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Description

[0001] This invention relates to a data logger device
for in-situ measurement of one or more physical param-
eters, to a system for in-situ measurement of one or more
physical parameters, to a system for determining the
point of ovulation in a female, and to a system for in-situ
measurement of temperature.

[0002] Data logger devices for measuring and storing
physical parameters are widely used across the engi-
neering and scientific worlds. Such devices allow the au-
tomated monitoring of physical parameters in-situ over
long timescales, in difficult to reach locations or in envi-
ronmentally dangerous conditions - situations in which
manual measurements may be inconvenient or overly
time-consuming.

[0003] One such data logging system that has been
developed is the MiniMitter system (http://www.minimit-
ter.com) for logging temperature. However the cost of
the total solution is rather high, and the data logger itself
is rather cumbersome and too large for many applica-
tions.

[0004] In particular, the periodic measurement of var-
ious physiological parameters is essential for many med-
ical conditions, the parameters ranging from body fluid
pressure and conductance to temperature and temper-
ature gradients. Physiological parameters may be meas-
ured "by hand", for example by a doctor or nurse, or may
be monitored by (often expensive) medical apparatus to
which a patient is required to remain connected for the
duration that the measurement in question is required.
[0005] The situation is even more acute for those peo-
ple who are required to measure certain physiological
parameters in a home environment (such as diabetics).
Without the support structures in place at a clinic or hos-
pital, patients are more likely to forget to take the required
measurements, or they may find it inconvenient at times,
and they may not be able to afford the medical equipment
in the first place.

[0006] There is therefore a need for inexpensive, au-
tomated logging of physiological parameters by in-situ
measurement devices. Such devices could reduce the
burden on medical staff, reduce the possibility of meas-
urements being missed and, because a device would
remain in-situ at the required measurement location,
would potentially reduce the number of painful or invasive
measurements that a patient has to endure. Furthermore,
measurements may be taken without interruption to the
patient, for example, during sleep or a busy daily sched-
ule.

[0007] For certain physiological parameters, or long-
term medical conditions, an implantable device would
best facilitate the measurement of these parameters. It
is desirable for implanted medical devices to have as
long a lifetime as possible within the patient, in as small
as possible volume. In many devices, this is limited by a
trade-off between battery life and battery size, and ne-
cessitates removal and reinsertion of the device simply
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for the purposes of recharging or replacing this battery.
This causes undue stress and discomfort for the patient.
[0008] In particular, women will sometimes wish to reg-
ularly measure their body temperature in order to deter-
mine the point at which they are likely to ovulate each
month. This "natural method" is attractive to many women
who are seeking to conceive and can also be used as a
way of avoiding pregnancy, perhaps by women with par-
ticular religious beliefs. For the most reliable results, reg-
ular temperature measurements are required over most
of the ovulation cycle.

[0009] European Patent Application No. 0195207 de-
scribes a uterine implant for periodic logging of temper-
ature data, which is wirelessly transmitted to a receiver
on demand for analysis and display. This solves a sig-
nificant problem in the use of the Basal Body Tempera-
ture (BBT) method for natural family planning, in that the
user need not wake for, nor even remember to take tem-
perature measurements, on a daily basis. Unfortunately
the device must be periodically withdrawn and reinserted
due to the need to replace or recharge the battery in the
device. Although introduced into an accessible body cav-
ity, this withdrawal and reinsertion procedure is highly,
inconvenient and has significant associated medical
risks.

[0010] Alternatively, one could use an implant device
that does not store the data measurements at the implant
device but transmits the measurements directly to a read-
er. In this case the power for the implant may be supplied
by the reader, such as in European Patent Application
No. 0476730. Thisis common for passive radiofrequency
identification (RF-ID) sensors. However, this set-up re-
quires thattheimplant be located close to the RF-ID read-
er whenever the implant device is to make measure-
ments.

[0011] German Patent Nos. 10345282 and 19943456
both describe temperature-based ovulation detection
systems which use a vaginal pessary data logger. The
data loggers can be configured to transmit stored tem-
perature data to a data reader for analysis and determi-
nation of the point of ovulation.

[0012] US Patent Application No. 10/682,759 pub-
lished as US 2004/0152957 describes monitoring appa-
ratus for physiological parameters. The apparatus com-
prises a sensor device for detecting physiological data
and an I/O device for receiving the detected physiological
data and generating derived data using the received da-
ta. The apparatus is envisaged to detect a wide range of
physiological parameters and derive information relating
to the user based on those parameters.

[0013] International Patent Application No.
PCT/US2005/009476 describes a non-invasive temper-
ature monitoring device and a system for detecting and
deriving physiological states and events at a receiver
configured to obtain data from the monitoring device. The
temperature monitoring device could be used as an ovu-
lation detector.

[0014] Indatalogging systems thatuse arechargeable
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battery the battery life is limited since a battery will only
accommodate a certain number of recharge cycles be-
fore the battery performance declines to a level at which
it cannot sustain a reasonable charge for operation of
the data logger. This is a particular problem for an im-
planted data logger, for which a lifetime of the order of
10 years is desired to keep the required frequency of
minor operations to replace the implant to a minimum.
[0015] A passive system has been suggested in Euro-
pean Patent Application No. 0746040, which describes
apassive transponder thatincludes anintegrated sensor.
The transponder is operable to receive an interrogation
signal from a scanner and to transmit identification infor-
mation and body characteristic information to the scan-
ner. However, the system does not provide data logging
capabilities and therefore requires the scanner to be cou-
pled to the transponder whenever measurements are re-
quired.

[0016] According to a first aspect of the present inven-
tion there is provided a system for estimating basal body
temperature comprising: a data logger device compris-
ing: a first temperature sensor for measuring a first tem-
perature of a user; a data store for storing one or more
first temperature measurements as a first physiological
data set; control logic configured to store representations
of first temperature measurements at the data store, the
control logic including a timer for allowing periodic stor-
age of the representations at regular intervals; a trans-
ceiver operable to transmit at least some of the stored
data; a data reader device comprising a receiver opera-
ble to receive at least some of the stored first physiolog-
ical data set from the data logger device; and a data proc-
essor operable to receive the first physiological data set;
characterised in that the data processor is arranged to
extrapolate a decrease in body temperature represented
by the first temperature measurements taken during a
sleep period so as to estimate a basal body temperature
of the user.

[0017] Preferably the data processor is further ar-
ranged to improve the estimate of basal body tempera-
ture by comparing the first temperature measurements
taken during a sleep period with temperature-time curves
taken during previous sleep periods.

[0018] Preferably the data processor is configured to
estimate the basal body temperature using the rate of
change of the first temperature with time.

[0019] Preferably the data logger device is incorporat-
ed into one of:

(a) a package suitable for implantation in an animal
or human body;

(b) an adhesive patch suitable for wearing on the
skin;

(c) an item of clothing or other wearable item; and
(d) a protective shell.

[0020] The data reader device preferably comprises a
housing and the data processor is incorporated within
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the housing of the data reader device. Preferably the data
reader device is a hand-held device.

[0021] Preferably the data reader device includes a
memory for storing the data received from the data logger
device. Preferably the data reader device includes a dis-
play for displaying the data received from the data logger
device. Preferably the data reader device is arranged to
make available by wired or wireless communication with
the data processor at least some of the data received
from the data logger.

[0022] Preferably the data logger device further com-
prises an accelerometer or other means for measuring
movement of the user and the control logic is further con-
figured to store representations of the movement meas-
urements at the data store, the data processor being op-
erable to disregard at least some of the temperature
measurements which were measured when one of the
following conditions was true:

(a) the variation in the movement measurements ex-
ceeded a predetermined value;

(b) the movement measurements exceeded a pre-
determined value.

[0023] Preferably the data logger device further com-
prises an accelerometer or other means for measuring
movement of the user and the control logic is further con-
figured to not store at least some of the representations
of the first temperature measurements at the data store
when one of the following conditions is true:

(a) the variation in previous movement measure-
ments exceeds a predetermined value;

(b) at least one previous movement measurement
exceeds a predetermined value.

[0024] Preferably the data processor further has input
means operable to receive movement data for the user
and the data processor is operable to disregard at least
some of the first temperature measurements which were
measured when one of the following conditions was true:

(a) the variation in the measurements represented
by the movement data exceeded a predetermined
value;

(b) the measurements represented by the movement
data exceeded a predetermined value.

