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(57) Abstract: A device(10) for monitoring the glucose concentration of a blood sample or other temperature-dependent properties
of an external sample(11), the device comprising a temperature sensor (14) for measuring the absolute internal temperature within or
adjacent to the device(10) and a processor(17) for estimating the temperature of the external sample(11) from the measured absolute
internal temperature. Also disclosed is a method of operation of the device.
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ESTIMATING AMBIENT TEMPERATURE FROM INTERNAL TEMPERATURE SENSOR, IN
PARTICULAR FOR BLOOD GLUCOSE MEASUREMENT

The present invention relates to monitoring devices and more particularly but not

exclusively to devices for monitoring the concentration of glucose in a blood sample.

It is often necessary to accurately measure the concentration of glucose in a blood
sample. Such a procedure is particularly important in the treatment of diabetes where
inaccurate measurements can have potentially fatal consequences. Commercially
available blood glucose meters estimate the blood glucose concentration through
exploitation of the electrical properties of blood. A typical blood glucose monitoring
device comprises a housing which encloses components used to measure the
electrical properties of the blood sample. A socket is provided in the housing for
receiving a strip to which a blood sample is applied. The strip comprises a plurality of
conducting tracks which an incomplete electrical circuit. The user applies a sample of
blood to the strip to bridge a gap between the conductive tracks and complete the
electrical circuit, thereby enabling measurement of one or more electrical properties

of the blood sample.

The electrical properties of the circuit are extremely sensitive to temperature in the
vicinity of the blood sample. Consequently, accurate blood glucose measurements
can only be obtained if the absolute temperature in the vicinity of the blood sample is
known to an accuracy of 2 degrees Celsius. One known device uses an assumed
temperature value but a disadvantage of this is that the actual temperature may be
considerably different. Another known device comprises a temperature sensor
disposed within housing. A disadvantage of this arrangement is that the heat
generated by the components within the housing can significantly increase the

measured temperature.

We have now devised an improved method and device for monitoring an external

sample.

In accordance with the present invention there is provided a method for estimating
the external ambient temperature outside a substantially enclosed device, wherein
the method comprises measuring the absolute internal temperature within or
adjacent to the device, and estimating the external temperature from the measured

absolute internal temperature.
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Preferably, the method further comprises calculating the level of heat generated
within the device and using the result in the estimation of the external temperature

from the measured absolute internal temperature.

Preferably, the calculation of the heat generated within the device comprises
ascertaining modes of operation of at least one heat source within the unit and using
a-priori knowledge of power output of the at least one heat source for a given mode

of operation to calculate the heat generated within the device.

Preferably, the estimation of the external temperature from the measured absolute

internal temperature accounts for the thermal conductivity of the device.

Preferably, the estimation of the external temperature comprises execution of an
algorithmic procedure relating the external temperature to the measured absolute

internal temperature.

Alternatively, or in addition thereto, the estimation of the external temperature
comprises or further comprises consultation of a database, wherein the database
comprises a list of possible absolute internal temperatures with corresponding

external temperatures.

In accordance with the present invention there is also provided a method of
measuring blood glucose concentration, the method comprising measuring the
electrical properties of a blood sample, estimating the temperature of the blood
sample, and calculating the glucose concentration of the blood sample from the
electrical properties and the temperature, wherein estimation of the temperature of
the blood sample comprises measuring the absolute internal temperature within or
adjacent to the device, and estimating the external temperature from the measured

absolute internal temperature.

In accordance with the present invention there is also provided a device for
monitoring temperature-dependent properties of an external sample, wherein the

device comprises a temperature sensor for measuring the absolute internal
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temperature within or adjacent to the device, and means for estimating the

temperature of the external sample from the measured absolute internal temperature.

Preferably, the device further comprises at least one heat source and means for
calculating the heat generated by the at least one heat source, the result of the
calculation being used in the calculation of the external temperature from the

measured absolute internal temperature.

