 12a,
which shows a cycle in which it takes around 17 days from
the beginning of the cycle for the temperature to fall to a
baseline level 10. Such a pattern is likely to occur with
PCOS (but is unlikely with PCO) and is particularly useful
in the diagnosis of PCOS. This information about the
temperature pattern can also be useful for indicating a
possible need for treatment, and for the timing of any
necessary treatment.

[0674] 7. “Single False Start” (a “Double Dip”)

[0675] This condition is met if the temperature data dem-
onstrates a pattern of one rise in temperature followed by a
fall prior to 3 days of continuous rise and a subsequent later
rise of 3 days or more indicating ovulation. This pattern is
indicative of a luteinising hormone surge, followed by a rise
in progesterone but with insufficient concentration/time to
result in ovulation. This is likely to occur with PCO and
PCOS and is useful information in the diagnosis of PCO and
PCOS and for indicating a possible need for treatment and
the timing of any necessary treatment.

[0676] FIG. 126 illustrates temperature data from a user
over her cycle in which a “false start” condition is evident
50. In this case, the user’s temperature dips at around day 9
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of the cycle and then starts to rise in a pattern that would be
indicative of ovulation except that the temperature then dips
again from days 13-16 before rising more consistently to the
point of ovulation at day 21. Urinary LH testing was
performed within the same cycle, however these tests posi-
tively indicated the presence of LH around day 13. Since LH
is often used as an indicator of ovulation, this result along
would have given an incorrect indication of the date of
ovulation.
[0677] 8. “Slow Rise”
[0678] In some cases, the temperature pattern may show a
rise in temperature over 3 or more consecutive days which
results in no ovulation or is followed by a fall and a later
ovulation. The slope of the temperature rise of such a pattern
is less than 0.1 of a degree Celsius per day but more than 0.0
degrees Celsius per day. This characteristic 14 can be see in
FIG. 12a between days 15 and 21. Such a pattern is likely
to occur with PCOS (and can more occasionally occur with
PCO). It is therefore useful for diagnosis of PCO and PCOS
and can be useful for indicating a possible need for treat-
ment, and the timing of any necessary treatment
[0679] 9. “Multiple False Start”(=Iwo or More False
Starts/a “Triple [or More] Dip”)
[0680] This would be indicated by two or more rises in
temperature followed by a fall prior to 3 days of continuous
rise and a subsequent later rise of 3 days or more indicating
ovulation. Such a pattern is indicative of a luteinising
hormone surge, followed by a rise in progesterone but with
insufficient concentration/time to result in ovulation. Such a
characteristic is illustrated in the temperature cycle of FIG.
124 in which there are two false starts 12, around days 7 and
14 of the cycle, before the temperature rise becomes a
sustained temperature rise, starting at around day 21, and
leading to ovulation on around day 26. This pattern may
occur with PCO and PCOS and can therefore be useful for
diagnosis of PCO and PCOS, useful for indicating a possible
need for treatment, and for indicating the timing of neces-
sary treatment.
[0681] In aparticular embodiment, the system can be used
to analyse the pattern of changes in temperature data to
determine a likelihood of the user having PCOS or PCO.
Polycystic Ovarian Syndrome (PCOS) is a very common
condition that affects up to one in 10 women of child bearing
age. It is sometimes but not always accompanied by Poly-
cystic Ovaries (PCO), which is thought to affect around one
in five women. With PCO, many (poly) follicles (cysts)
develop within the ovary without necessarily rupturing. If a
follicle doesn’t rupture then no ovulation takes place.
[0682] Around half of the cases of PCO and PCOS are
thought to go undetected. A doctor can tell if you have PCO
by carrying out an ultrasound scan. Diagnosis of PCOS is
more complex. Typically, PCOS is considered to be present
if any 2 out of 3 criteria are met:

[0683] a) Irregular ovulation (oligoovulation) and/or

absent ovulation (anovulation).
[0684] b) Excess steroid hormones known as androgens
[0685] c¢) PCO (as determined by ultrasound examina-
tion)

[0686] If a user has PCO or PCOS, their cycles are likely
to last 36 days or longer, and they can often become
irregular. You may menstruate infrequently, making it
impossible to know when ovulation occurs, and as result it
can be very difficult to plan for a pregnancy. The system
described herein can be used to predict ovulation up to one
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day in advance in real time in each cycle, and confirm the
exact day (or absence) of ovulation with 99% accuracy.
[0687] In contrast, clinical studies have shown OPKs
(Ovulation Predictor Kits) don’t work very well if you have
PCOS. Women with PCOS often have varying levels of the
Luteinising Hormone (LH) they measure, resulting in wrong
results for many, with a particular likelihood of a false
positive result showing an ovulation when none takes place
in women with PCOS who are not overweight. By measur-
ing the direct effect on the body of ovulation, the system
described herein avoids the issues associated with OPKs.
[0688] PCO to PCOS is now seen by clinicians as a
spectrum of conditions ranging in principle from “mild”
PCO where a woman produces more follicles than normal
(usually there are around 8-10 visibly maturing follicles per
ovary, and this grows to around 20 follicles under stimula-
tion) to strongly evident PCOS.