[0025] Preferably the first temperature sensor is a skin
temperature sensor, the data logger device further com-
prises a second temperature sensor and the control logic
is further configured to store representations of second
temperature measurements of the second temperature
sensor at the data store.

[0026] Preferably the secondtemperature sensoris ar-
ranged to measure the ambient temperature of the user
and the data reader device is configured to process each
measurement of the first temperature sensor in depend-
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ence on the corresponding measurement of the second
temperature sensor so as to form an estimate of the core
body temperature of the user.

[0027] Preferably the data processor is further config-
ured to form the estimate of the basal body temperature
in dependence on at least one of the following:

(a) a rate of change in any of the temperature meas-
urements;

(b) a rate of change in the rate of change in any of
the temperature measurements.

[0028] Preferably the data logger is arranged to trans-
mit at least some of its stored data to the data reader by
wired or wireless transmission.

[0029] The presentinvention will now be described by
way of example.

[0030] In the drawings:

figure 1 is a schematic diagram of a data logger de-
vice;

figure 2 is a circuit illustrating the passive data trans-
mission principle.

figure 3 illustrates the relationship between a data
logger, a data reader and a data processor in ac-
cordance with an embodiment of the present inven-
tion.

figure 4 is a representation of a data logger incorpo-
rated into an adhesive patch.

figure 5 is a representation of a data logger and dis-
posable adhesive patch.

figure 6 shows (i) a plot of BBT as estimated by a
prototype data logger in accordance with an embod-
iment of the present invention and (ii) a plot of the
mean of two body temperature measurements taken
at 6.30am with a Braun ThermoScan.

figure 7 is a circuit diagram of a prototype data logger
in accordance with an embodiment of the present
invention.

[0031] Figure 1is a schematic diagram of a data logger
device 100 in accordance with the present invention. In
the data logger device of figure 1, control logic 112 sam-
ples the signals from one or more sensors 106 and stores
the result in the data store 110. In the preferred embod-
iment the control logic includes an analogue-to-digital (A-
D) converter that converts the analogue signals from sen-
sors 106, 108 to digital values for storage in data store
110. Control logic 112 further includes a timer to allow
periodic storage of the sensor values at regular intervals.
At least part of the control logic for sensing or storing a
sensed temperature is powered by power source 102.

[0032] Transceiver 116 is operable to transmit data
stored in data store 110. In order to minimise the drain
on power source 102, in a preferred embodiment, any
logic necessary for data transmission draws its power
from an electromagnetic field coupled to antenna 114, to
which the transceiver is connected. Antenna 114 is pref-
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erably a wire coil with a core having a high relative per-
meability, such as ferrite. Data transmission is possible
when the transceiver is coupled to an appropriate oscil-
lating electromagnetic field, such as may be provided by
a data reader. Data transmission does not therefore re-
quire any net power from power source 102.

[0033] Data transmission inthe presentinvention pref-
erably operates according to the principles set out in fig-
ure 2. Alternatively, any of the known passive transmis-
sion methods known in the art (particularly in relation to
passive mode RFID systems) may be employed.
[0034] Transceiver 116 canbe considered to comprise
a transmitter and receiver. Here "transmitter" is taken to
mean any element or group of elements that may effect
data transmission by any means. "Receiver" is taken to
mean any element or group of elements that receives
power and/or data from an electromagnetic field to which
it is coupled (preferably via an antenna). An element of
circuitry may be identifiable as both part of a transmitter
and part of a receiver.

[0035] In a passive transmission system, power may
be transferred in one direction and data in another. Figure
2isacircuitillustrating the passive transmission principle
employed by many passive mode RFID systems. Typi-
cally, a radio frequency signal is generated at the reader
204 by generator 208 which drives reader coil 205. Trans-
ponder 202 receives power from reader 204 via electro-
magnetic coupling between the reader coil 206 and trans-
ponder coil 205. The oscillating voltage induced in circuit
216 is rectified by diode 212 to provide a useful voltage
between terminals 214. This voltage may be used to drive
circuitry.

[0036] In particular, the power received at the trans-
ponder may be used to drive transmitter circuitry. The
transmitter circuitry in figure 2 is represented by a switch
210 that shorts out capacitor 207 when closed. By open-
ing and closing switch 210 the resonantfrequency of LCR
circuit 216 may be switched between two values. This in
turn determines the power drawn by circuit 216 from the
oscillating field generated by coil 206. It is most straight-
forward to consider coils 205 and 206 forming a trans-
former: switching the resonant frequency of circuit 216
switches the load on coil 205. This change in load can
be detected at the reader by means of a detection circuit
209, which may be an ammeter. Thus, digital data may
be sent from transponder 202 to reader 204 by simply
switching between the two resonant states of circuit 216
by means of switch 210. Typically only one of the reso-
nant frequencies of circuit 216 is at or close to the fre-
quency generated by generator 208. This yields a strong
change in load at coil 205.

[0037] Preferably, power source 102 is rechargeable.
Since transceiver 116 is operable to derive power from
an oscillating electromagnetic field at the antenna 114,
the transceiver may supply power to the rechargeable
power source. Furthermore, since the transceiver trans-
mits passively, it requires an incident electromagnetic
field from the reader device in order to transmit data to
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the reader. The reader may provide a field for providing
power to the data logger and a separate field to allow
passive data transmission via manipulation of the field
by the data logger. The data logger may therefore be
provided with a second antenna and further transceiver
circuitry. Preferably the two fields are one and the same.
[0038] Preferably power source 102 is a rechargeable
battery. Most rechargeable batteries exhibit a reducing
capacity to store charge over a number of recharging
cycles. In an application where the battery may be re-
charged daily, yet needs to have a capacity of months
worth of charge, this can have an adverse effect on bat-
tery life. It is therefore optimal to recharge the battery
only when required, as it reaches a minimum level of
charge. However, the data logger described herein need
not be able to request a recharge - in this case it must
take advantage of recharging when presented. There-
fore, to minimise the degradation in battery performance
caused by an excessive number of recharge cycles, a
protocol based on estimated charge may be used, and/or
remaining battery charge as indicated by battery voltage
(in loaded and/or unloaded conditions) is proposed.
[0039] Selector logic may be provided to select wheth-
er or not the power source is to be recharged. The se-
lector logic may allow the power source to be recharged
when the voltage across the power source drops below
a predetermined level. The predetermined level may be
stored at manufacture in the selector logic. Alternatively,
the selector logic may allow the power source to be re-
charged when at least a predetermined time has elapsed
since the last recharging. Recharge selection may be
effected by switching on or off a current passing element
(such as a transistor) under certain conditions as dictated
by selector logic.

[0040] In a preferred embodiment, the transceiver re-
ceives its power from an oscillating electromagnetic field
generated by a reader device. A data logging system in
accordance with an embodiment of the present invention
is illustrated in figure 3. The reader device 307 may be
hand held and therefore may be easily positioned by the
user so as to arrange efficient coupling between the read-
er device and data logger device 301. The reader may
include a screen 303 to enable viewing of the received
data or to provide a visual menu interface to the user.
The reader may be battery powered or may be physically
connected to a second device, such as a processor de-
vice 309 for processing the received data. The data may
be sent from the reader to a data processor wirelessly or
by wired communication. Alternatively, the data proces-
sor may form part of the data reader.

[0041] The reader may include one or more inputs,
such as a keypad 305, via which the user may interact
with the reader or input data into the reader. The data
processor may include one or more inputs 311, allowing
the input of further data sets to the data processor or to
allow interaction with the functionalities of the data proc-
essor/reader. As indicated by the dotted border in figure
3, the data reader and data processor may form part of
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the same device, or they may be separate devices.
[0042] The data logger may further comprise receiver
logic to interpret one or more commands received at the
transceiver and encoded into the electromagnetic field
provided by the reader. The data may be sent to the data
logger by switching the frequency or amplitude of the
electromagnetic field, or by any other transmission tech-
niques known in the art. Preferably the receiver logic is
also powered by the power drawn by the transceiver from
the electromagnetic field.

[0043] The reader may send one or more commands
to the data logger. These may include commands to set
the sampling interval of sensors 106, a command to ini-
tiate data transfer, and also configuration commands,
such as calibration constants, ID codes, resetcommands
and updates for any control logic implemented as
firmware.