Preferably, the means for calculating the heat generated by the at least one heat
source comprises means for ascertaining modes of operation of the at least one heat
source and uses a-priori knowledge of power output of the at least one heat source

for a given mode of operation to calculate the heat generated.

Preferably, the estimation of the external temperature from the measured absolute

internal temperature accounts for the thermal conductivity of the device.

Preferably, the means for estimating the temperature of the external sample
comprises an algorithmic procedure relating the external temperature to the

measured absolute internal temperature.

Preferably, the means for estimating the temperature of the external sample
comprises or further comprises a database, wherein the database comprises a list of

possible absolute internal temperatures with corresponding external temperatures.

Preferably, the external sample is a blood sample and the device comprises means

for measuring blood glucose concentration.

An embodiment of the present invention will now be described by way of example

only and with reference to the accompanying drawings, in which:

Figure 1 is a schematic illustration of the device according to the third embodiment of

the present invention, wherein the device is connected to an external sample; and

Figure 2 is a schematic plot showing:
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The normalised difference between the internal temperature & at time t
and the internal temperature at t=0 (denoted by&&i {i}} ;
The normalised rate of change of the internal temperature difference &&{t

&4 {agy (1)
(denotedby &t ).

Referring to Figure 1 of the drawings, there is illustrated a device 10 for monitoring
properties of an external blood sample 11 in accordance with the present invention.

A connecting strip 12 is coupled to the device 10 via a socket 13. The connecting
strip 12 comprises several conducting tracks (not shown) arranged an incomplete
electrical circuit (not shown). The application of the external blood sample 11 to the
connecting strip 12 completes the electrical circuit (not shown), thereby enabling

measurement of the electrical properties of the blood sample 11.

The device 10 comprises a microprocessor 17 for calculating the blood glucose
concentration from the electrical properties of the blood sample 11 and a temperature
sensor 14 for measuring the absolute internal temperature. The microprocessor 17
and temperature sensor 14 are substantially enclosed by housing 15. The
microprocessor 17 acts as a heat source; this may be the only heat source or may be

supplemented by additional heat sources such as a screen 16.

In use, the heat output from the microprocessor 17 and possible other heat sources
16 gives rise to a time dependent absolute internal temperature ©;. The rate of
change of the absolute internal temperature ©; with time may be approximately
described by a first order differential equation. From this relationship, the difference
between the internal temperature & at time t and the internal temperature & at t=0

is found to be:

as = 831 - %)

Where €3 is the final (t =) steady state difference between the internal
temperature 5 and external temperature S and the time constant 1 has possible
dependence on variables such as the heat generated by heat sources 14, 16 within

the device 10 and the thermal conductivity of the walls of the device 10 (illustrated
schematically by the arrow in Figure 1). Both 8% and the time constant T are
constant for any given mode of operation and device design (wall material, wall

thickness etc) and may be determined empirically.



WO 2013/045897 PCT/GB2012/052335

10

15

20

25

30

Referring to Figure 2 of the drawings, there is illustrated a schematic plot of the
normalised difference between the internal temperature & at time t and the internal
temperature & at t=0 (&% {£}} , and the normalised rate of change of the internal
¢ (8%, (1))
temperature difference 2t
In order to accurately determine the blood glucose concentration from the electrical
properties of the blood sample 11, the temperature in the vicinity of the measurement
must be known to an accuracy of 2 degrees Celsius. The temperature sensor 14 is
contained within the walls of the device 10 so only the absolute internal temperature
is directly measurable. Therefore the temperature in the vicinity of the measurement
(i.e. the temperature of the external blood sample) (¥} must be calculated from the
absolute internal temperature Z:{} using the relationship:
AOE-NOENCNG
Where £alt¥ is the difference between the internal and external temperatures; this
must be calculated from &&:{£} If the device has not recently been in use then the
initial internal temperature 8:{t = 8} s equivalent to the external temperature Ze- In
this case the difference between the internal and external temperatures Zs &} is
simply equivalent to &&{£} and may therefore be found directly from the plot shown
in Figure 2. However, if the device is cooling from previous use and is subsequently
switched on then the situation is more complex. In this case, calculation of
st} demands that the internal temperature & is measured at least twice within