[0689] Mild PCO might result in 10-15 follicles per ovary.
A “dominant”, lead, follicle that is expected to rupture in the
next cycle will usually measure 20 mm before rupture. In
PCO, follicles, including the “dominant” follicle tend to
grow larger as well. A woman with mild PCO is likely to
have regular cycles of 26-32 days, possibly missing ovula-
tion 1-4 times per year.

[0690] Strongly evident PCOS is most usually identified
first by observation of obesity (BMI >30) and hirsutism (the
strongest indication of androgeny), or other factors such as
acne and/or male pattern baldness, combined with irregular
cycle patterns. In the worst cases women will not menstruate
for up to two years. However, they often do ovulate even
without menstruation and conception is still possible.
[0691] One important factor used in the present system
lies in the fact that temperature tracks Progesterone levels,
and the start and end of cycles is noted by means of the
“New Cycle” function.

[0692] With a particular embodiment, a resolution of
reading (using a thermistor with a 0.005 degrees Celsius
resolution), the nightly use during the non-menstruating
phase of the cycle, the location of reading (vagina), the use
of multiple readings, the ability to filter out non-physiologi-
cal data and the 5 point moving average of readings for each
night (split into 2 and 1 bucket according to which algorithm
method is being used) means that is the first device which
has ever been able to observe known phenomena associated
with the cycle. It is also this accuracy which enables it to
view absence of ovulation.

[0693] It will be appreciated that other embodiments of
sensors, or groups of sensors, as described in embodiments
above, can be used in the present system.

[0694] In particular, a tympanic aural-based temperature
sensor may be used over extended periods of at least 4 hours,
with readings being taken regularly, for example every 5
minutes, during the extended period. Data from the aural
sensor can, optionally, be supported by data from other
temperature sensors, such as a skin-based temperature sen-
sor.

[0695] In some embodiments, a small number of tempera-
ture readings taken over a short period (a few minutes) for
example using an oral or aural temperature sensor, can be
used to “fill in” data that was not taken using the vaginal
sensor. This method may be useful if data points are missing
for a particular extended period. However, as described in
the co-pending applications, it may be necessary to calibrate
the different temperature sensors and to adjust readings
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taken by other temperature sensors before using them within
the data set of the primary temperature sensor.

[0696] The skilled person will appreciate that many varia-
tions may be provided to the systems and methods described
above within the scope of the claims filed herewith. The
description and drawings provided herewith are intended
simply to illustrate the methods claims and are not intended
to be limiting in any way.

1. A signal processing system for analysing a series of
data values obtained from a physical sensor arranged to give
a digitised output indicative of the basal body temperature
(BBT) of a female human user, wherein the digitised output
has a resolution of at least 0.01° Celsius, the method for
analysing being arranged to identify at least one character-
istic in a change in BBT for the user, the system comprising:

a receiver arranged to receive a series of representative
temperature values comprising at least one representa-
tive temperature value for each of a plurality of at least
ten 24 hour periods, the at least one representative
temperature value being derived from a set of at least
10 stabilised readings of the temperature of the female
human user, wherein the readings are obtained at
intervals during an extended period of at least an hour;

a memory for storing the series of representative tem-
perature values, wherein the memory has a capacity to
store stabilised readings of the temperature for at least
three extended periods and at least one representative
temperature value for at least 10 extended periods;

a memory for storing a plurality of further predetermined
criteria, wherein each criterion is indicative of at least
one physical state of the female human user;

a processor arranged to perform the steps of:

analysing the series of representative temperature values
to determine whether the series includes a temperature
change event indicative or predictive of ovulation;

generating an ovulation indicator based on the analysis;

analysing the series of representative temperature values
to identify a timing for a temperature change event
indicative or predictive of ovulation;

generating a timing indicator based on the analysis;

further analysing the series of representative temperature
values to determine whether the series meets at least
one of the further predetermined criteria;

generating at least one further indicator based on deter-
mining whether the series meets at least one of the
further predetermined criteria; and

processing the ovulation indicator, the timing indicator
and the at least one further indicator to generate an
output indicative of a physical state of the female
human user.

2. The signal processing system according to claim 1
wherein the output indicative of a physical state comprises
a suggestion of an action to be taken by the user or a
physician associated with the user.

3. The signal processing system according to claim 1
wherein the at least ten 24 hour periods comprise consecu-
tive 24 hour periods.

4. The signal processing system according to claim 1
further comprising a processor arranged to generate an
identifier of the female human user, and a memory for
storing the identifier of the female human user together with
the series of representative temperature values.

5. The signal processing system according to claim 1
wherein the representative temperature values within the
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series of representative temperature values are all obtained
within a single menstrual cycle for the female human user.