[0044] Alternatively, calibration factors, sampling inter-
val and logger ID are fixed during manufacture.

[0045] Inone embodiment the transceiver starts trans-
mitting the stored data once the power received at the
transceiver exceeds a predetermined level. Alternatively,
the transceiver starts transmitting when a signal is re-
ceived from the reader. Preferably the reader transmits
an identifier to the data logger which includes an identi-
fication code. The data logger will only transmit the stored
data to the reader if the identification code matches a
code stored at the data logger. The data logger may (a)
store one or more identification codes corresponding to
one or more data readers or (b) the data reader may be
required to transmit the data logger’s unique code. The
identification code(s) may be stored in data store 110.
Preferably the data logger does not transmit its code and
thusin case (b) the reader is required to have prior knowl-
edge of the code. This helps protect the data stored at
the data logger from unauthorised or unwanted viewing.
Alternatively, the use of known cryptographic protocols
may be used to provide enhanced security, such as "chal-
lenge-response" protocols, or others known in the art.
[0046] The data logger may store data in data store
110 other than the sampled sensor signals. This may
include one or more identification codes as discussed
above, and/or data relating to the user, such as personal
identification information or medical information.. This is
particularly useful in the case that the user is a patient
and the data logger is being used to log physiological
parameters of a patient: the medical information could
be general patient identification information or the results
from previous medical tests or observation notes. This
other data may also be sent to the reader.

[0047] A reader may be required to provide different
identifiers in order to receive the different data types. For
example, a first identifier may be required to trigger the
data logger to transmit the stored physiological parame-
ter data and a second identifier may be required to trigger
the data logger to transmit the user/patient information.
[0048] The data store 110 is preferably a non-volatile
memory, such as a battery-powered RAM, EEPROM,
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FLASH RAM, or more preferably FRAM or MRAM. Power
source 102 may be a capacitor or battery.

[0049] In one embodiment, at least one of the sensors
is atemperature sensor. Preferably the temperature sen-
sor is a thermistor. Alternatively, the temperature sensor
may be a silicon based device, such as a "proportional
to absolute temperature" voltage source. To increase
sensitivity the signal may be boosted by signal condition-
ing elements, such as bridges, filters, and amplifiers.
[0050] In orderto minimise the size and power require-
ments of the data logger, where possible the data logger
circuitry is fabricated as a single microchip.

[0051] Inthe case ofadataloggerdevice formeasuring
one or more physiological parameters, the device may
be provided as a (sub-dermal) implant or as a wearable
patch. As animplantthe data logger housing is preferably
inert and coated to help prevent rejection by the immune
system of the host.

[0052] Examples of the physical parameters that may
be measured by a datalogger are temperature, pressure,
pH, light intensity, vibration, acoustic pressure, orienta-
tion or movement. Examples of the physiological param-
eters that may be measured by a data logger are body
temperature, blood pH, blood glucose, pulse rate, blood
pressure. These parameters may be measured by any
of the methods known in the art.

[0053] A data logger device in accordance with the
present invention may be configured to measure body
temperature so as to allow automated determination of
basal body temperature. This allows the point of ovulation
to be estimated from one ovulation cycle to the next by
looking for a rise in the basal (minimum resting) temper-
ature over a number of days. This is substantially inde-
pendent of the short term variations in skin temperature
of the user, which can vary rapidly throughout each day
as a result of changes in activity level, environmental
temperature etc.

[0054] Since body temperature typically varies slowly,
several improvements can be made to the data logging
process. A first improvement is to compress the sensor
data at the data logger. A data stream of the differences
between the previous and current measured temperature
is a good candidate for "entropy encoding" or any other
means of minimising the memory requirement for values
that occur frequently compared with values that occur
less frequently. This allows a greater number of meas-
urements to be stored at the data logger.

[0055] By using an appropriate compression scheme,
for example Fibonacci coding, it is possible to separate
individual data points. Data can be simply read from a
circular buffer with an error introduced in only the last two
measurements in the memory, which can be easily dis-
carded.

[0056] Data thatis not recorded at a fixed interval may
require that a record (e.g. a timestamp) is kept of when
data (or groups of data) were measured. For example, if
the memory becomes full, old values can be replaced
with new values and a timestamp ensures that itis known
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when each sensor value was measured.

[0057] Asecondimprovementisto only record atimes-
tamp when the temperature changes by more than a pre-
determined amount (e.g. 0.01 degrees) from the last
measured value. Measurements can be taken at a pre-
determined frequency or the sensors can be essentially
continuously monitored for changes in temperature. The
temperature value or difference may or may not be re-
corded with the timestamp. By recording differences in
time the data is amenable to compression, as described
above.

[0058] Often rapid small fluctuations in sensor values
are unimportant, such as in temperature measurements
to determine the point of ovulation. In such cases a very
simple A/D converter or sample-and-hold circuit can be
used for performing the comparison of temperature val-
ues in order to determine the difference between the last
and current values. A main A/D converter may be held
in a sleep state until the difference is larger than a pre-
determined amount and the timestamp and/or the tem-
perature value is to be stored at the data logger. This
scheme could be further augmented with a minimum
sleep time so as to avoid the main A/D converter being
awoken too often during periods of large rapid tempera-
ture fluctuations. These schemes help save both memory
and power at the data logger.

[0059] A third improvement is to average values over
time. This has the effect of discarding information about
rapid fluctuations in the sensor values, essentially remov-
ing highfrequency "noise". This can be achieved through
the use of a sliding window: for example, a circular buffer
could hold the last 16 measurements, measured at 14-
bit resolution, and a 16-bit average of the measurements
would be stored in memory. The sum of these 14-bit
measurements is an 18-bit number but, assuming a
Gaussian noise distribution in the least significant bits of
the A/D signal, an improvement in signal:noise of sqrt
(16) = 4 would be produced: using only the top 16-bits of
the 18-bit number yields a 16-bit value from the 14-bit
measurements. Other bit lengths and buffer sizes could
be used.

[0060] A further improvement would be to not include
the maximum and minimum measurements in the buffer
in the averaging calculation. This helps to minimise the
effect of outlying measurements. Some number of meas-
urements could also be selectively excluded, forexample
only the middle 12 measurements of 16, to furtherreduce
the effect of brief periods of outlying measurements.
[0061] Natural Family Planning works by monitoring
certain physical signs that occur during the menstrual
cycle. The most common signs that are observed are
menstrual bleeding, cervical mucus changes and body
temperature changes.

[0062] The calendar rhythm method is the oldest and
most widely practiced of the fertility awareness methods.
Calendar charting allows women to estimate the onset
and duration of the time when an egg is available for
fertilization by the sperm. Calculation of the fertile period
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is made from three assumptions: 1) ovulation occurs on
day 14 (plus or minus two days) before the onset of the
next period; 2) sperm survive for two to three days; 3)
the ovum, or egg, survives for 24 hours.

[0063] The basal body temperature (BBT) method is
commonly employed by taking an oral temperature first
thing in the morning, preferably at the same time every
morning, and plotting these temperatures on a chart.
Ovulation is generally indicated as having occurred after
three consecutive days where the temperature is higher
than any of the previous 7 days. Using this method, ovu-
lation cannot be predicted but can be identified once it
has occurred. This method is most useful for identifying
when the woman'’s infertile time has started.

[0064] Cervical mucus changes have a distinctive pat-
tern among most ovulating women, even those whose
cycles are irregular. To evaluate cervical mucus, a wom-
an obtains some mucus from her vaginal opening. In
checking her mucus, a woman needs to determine if it
feels wet or dry. Mucus qualities such as tackiness, elas-
ticity and wetness suggest where she is in her cycle. Re-
lease of the egg usually happens the day before or during
the last "slippery, wet" mucus day. The fertile time occurs
when the mucus has the characteristics of uncooked egg
white. Use of vaginal lubricants or douching can make
these characteristics more difficult to recognize.

[0065] The various charting methods may be used
alone orin combination. Acommon technique is for wom-
en to record changes in their mucus and to record their
basal body temperature. Some women also notice and
record ovulatory pain which can include feelings of heav-
iness, abdominal swelling, rectal pain or discomfort and
lower abdominal pain or discomfort. Pain can occur just
before, during or after ovulation.