some time interval and the rate of change of internal temperature with time

H

gt is calculated. This enables the device 10 or the user (not shown) to

a T o o R
d 14883, (1))

consult a plot such as that shown in Figure 2 in order to find an equivalent value for t

such that the relationship s () = 4&:i{tepuie) may be employed and hence the

external temperature Fe{t} calculated.

In both cases, once the external temperature €:{t} has been estimated, it is
combined with measurements of the electrical properties of the blood sample 11 in

order to calculate the blood glucose concentration.
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From the foregoing therefore, it is evident that the present invention provides for a
simple yet effective means of monitoring the temperature-dependent properties of an

external sample.



WO 2013/045897

10

15

20

25

30

35

—_—

PCT/GB2012/052335

CLAIMS

. A method for estimating the external ambient temperature outside a

substantially enclosed device, wherein the method comprises measuring
the absolute internal temperature within or adjacent to the device, and
estimating the external temperature from the measured absolute internal

temperature.

A method according to claim 1, wherein the method further comprises
calculating the level of heat generated within the device and using the
result in the estimation of the external temperature from the measured

absolute internal temperature.

A method according to claim 2, wherein the calculation of the heat
generated within the device comprises ascertaining modes of operation
of at least one heat source within the unit and using a-priori knowledge
of power output of the at least one heat source for a given mode of

operation to calculate the heat generated within the device.

A method according to any preceding claim, wherein the estimation of
the external temperature from the measured absolute internal

temperature accounts for the thermal conductivity of the device.

A method according to any of the preceding claims, wherein the
estimation of the external temperature comprises execution of an
algorithmic procedure relating the external temperature to the measured

absolute internal temperature.

A method according to any of the preceding claims, wherein the
estimation of the external temperature comprises or further comprises
consultation of a database, wherein the database comprises a list of
possible absolute internal temperatures with corresponding external

temperatures.
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A method of measuring blood glucose concentration, the method
comprising measuring the electrical properties of a blood sample,
estimating the temperature of the blood sample, and calculating the
glucose concentration of the blood sample from the electrical properties
and the temperature, wherein estimation of the temperature of the blood
sample comprises measuring the absolute internal temperature within or
adjacent to the device, and estimating the external temperature from the

measured absolute internal temperature.

A device for monitoring temperature-dependent properties of an external
sample, wherein the device comprises a temperature sensor for
measuring the absolute internal temperature within or adjacent to the
device, and means for estimating the temperature of the external sample

from the measured absolute internal temperature.

A device according to claim 8, wherein the device further comprises at
least one heat source and means for calculating the heat generated by
the at least one heat source, the result of the calculation being used in
the calculation of the external temperature from the measured absolute

internal temperature.

A device according to claim 9, wherein the means for calculating the
heat generated by the at least one heat source comprises means for
ascertaining modes of operation of the at least one heat source and
uses a-priori knowledge of power output of the at least one heat source

for a given mode of operation to calculate the heat generated.

A device according to any of claims 8 to 10, wherein the estimation of
the external temperature from the measured absolute internal

temperature accounts for the thermal conductivity of the device.

A device according to any of claims 8 to 11, wherein the means for

estimating the temperature of the external sample comprises an
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algorithmic procedure relating the external temperature to the measured

absolute internal temperature.

13. A device according to any of claims 8 to 12, wherein the means for

5 estimating the temperature of the external sample comprises or further
comprises a database, wherein the database comprises a list of possible
absolute internal temperatures with  corresponding external
temperatures.

10 14. A device according to any of claims 8 to 13, wherein the external sample

15

is a blood sample and the device comprises means for measuring blood

glucose concentration.
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