6. The signal processing system according to claim 1
further comprising a processor arranged to analyse a plu-
rality of series of representative temperature values, wherein
each series of representative temperature values is obtained
within a single menstrual cycle for the female human user
and wherein analysing the plurality of series comprises
analysing each series of representative temperature values to
determine whether each series meets at least one of the
further predetermined criteria and generating an output
based on the proportion or number of series of representative
temperature values that meet the at least one predetermined
criteria.

7. The signal processing system of claim 1 wherein the
output indicative of a physical state of the female human
user comprises a probability that the series of representative
temperature values meets at least one of the predetermined
criteria.

8. The signal processing system of claim 1 wherein the
timing indicator comprises the number of 24 hour periods
between the start of a cycle and the temperature change
event indicative or predictive of ovulation.

9. The signal processing system of claim 1 wherein
further analysing comprises determining a cycle length
based on the time between the start of a first cycle and the
start of the subsequent cycle for the female human user,
wherein the further criterion comprises the cycle length
being greater than 35 days.

10. The signal processing system of claim 1 wherein the
receiver is arranged to receive a series of representative
temperature values for at least two cycles for the female
human user and wherein further analysing comprises deter-
mining whether the cycle length is greater than 35 days for
at least 2 consecutive cycles.

11. The signal processing system of claim 1 wherein the
receiver is arranged to receive a series of representative
temperature values for at least two cycles for the female
human user and wherein further analysing comprises deter-
mining that no temperature change event indicative or
predictive of ovulation occurs for at least 2 consecutive
cycles.

12. The signal processing system of claim 1 wherein
further analysing comprises assessing the timing indicator to
determine whether the temperature change event indicative
or predictive of ovulation indicates that ovulation occurs
more than 65% of the way through the cycle.

13. The signal processing system of claim 1 wherein the
receiver is arranged to receive a series of representative
temperature values extending over at least 180 days for the
female human user and wherein further analysing comprises
determining that no temperature change event indicative or
predictive of ovulation occurred within the 180 days.

14. The signal processing system of claim 1 wherein
further analysing comprises determining the time between a
temperature change event indicative or predictive of ovula-
tion and the onset of menstruation and wherein the further
criterion comprises the time being 9 days or fewer.

15. The signal processing system of claim 1 wherein
further analysing comprises determining a difference
between the temperature at the start of the cycle and a
baseline temperature for the female human user and wherein
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the criterion comprises determining whether the temperature
at the start of the cycle is significantly higher than the
baseline temperature.

16. The signal processing system of claim 1 wherein
further analysing comprises determining whether the tem-
perature change event indicative or predictive of ovulation is
preceded by one or more partial temperature change events.

17. The signal processing system of claim 1 wherein
further analysing comprises determining whether the series
of representative temperature values exhibits a rise in tem-
perature of less than 0.1 degrees Celsius each day over a
period of three or more 24 hour periods.

18. The signal processing system of claim 1 further
comprising analysing the series of representative tempera-
ture values against a plurality of the predetermined criteria
and generating the further indicator based on whether the
series of representative temperature values meets each of a
plurality of the predetermined criteria.

19. A signal processing method for analysing a series of
data values obtained from a physical sensor arranged to give
a digitised output indicative of the basal body temperature
(BBT) of a female human user, wherein the digitised output
has a resolution of at least 0.01° Celsius, the method for
analysing being arranged to identify at least one character-
istic in a change in BBT for the user, the method comprising:

providing, for each of a plurality of at least ten 24 hour
periods, at least one representative temperature value,
the at least one representative temperature value being
derived from a set of at least 10 stabilised readings of
the temperature of the female human user wherein the
readings are obtained at intervals during an extended
period of at least an hour and wherein the representa-
tive temperature values form a series of representative
temperature values;

storing in a memory the series of representative tempera-
ture values, wherein the memory has a capacity to store
stabilised readings of the temperature for at least three
extended periods and at least one representative tem-
perature value for at least 10 extended periods;

analysing the series of representative temperature values
to determine whether the series includes a temperature
change event indicative or predictive of ovulation;

generating an ovulation indicator based on the analysis;

analysing the series of representative temperature values
to identify a timing for a temperature change event
indicative or predictive of ovulation;

generating a timing indicator based on the analysis;

storing in a memory a plurality of further predetermined
criteria, wherein each criterion is indicative of at least
one physical state of the female human user;

further analysing the series of representative temperature
values to determine whether the series meets at least
one of the further predetermined criteria;

generating at least one further indicator based on deter-
mining whether the series meets at least one of the
further predetermined criteria; and

processing the ovulation indicator, the timing indicator
and the at least one further indicator to generate an
output indicative of a physical state of the female
human user.
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20. A non-transitory computer-readable storage medium
storing instructions which when executed by a processor,
causes the processor to perform the method according to
claims 19.

21.-47. (canceled)
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