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(57) Abstract: A system for a meter configured to determine an analyte concentration of a fluid sample includes a housing and a
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based on historical temperature data received from the temperature sensor such that the predicted temperature value remains con-
stant if a recently received temperature value remains within predetermined upper and lower temperature thresholds and the re-
cently received temperature value exceeds the at least one predicted temperature value.
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SYSTEM AND METHOD FOR PREDICTING AMBIENT TEMPERATURE IN
A FLUID ANALYTE METER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Application No.
61/233,372, filed August 12, 2009; this application also claims priority to and the benefit of U.S.
Provisional Application No. 61/200,568, filed November 28, 2008; this application further
claims priority to and the benefit of U.S. Provisional Application No. 61/160,084, filed March
13, 2009; this application additionally claims priority to and the benefit of U.S. Provisional
Application No. 61/102,661, filed October 3, 2008; all of foregoing applications being hereby

incorporated by reference herein in their entireties.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the prediction of ambient temperatures in
fluid analyte meters powered by battery, and more particularly, to the prediction of ambient

temperature readings during various states of a fluid analyte meter.

BACKGROUND OF THE INVENTION

[0003] The quantitative determination of analytes in body fluids is of great importance in the
diagnoses and maintenance of certain physiological conditions. For example, lactate,
cholesterol, and bilirubin should be monitored in certain individuals. In particular, determining
glucose in body fluids is important to individuals with diabetes who must frequently check the
glucose level in their body fluids to regulate the glucose intake in their diets. The results of such
tests can be used to determine what, if any, insulin or other medication needs to be administered.
In one type of testing system, test sensors are used to test a fluid such as a sample of blood.

[0004] Many individuals test their blood glucose several times per day. Thus, the individuals
often must carry with them a meter for determining the glucose concentration of their blood.
The individuals may also carry with them other analyte-testing instruments, including test
sensors, a lancet, disposable lancets, a syringe, insulin, oral medication, tissues, or the like.
Thus, the individuals are able to perform testing of their blood glucose at different locations

including their homes, places of employment, places of recreation, or the like. Carrying the
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meter and/or other analyte-testing instruments to these various locations may be inconvenient for
the individual.

[0005] Blood glucose meters can be powered using different types of powering
configurations such as batteries or adapters that can be plugged into a standard outlet. The use of
batteries allows the device to have a level of portability and mobility without having to be near a

power outlet, such as when a user is outside.

SUMMARY OF THE INVENTION

[0006] According to one embodiment, a meter is configured to determine an analyte
concentration of a fluid sample. The meter includes a housing and a temperature sensor disposed
within the housing. A processor is configured to receive temperature data from the temperature
sensor upon the meter entering at least one of a charge state and a discharge state. The processor
is further configured to predict at least one temperature value that approximates the ambient
temperature outside of the housing. The at least one predicted temperature value is based on
stored historical temperature data associated with the temperature sensor such that the predicted
temperature value remains constant if a recently received temperature value remains within
predetermined upper and lower temperature thresholds and the recently received temperature
value exceeds the at least one predicted temperature value.

[0007] According to another embodiment, a meter is configured to determine an analyte
concentration of a fluid sample. The meter includes a housing having a display thereon with the
display operable to display the analyte concentration of the fluid sample. A temperature sensor
is disposed within the housing. A processor is configured to receive temperature data from the
temperature sensor during a charge state of the meter. A prediction of the ambient temperature
external to the housing is based on the received temperature data and an estimate of heating of
the meter due to heat generated during the charge state of the meter. The estimate of heating
includes charge current.

[0008] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter includes a housing, a temperature sensor
disposed within the housing, and a processor configured to receive temperature data obtained
from the temperature sensor upon the meter entering at least one of a charge state and a

discharge state. The processor is further configured to predict at least one temperature value that
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approximates the ambient temperature outside of the housing. The at least one predicted
temperature value is based on one or more of a first period of time associated with the meter
being connected to an external charge source, a second period of time immediately after the
meter is disconnected from the external charge source, a third period of time based on variable
activity states associated with components within the meter; or any combination thereof.