[0066] The data logger described herein can perform
the temperature monitoring aspect automatically, where-
as the woman would need to keep a record of the other
subjective parameters such as mucus changes herself.
By inputting these additional subjective parameters into
the a reader device (as described above) or into a data
processor to which the temperature data is sent, and
making use of it only when available (although not re-
quiring it to be available), it can be selectively combined
with the temperature data and time/date data to estimate
future dates for ovulation, and also the future dates for
expected changes in the subjective parameters, prompt-
ing the woman to monitor them when it is most likely that
they are needed.

[0067] The importance of these additional subjective
parameters is that temperature rises AFTER ovulation,
whereas other subjective parameters change BEFORE
ovulation. If one tries to identify the fertile window only
using temperature, the window of uncertainty is wider
because the post-ovulation part of the cycle is well de-
fined (typically 10-12 days or so prior to menstruation),
and does not vary much in length from cycle to cycle.
Hence temperature logging can identify this period. How-
ever, the pre-ovulation part of the cycle is of variable
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length cycle-to-cycle. By adding in data about the first
day of menstruation, a second quite objective parameter
has been added and the estimation of the timing of ovu-
lation can be improved.

[0068] By adding in information about quality of cervi-
cal mucus, for example, the onset of the fertile window
can be determined more accurately. However, the quality
of cervical mucus is very hard to establish reliably for
some women, particularly after intercourse in the preced-
ing day. It is most beneficial if further physiological data
is used only when provided, and the system relies on
temperature measurements and timing to calculate the
onset of the fertile window when not provided. Similarly
other parameters such as saliva quality, breast tender-
ness, ovulatory pains, and hormone measurements can
all be added in if observed.

[0069] A data logger device for monitoring body tem-
perature may take the form of an implant that is injected
into the female or inserted in a minor operation. The data
logger is preferably inserted into the abdomen or inner
upper arm so that the temperature logged by the data
logger is an accurate reflection of the true core body tem-
perature. Alternatively the data logger can be incorporat-
ed into a patch, wearable band or an item of clothing
(such as underwear). This implementation is described
below.

[0070] Figure 6 illustrates the benefit of using a tem-
perature datalogger to estimate basal body temperature.
The first plotin figure 6 is of daily basal body temperature
as estimated from data periodically logged overnight
while the user was asleep by a prototype data logger in
accordance with anembodiment of the presentinvention.
Temperature measurements taken during periods of high
movement were ignored and the remaining temperature
data from the data logger was processed to remove out-
lying temperature measurements. An average of the then
remaining temperature measurements was taken to
eliminate short-term fluctuations in measured tempera-
ture.

[0071] The second plot is of body basal temperature
over the same days as the first plot estimated using a
conventional technique: two measurements were taken
by the user with an aural thermometer (a Braun Thermo-
Scope) at 6.30am upon waking. The prototype data log-
ger clearly detects the date of ovulation (indicated by the
arrows in the plots) whereas it is very difficult to detect
using the conventional approach. Use of a data logger
also removes the need for the user to wake early each
morning, take their temperature and note it in a log book.
[0072] Figure 7 shows a circuit diagram of the proto-
type datalogger used to collect the data shown infigure 6.
[0073] By arranging for the regular read-out of data
from the datalogger (so as to predict ovulation) the power
source is recharged regularly from the power derived
from the electromagnetic field generated by the reader.
The power source for the device can therefore be rela-
tively small. This combination of small size of the device
and wireless recharging during data transmission allows
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a practical implementation of the device as an implant,
or alternatively allows the device to be discretely incor-
porated into a small adhesive patch which can be affixed
to the skin in the same way as a regular sticking plaster
or band-aid.

[0074] Inone embodiment, the data logger includes an
integrated circuit containing control logic, timing, meas-
urement, power control, temperature sensing, and wire-
less communications, which is bonded to a lithium poly-
mer battery for power storage, and the antenna. Because
the data logger measures body temperature, the temper-
ature range that the device is exposed to is very narrow
and so very low power analogue timing for the sampling
frequency is possible with acceptable accuracy using R-
C time constants. The change in the power supply over
time can also be measured periodically and thus the fre-
quency of measurement can be calibrated during log-
ging. Typically the data logger logs temperature at a pre-
determined frequency (e.g. every 10 minutes), and
records this in memory.

[0075] The system for determining the point of ovula-
tion may comprise a data logger in any of its forms de-
scribed herein and which is configured to measure tem-
perature, a data reader in any of its forms described here-
in and a data processor. Alternatively the data logger
may be any temperature data logger known in the art
capable of passive transmission and with which the data
reader is compatible. The data logger transmits its stored
datato the data reader by passive transmission. The data
reader and data processor may communicate by any
means known in the art.

[0076] Thereader device may have a display and user
input capability so as to allow the user to view tables or
graphs of the data received from the data logger, and/or
to allow the user to interact with graphical menu systems.
The reader device may be connected to a data processor
or the data processor may form part of the reader device.
Itis only importantthatthere is some aspect of the system
which is capable of processing the data received from
the data logger so as to provide an indication of the point
of ovulation in the female user. The data processor may
simply be a personal computer supporting software ar-
ranged to perform the data processing.

[0077] Either the data reader or data processor in-
cludes input means for inputting at least one other set of
physiological data for the female user. The data proces-
sor can combine the temperature data with the other sets
of physiological data (such as quality of cervical mucus,
hormone test results from blood or urine etc) to provide
an indication of the point of ovulation in accordance with
any of the principles of ovulation detection described
above or known in the art.

[0078] Preferably the reader device consists of a port-
able wireless reader with two-way communication with
the implant when activated in suitable proximity. The user
interface may include a number of buttons, to input such
data as menstruation days and cervical fluid quality, and
a simple LCD display prompting for measurements or
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indicating parameters such asimplantand reader battery
charge. Equally, the user may input any further physio-
logical data directly into the data processor if the data
processor is arranged to receive such inputs - this would
be convenient for the user if the data processor is a per-
sonal computer. The reader itself may be capable of es-
timating the point of ovulation based upon previously re-
corded data (which may be stored at the reader and/or
at the data processor), and is suitably capable of display-
ing the expected number of days of until the next ovula-
tion to the user. For privacy reasons, the device will pref-
erably not display any information on fertility unless it has
recently been in contact with the implantthatitis keyed to.
[0079] The reader device may contain a USB port (or
other suitable form of wired or wireless connectivity) to
allow connection to a personal computer. This allows for
(a) recharging of the internal battery of the reader, and/or
(b) data transmission to and from the computer for data
storage, further processing of the data, data display or
simply because the computer performs the temperature
data processing in the system. When the reader or data
processor finds data that does not fit an expected model
of ovulation, or needs additional user interaction, it can
prompt the user to connect it to a personal computer.
[0080] The device may appear to the computer as a
USB "drive" storage device, with the software and man-
uals for the device available on the drive, thus removing
the need for separate software (e.g. CDs) to be carried
with the device. The software can provide a more exten-
sive user interface, which may be operable to connect to
the internet to perform software and firmware updates.
Optionally, the user’s data can be uploaded over the in-
ternet for analysis by third parties, for example medical
practitioners.

[0081] The computer interfacing aspect of the reader
allows the system to act as a training system for the user
in the measurement of more subjective physiological pa-
rameters, such as quality of cervical fluid, as the training
software can incorporate the thermal history and other
dataofthe user. This reduces the user’s reliance on phys-
ical teaching by a third party, which is frequently consid-
ered invasive or embarrassing.

[0082] As the user becomes more adept at measuring
these additional parameters, the statistical model for ovu-
lation prediction is altered to provide more weighting to
these observations. This allows a progressive reduction
in the "safety window" around the period of ovulation,
during which abstinence should be practiced in order to
prevent pregnancy.

[0083] The datalogger described herein may be a hu-
man or animal body temperature data logger incorporat-
ed into an adhesive wearable patch 407, 503 as shown
in figures 4 and 5. The adhesive 411 may be selected
from any of the known skin adhesives and is preferably
hypoallergenic so as to minimise the risk of an adverse
reaction with the skin 401 of the user. The patch prefer-
ably holds the data logger 403, 501 in a pouch arrange-
ment which allows the data logger to be removed and
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installed in a new patch when advantageous - for exam-
ple, when the adhesive loses its stickiness or the user
desires a fresh patch. Figure 5 shows an opening 507
through which a data logger 501 may be removed and
installed. Alternatively the data logger could be sealed in
the patch, which can be convenient if the patch and data
logger are disposable.

[0084] In a preferred embodiment the patch is roughly
circular, approximately 2 cm in diameter and skin-col-
oured. Tothermally insulate the body temperature sensor
from environmental changes in temperature, the patch
may have a thermally insulating region 405 (such as a
soft foam backing) that extends over the part of the data
logger which is opposite to the side of the data logger
held against the body. The patch may have an opening
509 through which a thermally conducting stud 409, 505
of a data logger may protrude and make physical contact
with a body to which the patch is affixed. In figure 5 this
forms part of the opening 507 through which a datalogger
may be inserted into the patch.

[0085] Ifthe dataloggerdoes nothave a thermally con-
ducting stud, it is generally desirable that the patch (and
possibly the data logger shell) is more thermally conduc-
tive in the region between the body temperature sensor
and the body itself than elsewhere over the patch/shell.
This may be achieved through the choice of materials
used in the patch/shell and/or by fabricating the
patch/shell so the material is thinner in the region over
the temperature sensor.

[0086] The patch constructions described above may
conveniently be supplied as a sterile, disposable device.
[0087] Alternatively the datalogger may be incorporat-
ed into a band (such as may be worn around the arm) or
item of clothing, or the data logger may be held in position
by an arrangement of straps or bands. The band would
preferably be worn around the upper arm with the tem-
perature sensorlocated on the inside of the arm, adjacent
to the armpit. In order to be able to precisely measure
small variations in body temperature it is particularly im-
portant that the data logger is repositioned at the same
location (the measurement spot) on the user’s body each
time the user refits the band. The band may therefore
have markings so as to aid the user in correctly position-
ing the data logger held within the band. Neoprene, which
is comfortable to wear for long periods and is a good
thermal insulator is a particularly suitable material for the
band.

[0088] Several temperature sensors may be held in a
ring in the band. This can help to mitigate the effects of
poor rotational positioning of the band by the user. Typ-
ically there will be a known variation in temperature
around the arm (say) about which the band is worn. This
variation can be measured and stored as a profile for the
particular user at the data logger, or more preferably at
the data processor to which the temperature measure-
ments are sent for processing. The profile allows the tem-
perature measurements from each of the sensors to be
later correlated with their position about the arm so as to
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determine which sensor is closest to the "measurement
spot". It may be further desirable to use the known tem-
perature profile to interpolate between temperature
measurements in order to more precisely determine the
temperature atthe measurement spoteach time the band
is replaced. These calculations can be performed at the
data processor.

[0089] In the embodiments illustrated in figures 3, 4
and 5 the temperature sensors and aerial are incorpo-
rated into the main body of the data logger itself. In this
embodiment there may be thermally conductive por-
tion(s) of the data logger shell over the temperature sen-
sor(s), or there may be thermally conductive stud(s) cou-
pling the temperature sensor(s) to the body, as shown.
However, the temperature sensor(s) may be external to
the main body of the data logger and wired to the data
logger. Likewise, the aerial(s) may be external to the main
body of the data logger - perhaps to improve data and
power transfer. The temperature sensor(s) and/or aerials
may be integral to the patch/band and connected to the
data logger by wires.

[0090] Preferably the data logger itself is encapsulated
in a sealed shell to protect the components of the data
logger from knocks, liquids and corrosion. To allow de-
vices to be re-used by different users, it is also advanta-
geous if the data logger can be sterilized in an autoclave.
Preferably the shell has an outer layer of silicone, or an-
other inert material. The silicone may be of variable thick-
ness over the shell such that there is a thinner layer of
silicone (perhaps 0.1 mm) over the temperature sensor
and a thicker layer of silicone (perhaps 0.5 mm) over
other areas of the shell. The thicker layer of silicone can
help to thermally insulate the sensor. The silicone may
be doped with metal particles over the temperature sen-
sor so as to improve the thermal conductivity of the sili-
cone in that region.

[0091] The silicone or other protective material may
preferably be injection moldable and insert moldable, wa-
terproof and/or biocompatible.

[0092] As discussed above, the data logger may have
a stud of a highly conductive material (e.g. metal) which
protrudes some or all of the way through the data logger
shell/silicone so as to improve the thermal coupling be-
tween the temperature sensor of the data logger and the
body to which it is applied.

[0093] Incases where an estimation of core body tem-
perature is required, but measurements are taken at an
external pointon the body, animprovement over a simple
measurement of skin temperature can be made. If the
skin temperature is measured under a thermally insulat-
ing patch, and the temperature on the external face of
the insulator is also measured (i.e. two measurements
are taken), an estimation of the difference between the
skin temperature and core body temperature is possible.
The simplestimplementation is to apply a constant factor
to the temperature difference between the two sensors,
i.e. Tcore = Tskin + k(Tskin - Touter). A more complicat-
ed, but accurate, method is to take into account cases
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where ambient temperature is higher than as well as low-
er than skin temperature, and also to make the correction
anon-linear function. Such corrections are preferably ap-
plied at the data logger so that only the resulting core
temperature estimate need be stored at the data logger.
Alternatively both sets of temperature data may be stored
and the corrections may be applied at the data processor
to which the temperature data is sent.

[0094] By calibrating such a patch device against core
body temperature (as measured by any conventional
technique) under a variety of external temperature con-
ditions, a more accurate correction system may be de-
vised. Alternatively, the calibration may be performed in
accordance with any of the following methods with the
aim of determining the correction function required to
yield an approximately constant core body temperature
from the data:

1. Applying known thermal gradients across the
patch and measuring the response of the two ther-
mometers.

2. Exposing the outer temperature sensor to a range
of temperatures while the patch is worn by a user. It
isimportantthat the applied temperature varies more
rapidly than the body temperature can respond to
the changes in temperature.

3. Analysing the temperature measurements during
use for natural rapid variations in external tempera-
ture compared to the measured skin temperature.
This method is preferably performed at the data log-
ger and may be used to continuously adjust the cor-
rection function in response to environmental chang-
es.

[0095] In one embodiment calibration calculations are
performed at a data reader or data processor (to which
the reader may be connected) as follows:

1. The data reader transmits a command to the data
logger instructing it to enter a calibration mode.

2. A calibration process is initiated and the data log-
ger transmits the temperature data from the temper-
ature sensors in real-time.

3. The data reader or a data processor to which the
data reader is connected calculates the correction
function.

4. The data reader transmits the parameters of the
calibration function to the data logger to be used in
extrapolating the core body temperature from the
skin and outer temperature sensor values.

[0096] Calibration factors may be stored at the data
logger (perhaps after being transmitted from the data
reader if the calibration calculations are performed at the
reader/data processor). The thermal properties - or de-
rivative numbers representing said properties - of the da-
ta logger shell and/or the patch/band may be stored at
the data logger or data reader/processor for use in
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processing of measured data. The thermal properties
may be determined during a calibration process or may
be available if the data logger shell and/or the patch/band
use materials having known properties. Knowledge of
these properties can, for example, allow the data proc-
essor to calculate a theoretical temperature gradient
across the data logger and its enclosures which could be
used to extrapolate a core body temperature.

[0097] For other sensor types, the relevant physical
properties will be stored instead: for example, the acous-
tic or light transmission properties of the enclosures in
which the data logger is incorporated may be stored. The
calibration principles discussed above apply equally to
calibrating measurements of other physical parameters
by other types of sensors.

[0098] A dataloggerhaving a skin temperature sensor
and an ambient temperature sensor (ortwo sensorinputs
for two temperature sensors external to the data logger
itself) may be incorporated into a patch or band as de-
scribed above, but with an additional opening or region
of increased thermal conductivity over the outer temper-
ature sensor so as to better thermally couple that tem-
perature sensor to the external environment.

[0099] A furtherimprovement may be made by utilising
three or more temperature sensors located at positions
with different thermal parameters, such as local heat ca-
pacity and conductivity. For example, if one sensor is on
the body side of the device, with low thermal resistance
to the body, one sensor is on the external side of the
device, with low thermal resistance to the external envi-
ronment, and one sensor is in the middle of the device,
with a comparatively high thermal resistance to either
point and a comparatively high local thermal mass, a suit-
able calibration scheme can be used to provide a more
accurate estimate of core temperature. The calibration
scheme can be pre-set, or can be based on an empirical
or adaptive algorithm.

[0100] Thedataloggerconfigurations described above
are not limited to data loggers designed to measure the
skin/body temperature of an animal or human and are
generally applicable to measuring the temperature or any
other physical parameter of any body, whether flora, fau-
na, machine, rock etc.

[0101] Itis advantageous in a data logger for a system
for determining the point of ovulation in a female that the
temperature data from the data logger is combined with
data which indicates the activity state of the female. (The
term "female" as used in this application refers to both
animal and human females.) Particularly with an exter-
nally worn data logging patch or band (although it also
an issue with an implanted data logger) identifying the
drop in body temperature that indicates a lowering of
"body basal temperature" is difficult without being able
to correlate the temperature data to the activity of the
female user.

[0102] When the useris awake and moving around the
air-flow around the data logger device and over the skin
can lower the skin temperature. In contrast, when a user
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is asleep the data logger tends to be well-insulated and
the skin at a warmer temperature (although this is often
the best time to take temperature measurements be-
cause the core and skin temperatures are stable). And
when the user is exercising or has a fever there can be
increases in both skin and core body temperature. It is
most preferable to measure the body temperature when
the user is at rest since this helps to avoid erroneous
measurements due to changing temperature conditions
unrelated to variations in basal body temperature.
[0103] It is advantageous to measure movement, ei-
ther at the data logger or otherwise, and relate this data
to the measured temperature data at the data processor
so as to better determine the basal temperature of the
user. For example, the basal temperature may be deter-
mined from the lowest temperature measured during pe-
riods of low movement that last longer than 30 minutes.
The motion data may be captured at the data logger itself
- for instance, by including an accelerometer in the data
logger. In this case, either acceleration/vibration data
may be logged or knowledge of the force of gravity can
be used to measure the "tilt" of the data logger, as is
known in the art. As the user moves, the tilt will change,
and so movement can be inferred. Alternatively, any oth-
er means of detecting movement could be used, such as
a motion-detecting video camera coupled to the data
processor, a pulse sensor (which indirectly indicates
when the user is moving/exercising), and a sensor in a
bed/mattress which detects movement on the bed (e.g.
the user rolling over).

[0104] Preferably movement of the user is measured
atthe data logger itself. During periods of high movement
the data logger can be set not to log any temperature
data. The movement data itself need not therefore be
logged at the data logger - it is used to determine when
to measure and log temperature and when not to do so.
This makes efficient use of the memory atthe datalogger.
[0105] Alternatively, both movement and temperature
may be logged at the data logger and the data processor
can subsequently combine these data sets in order to
determine which portions of temperature data are likely
to correlate closely to the true core body temperature of
the user and which portions of data are likely to be less
reliable. Performing this at the data processor allows a
more sophisticated approach to be taken. For example,
more complex algorithms can be applied that allow short
periods of motion to be overlooked (such as the user
rolling over in their sleep) in determining when a relatively
extended period of low movement occurred in which
good quality temperature measurements are likely to
have beentaken. Those temperature measurements tak-
en during relatively extended periods of low movement
are preferably used in determining the basal body tem-
perature (or some analogue thereof) and the remaining
data may be discarded.

[0106] A preferred method by which temperature data
from a data logger may be processed at a data processor
in combination with movement information for the user
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(from either the data logger or external measurements)
will now be described.

1. Identify periods of low movement in the user of
duration atleast a predetermined length (e.g. 30 min-
utes).

2. Identify the temperature measurements that cor-
respond in time to the window of low movement.

3. Calculate the mean of those measurements to
yield the average resting temperature.

[0107] This processing is preferably performed on the
data of each day (or night) for which there is data at a
time so as to provide an estimate of the daily basal tem-
perature of the user. The temperature data may be limited
to those measurements taken when the user is likely to
be asleep or at rest by only processing temperature data
taken between certain hours (e.g. 11 pm to 6am). Or the
user could simply only wear the data logger (as a patch,
arm band etc.) when sleeping.

[0108] It has been found that a reliable estimate of ba-
sal body temperature can be determined from tempera-
ture data taken while the user is sleeping. However,
sometimes the user will only be able to sleep for a short
period, or sometimes the temperature data is of poor
quality for part of the sleep period. In these cases it is
possible to estimate the basal body temperature of the
user by extrapolating the slow decrease in body temper-
ature that occurs during the sleep of the user so as to
form an estimate of the minimum body temperature the
user would have reached had they been able to sleep
for a sufficient length of time (or had there been temper-
ature data of a good enough quality). This minimum can
be estimated using techniques known in the art from the
slope of the temperature-time curve: for example, the
rate of change of the slop of the curve can be used to
anticipate when the body temperature minimum occurs.
The estimate can be improved by comparing the incom-
plete temperature data with temperature-time curves tak-
en during previous sleep periods: for example, knowl-
edge of how long it typically takes for the user’s body
temperature to reach its minimum can be used to antic-
ipate when that minimum occurs for a given initial tem-
perature and slope of the temperature-time curve.
[0109] Itisclearfrom the above discussions thata data
logger in accordance with the present invention can have
any number of inputs, each of which may be an input
from any kind of sensor (such as a temperature sensor,
accelerometer). Upon polling by a data reader device the
data logger transmits one or more of the sensor data
sets. The data logger may transmit the data to the reader
in any of a number of ways, including: transmitting only
those data sets requested by the reader, transmitting the
data sets in a predetermined order, and transmitting the
measurements in the order (or reverse order) in which
they were taken.

[0110] The data logger might have a programmable
data logging interval, which is set when the patch is first
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applied to the patient (by means of a command from the
data reader to the data logger, for example). The data
logger may then log data at the specified intervals until
instructed to stop (or until the battery dies). In some em-
bodiments the data logger stores a timestamp with each
measurement, or stores a timestamp each time the data
logger (re-)commences logging.

[0111] All the embodiments of a data logger described
above in relation to a data logger for use in a system for
determining the point of ovulation in a female are gener-
ally applicable to data logger devices which may have
any number of applications and sensor types.

[0112] The temperature data stored at a data logger
represents a thermal history of the body to which it is
attached over time. For some applications, such as de-
termining the point of ovulation in a female (human or
animal), itis not necessary to measure body temperature
at every point throughout the day. In this case it is con-
venient for the user for the data logger to be incorporated
into a band which is worn about the upper arm, but which
may be removed for showering or playing sports. In these
cases, the data logger can stop logging when (for exam-
ple) the temperature drops below a certain level (because
the sensor is no longer in contact with the skin), or when
a button is pressed on the data logger/armband, or when
it receives a command from the data reader device, to
give a few examples.

[0113] A (possibly disposable) patch configuration is
useful in medical applications, when it is important to
have complete and uninterrupted temperature measure-
ments of a patient’s body temperature. High resolution
(both in temperature precision and in frequency of meas-
urement) temperature data is of use in diagnosing a
number of medical conditions, for example certain types
of infections, hypothermia or pyrexia. Having access to
a complete temperature history stored at a data logging
device worn by the patient can help a physician to more
quickly reach an accurate diagnosis.

[0114] Theapplicantherebydisclosesinisolationeach
individual feature described herein and any combination
of two or more such features, to the extent that such
features or combinations are capable of being carried
out based on the present specification as a whole in the
light of the common general knowledge of a person
skilled in the art, irrespective of whether such features or
combinations of features solve any problems disclosed
herein, and without limitation to the scope of the claims.
The applicant indicates that aspects of the present in-
vention may consist of any suchindividual feature or com-
bination of features. In view of the foregoing description
it will be evident to a person skilled in the art that various
modifications may be made within the scope of the in-
vention.

Claims

1. A system for estimating basal body temperature
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comprising:
a data logger device (301) comprising:

a first temperature sensor (106) for meas-
uring a first temperature of a user;

a data store (110) for storing a plurality of
first temperature measurements as a first
physiological data set;

control logic (112) configured to store rep-
resentations of first temperature measure-
ments at the data store, the control logic in-
cluding a timer for allowing periodic storage
of the representations at regular intervals;

a transceiver (116) operable to transmit at
least some of the stored data;

adatareader device (307) comprising areceiver
operable to receive at least some of the stored
first physiological data set from the data logger
device; and

a data processor (309) operable to receive the
first physiological data set;

characterised in that the data processor is ar-
ranged to extrapolate a decrease in body tempera-
ture indicated by the first temperature measure-
ments taken during a sleep period so as to estimate
a basal body temperature of the user representative
of a minimum body temperature.

A system as claimed in claim 1, wherein the data
processor is further arranged to estimate the basal
body temperature by comparing the first temperature
measurements taken during a sleep period with tem-
perature-time curves taken during previous sleep
periods.

A system as claimed in claim 1 or 2, wherein the data
processor is configured to estimate the basal body
temperature using the rate of change of the first tem-
perature with time.

A system as claimed in any preceding claim, wherein
the data logger device is incorporated into one of:

(a) a package suitable for implantation in an an-
imal or human body;

(b) an adhesive patch suitable for wearing on
the skin;

(c) an item of clothing or other wearable item;
and

(d) a protective shell.

A system as claimed in any preceding claim, wherein
the data reader device comprises a housing and the
data processor is incorporated within the housing of
the data reader device.
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A system as claimed in any preceding claim, wherein
the data reader device is a hand-held device.

A system as claimed in any preceding claim, wherein
the data reader device includes a memory for storing
the data received from the data logger device.

A system as claimed in any preceding claim, wherein
the data reader device includes a display (303) for
displaying the data received from the data logger
device.

A system as claimed in any preceding claim, wherein
the data reader device is arranged to make available
by wired or wireless communication with the data
processor at least some of the data received from
the data logger.

A system as claimed in any preceding claim, wherein
the data logger device further comprises an accel-
erometer (106) or other means for measuring move-
ment of the user and the control logic is further con-
figured to store representations of the movement
measurements at the data store, the data processor
being operable to disregard at least some of the tem-
perature measurements which were measured
when one of the following conditions was true:

(a) the variation in the movement measure-
ments exceeded a predetermined value;

(b) the movement measurements exceeded a
predetermined value.

A system as claimed in any of claims 1 to 9, wherein
the data logger device further comprises an accel-
erometer or other means for measuring movement
of the user and the control logic is further configured
to not store at least some of the representations of
the first temperature measurements at the data store
when one of the following conditions is true:

(a) the variation in previous movement meas-
urements exceeds a predetermined value;

(b) at least one previous movement measure-
ment exceeds a predetermined value.

A system as claimed in any of claims 1 to 9, wherein
the data processor further has input means operable
to receive movement data for the user and the data
processor is operable to disregard at least some of
the first temperature measurements which were
measured when one of the following conditions was
true:

(a) the variation inthe measurements represent-
ed by the movement data exceeded a predeter-
mined value;

(b) the measurements represented by the move-
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ment data exceeded a predetermined value.

A system as claimed in any preceding claim, wherein
the first temperature sensor is a skin temperature
sensor, the data logger device further comprises a
second temperature sensor (108) and the control
logic is further configured to store representations of
second temperature measurements of the second
temperature sensor at the data store.

A system as claimed in claim 13, wherein the second
temperature sensor is arranged to measure the am-
bient temperature of the user and the data reader
device is configured to process each measurement
of the first temperature sensorin dependence on the
corresponding measurement of the second temper-
ature sensor so as to form an estimate of the core
body temperature of the user.

A system as claimed in any preceding claim, wherein
the data processor is further configured to form the
estimate of the basal body temperature in depend-
ence on at least one of the following:

(a) a rate of change in any of the temperature
measurements;

(b) a rate of change in the rate of change in any
of the temperature measurements.

A system as claimed in any preceding claim, wherein
the data logger is arranged to transmit at least some
of its stored data to the data reader by wired or wire-
less transmission.

Patentanspriiche

1.

System zur Schatzung der Basalkdrpertemperatur,
umfassend:

ein Datenloggergerat (301), umfassend:

einen ersten Temperatursensor (106) zum
Messen einer ersten Temperatur eines Be-
nutzers;

einen Datenspeicher (110) zum Speichern
einer Vielzahl von ersten Temperaturmes-
sungen als einen ersten Satz physiologi-
scher Daten;

Steuerlogik (112), die konfiguriert ist, Re-
prasentationen erster Temperaturmessun-
gen im Datenspeicher zu speichern, wobei
die Steuerlogik einen Zeitgeber zum Er-
moglichen einer periodischen Speicherung
der Repréasentationen in regelmaRigen Ab-
stadnden beinhaltet;

einen Sender (116), der betriebsfahig ist,
zumindest einen Teil der gespeicherten Da-
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ten zu senden;

ein Datenlesegerat (307), das einen Emp-
fangerumfasst, derbetriebsfahigist, zumin-
dest einen Teil des gespeicherten ersten
Satzes physiologischer Daten von dem Da-
tenloggergerat zu empfangen; und

einen Datenprozessor (309), der betriebs-
fahig ist, den ersten Satz physiologischer
Daten zu empfangen;

dadurch gekennzeichnet, dass der Datenpro-
zessor eingerichtet ist, eine Senkung der Kor-
pertemperatur, die durch die ersten Tempera-
turmessungen, die wahrend einer Schlafperio-
de genommen werden, angezeigt wird, zu ex-
trapolieren, um eine Basalkorpertemperatur des
Benutzers zu schéatzen, die eine minimale Kor-
pertemperatur darstellt.

System nach Anspruch 1, wobei der Datenprozessor
ferner eingerichtet ist, die Basalkorpertemperatur
durch Vergleichen der ersten Temperaturmessun-
gen, die wahrend einer Schlafperiode genommen
werden, mit Temperatur-Zeitkurven, die wahrend
friherer Schlafperioden genommen wurden, zu
schatzen.

System nach Anspruch 1 oder 2, wobei der Daten-
prozessor konfiguriert ist, die Basalkérpertempera-
tur unter Verwendung der Anderungsrate der ersten
Temperatur im Laufe der Zeit zu schatzen.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenloggergerat in einem der fol-
genden integriert ist:

(a) einem Paket, das zur Implantation in einen
tierischen oder menschlichen Kérper geeignet
ist;

(b) einem Klebepflaster, das zum Tragen aufder
Haut geeignet ist;

(c) einem Kleidungsstiick oder einem anderen
tragbaren Gegenstand; und

(d) einer Schutzhiille.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenlesegerat ein Gehause um-
fasst und der Datenprozessor in dem Gehause des
Datenlesegerats integriert ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenlesegerat ein Handgeréat ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenlesegerat einen Speicher zum
Speichern der vom Datenloggergerat empfangenen
Daten beinhaltet.
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System nach einem der vorhergehenden Anspri-
che, wobei das Datenlesegeréat ein Display (303)
zum Anzeigen der vom Datenloggergerat empfan-
genen Daten beinhaltet.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenlesegerat eingerichtet ist, zu-
mindest einen Teil der vom Datenlogger empfange-
nen Daten durch eine drahtgebundene oder draht-
lose Kommunikation mit dem Datenprozessor ver-
figbar zu machen.

System nach einem der vorhergehenden Anspri-
che, wobei das Datenloggergeréat ferner einen Be-
schleunigungssensor (106) oder andere Mittel zum
Messen einer Bewegung des Benutzers umfasst
und die Steuerlogik ferner konfiguriert ist, Reprasen-
tationen der Bewegungsmessungen im Datenspei-
cher zu speichern, wobei der Datenprozessor be-
triebsfahig ist, zumindest einen Teil der Temperatur-
messungen aufler Acht zu lassen, die gemessen
wurden, als eine der folgenden Bedingungen erfiillt
war:

(a) die Schwankung der Bewegungsmessun-
gen uberschritt einen vorgegebenen

Wert;

(b) die Bewegungsmessungen lberschritten ei-
nen vorgegebenen Wert.

System nach einem der Anspriiche 1 bis 9, wobei
das Datenloggergerat ferner einen Beschleuni-
gungssensor oder andere Mittel zum Messen einer
Bewegung des Benutzers umfasst und die Steuer-
logik ferner konfiguriert ist, zumindest einen Teil der
Repréasentationen der ersten Temperaturmessun-
gen nichtim Datenspeicher zu speichern, wenn eine
der folgenden Bedingungen erfillt ist:

(a) die Schwankung vorheriger Bewegungs-
messungen Uberschreitet einen vorgegebenen
Wert;

(b) zumindest eine vorherige Bewegungsmes-
sung Uberschreitet einen vorgegebenen Wert.

System nach einem der Anspriiche 1 bis 9, wobei
der Datenprozessor ferner Eingangsmittel aufweist,
die betriebsfahig sind, Bewegungsdaten fiir den Be-
nutzer zu empfangen, und der Datenprozessor be-
triebsfahig ist, zumindest einen Teil der ersten Tem-
peraturmessungen aufler Acht zu lassen, die ge-
messen wurden, als eine der folgenden Bedingun-
gen erfiillt war:

(a) die Schwankung der durch die Bewegungs-
daten reprasentierten Messungen Uberschritt
einen vorgegebenen Wert;

(b) die durch die Bewegungsdaten reprasentier-
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ten Messungen Uberschritten einen vorgegebe-
nen Wert.

System nach einem der vorhergehenden Anspri-
che, wobei der erste Temperatursensor ein Haut-
temperatursensor ist, das Datenloggergerat ferner
einen zweiten Temperatursensor (108) umfasst und
die Steuerlogik ferner konfiguriert ist, Reprasentati-
onen zweiter Temperaturmessungen des zweiten
Temperatursensors im Datenspeicher zu speichern.

System nach Anspruch 13, wobei der zweite Tem-
peratursensor eingerichtet ist, die Umgebungstem-
peratur des Benutzers zu messen, und das Daten-
lesegerat konfiguriert ist, jede Messung des ersten
Temperatursensors in Abhangigkeit von der ent-
sprechenden Messung des zweiten Temperatursen-
sors zu verarbeiten, um eine Schatzung der Koérper-
kerntemperatur des Benutzers zu bilden.

System nach einem der vorhergehenden Anspri-
che, wobei der Datenprozessor ferner konfiguriert
ist, die Schatzung der Basalkdrpertemperatur in Ab-
hangigkeit von zumindest einem der folgenden zu
bilden:

(a) einer Anderungsrate bei einer beliebigen der
Temperaturmessungen;

(b) einer Anderungsrate innerhalb der Ande-
rungsrate bei einer beliebigen der Temperatur-
messungen.

System nach einem der vorhergehenden Anspri-
che, wobei der Datenlogger eingerichtet ist, zumin-
dest einen Teil seiner gespeicherten Daten mittels
drahtgebundener oder drahtloser Ubertragung an
den Datenleser zu senden.

Revendications

1.

Systeme d’estimation de la température corporelle
de base comprenant :

un dispositif enregistreur de données (301)
comprenant :

un premier capteur de température (106)
pour la mesure d’'une premiére température
d’un utilisateur ;

une mémoire de données (110) pour le stoc-
kage d’une pluralité de premiéres mesures
de température en tant qu'un premier en-
semble de données physiologiques ;

une logique de commande (112) configurée
pour stocker des représentations de pre-
mieéres mesures de température dans la
mémoire de données, la logique de com-
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mande incluant un temporisateur destiné a
permettre le stockage périodique desrepré-
sentations a des intervalles réguliers ;

un émetteur-récepteur (116) pouvant fonc-
tionner pour transmettre au moins certaines
des données stockées ;

un dispositif de lecture de données (307)
comprenant un récepteur pouvant fonction-
ner pour recevoir au moins une partie du
premier ensemble de données physiologi-
ques stocké a partir du dispositif enregis-
treur de données ; et

un processeur de données (309) pouvant
fonctionner pour recevoir le premier ensem-
ble de données physiologiques ;

caractérisé en ce que le processeur de don-
nées est agencé pour extrapoler une diminution
de la température corporelle indiquée par les
premiéres mesures de température effectuées
pendant une période de sommeil afin d’estimer
une température corporelle de base de I'utilisa-
teur, représentative d’'une température corpo-
relle minimale.

Systéme selon la revendication 1, dans lequel le pro-
cesseur de données est en outre agencé pour esti-
mer la température corporelle de base en comparant
les premiéres mesures de température prises pen-
dant une période de sommeil aux courbes de tem-
pérature en fonction du temps prises pendant les
périodes de sommeil précédentes.

Systéme selon la revendication 1 ou 2, dans lequel
le processeur de données est configuré pour estimer
latempérature corporelle de base en utilisant le taux
de variation de la premiére température en fonction
du temps.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif enregistreur
de données est incorporé dans I'un des éléments
suivants :

(a) un emballage congu pour étre implanté dans
un animal ou un corps humain ;

(b) un timbre adhésif congu pour étre porté sur
la peau ;

(c) un article d’habillement ou un autre article
vestimentaire ; et

(d) une coque de protection.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de lecture de
données comprend un boitier et le processeur de
données est incorporé dans le boitier du dispositif
de lecture de données.
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Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de lecture de
données est un dispositif portatif.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositiflecteur de don-
nées comprend une mémoire pour le stockage des
données regues du dispositif enregistreur de don-
nées.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif lecteur de don-
nées comprend un écran (303) pour I'affichage des
données regues du dispositif enregistreur de don-
nées.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de lecture de
données est congu pour rendre disponible par com-
munication filaire ou sans fil avec le processeur de
données au moins certaines des données regues de
I'enregistreur de données.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif enregistreur
de données comprend en outre un accéléromeétre
(106) ou un autre moyen permettant la mesure du
mouvement de I'utilisateur et la logique de comman-
de est en outre configurée pour stocker des repré-
sentations des mesures de mouvement dans la mé-
moire de données, le processeur de données pou-
vant fonctionner pour ignorer au moins certaines des
mesures de température qui ont été mesurées lors-
que l'une des conditions suivantes était vraie :

(a) la variation des mesures de mouvement a
dépassé une valeur prédéterminée ;

(b) les mesures de mouvement ontdépassé une
valeur prédéterminée.

Systeme selon I'une quelconque des revendications
1 a9, dans lequel le dispositif enregistreur de don-
nées comprend en outre un accélérometre ou un
autre moyen de mesure du mouvement de I'utilisa-
teur et la logique de commande est en outre confi-
gurée pour ne pas stocker au moins certaines des
représentations des premieres mesures de tempé-
rature au niveau de la mémoire de données lorsque
I'une des conditions suivantes est vraie :

(a) la variation dans les mesures de mouvement
précédentes dépasse une valeur
prédéterminée ;

(b) au moins une mesure de mouvement précé-
dente dépasse une valeur prédéterminée.

Systeme selon I'une quelconque des revendications
1 a9, dans lequel le processeur de données com-
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porte en outre un moyen d’entrée pouvant fonction-
ner pour recevoir des données de mouvement pour
I'utilisateur et le processeur de données peut fonc-
tionner pour ignorer au moins certaines des premié-
res mesures de température qui ont été mesurées
lorsque les conditions suivantes étaient vraies :

(a) la variation des mesures représentée par les
données de mouvement a dépassé une valeur
prédéterminée ;

(b) les mesures représentées par les données
de mouvement dépassaient une valeur prédé-
terminée.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le premier capteur de tem-
pérature est un capteur de température dermique,
le dispositif enregistreur de données comprend en
outre un second capteur de température (108) et la
logique de commande est en outre configurée pour
stocker des représentations des secondes mesures
de température du capteur de température dans la
mémoire de données.

Systéme selon la revendication 13, dans lequel le
second capteur de température est congu pour me-
surer la température ambiante de I'utilisateur et le
dispositif de lecture de données est configuré pour
traiter chaque mesure du premier capteur de tem-
pérature en fonction de la mesure correspondante
du second capteur de température afin de former
une estimation de la température corporelle centrale
de l'utilisateur.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le processeur de données
est en outre configuré pour former I'estimation de la
température corporelle de base en fonction d’au
moins I'un des éléments suivants :

(a) un taux de variation de I'une quelconque des
mesures de température ;

(b) un taux de variation du taux de variation de
I'une quelconque des mesures de température.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel I'enregistreur de données
est congu pour transmettre au moins certaines de
ses données stockées au lecteur de données par
transmission filaire ou sans fil.
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