[0009] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having a temperature sensor disposed thereon and a processor disposed within the printed circuit
board. The processor is configured to receive temperature data obtained from the temperature
sensor during a charge state and a discharge state as determined by state data received by the
processor. The processor is further configured to predict a temperature value that approximates
an ambient temperature surrounding the meter module. The predicted temperature value is
determined at least partially from the received temperature data and a temperature correction
value. The temperature correction value is based on a first period of time associated with the
meter being in the charge state. The first period of time has a predetermined upper time
threshold such that if the first period of time exceeds the predetermined upper time threshold the
temperature correction value is based on the predetermined upper time threshold and if the first
period of time is less than the predetermined upper time threshold the temperature correction
value is based on the first period of time.

[0010] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having a temperature sensor disposed thereon and a processor disposed within the printed circuit
board. The processor is configured to receive temperature data obtained from the temperature
sensor during a charge state and a discharge state as determined by state data received by the
processor. The processor is further configured to predict a temperature value that approximates
an ambient temperature surrounding the meter module. The predicted temperature value is
determined at least partially from the received temperature data and a temperature correction
value. The temperature correction value is based on a predetermined rate of temperature
decrease for the meter module such that if the received temperature data decreases at a rate
similar to the predetermined rate of temperature decrease then the processor remains in a

standard operating mode and if the received temperature data decreases at a rate that exceeds the
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predetermined rate of temperature decrease then the processor implements a suspect-value
routine.

[0011] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having a temperature sensor disposed thereon and a processor disposed within the printed circuit
board. The processor is configured to receive temperature data obtained from the temperature
sensor during a discharge state as determined by state data received by the processor. The
processor is further configured to receive a discharge time associated with an instance at which
the meter module entered the discharge state. The processor is further configured to predict a
temperature value that approximates an ambient temperature surrounding the meter module. The
predicted temperature value is determined at least partially from the received temperature data.
The received temperature data includes a first temperature value recorded at a first time and a
second temperature value recorded at a second time. The predicted temperature value is based
on the second temperature value if the difference between the first time and the second time
exceeds a predetermined first threshold and is further based on a temperature correction value
applied to the second temperature value if the difference between the second time and the
discharge time is below a predetermined second threshold.

[0012] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having a temperature sensor disposed thereon and a processor disposed within the printed circuit
board. The processor is configured to receive temperature data obtained from the temperature
sensor during a discharge state as determined by state data received by the processor. The
processor is further configured to receive a discharge time associated with an instance at which
the meter module entered the discharge state. The processor is further configured to predict a
temperature value that approximates an ambient temperature surrounding the meter module. The
predicted temperature value is determined at least partially from the received temperature data.
The received temperature data includes a first temperature value recorded at the discharge time
and a second temperature value recorded at a second time after the first time. The processor is
further configured to determine the difference between the first time and the second time, and if
the difference exceeds a predetermined threshold time, a rate of temperature decrease is

determined from temperature data recorded at predetermined time intervals subsequent to the
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second time. A first event subroutine is implemented by the processor if the rate of temperature
decrease exceeds a predetermined rate threshold. The determination of the rate of temperature
decrease is continued if the determined rate of temperature decrease is below the predetermined
rate threshold such that the determination of the rate of temperature decrease continues until the
occurrence of a predetermined event.

[0013] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having a temperature sensor disposed thereon. A processor is disposed within the printed circuit
board and is configured to receive temperature data from the temperature sensor during a charge
state and a discharge state as determined by state data received by the processor. The processor
is further configured to predict a temperature value that approximates an the ambient temperature
surrounding the meter module. The predicted temperature value is based on a temperature value
received from the temperature sensor, one or more predetermined target temperature rise values
associated with power consumption data received by the processor, and a first temperature rise
value associated with one of the predetermined target temperature rise values.

[0014] According to another embodiment, a meter module is configured to determine an
analyte concentration of a fluid sample. The meter module includes a printed circuit board
having an interface for receiving information including temperature data associated with a
temperature sensor. The processor is disposed within the printed circuit board and is configured
to receive the temperature data during a charge state and a discharge state as determined by state
data received by the processor. The processor is further configured to predict a temperature
value that approximates an the ambient temperature surrounding the meter module. The
predicted temperature value is based on a temperature value associated with the received
temperature data, one or more predetermined target temperature rise values associated with
power consumption data received by the processor, and a first temperature rise value associated
with one of the predetermined target temperature rise values.

[0015] According to another embodiment, a device is configured to determine an analyte
concentration of a fluid sample. The device includes a housing, a temperature sensor disposed
on or within the housing, and a processor configured to receive temperature data from the
temperature sensor during a charge state and a discharge state associated with the device. The

processor is further configured to predict a temperature value that approximates the ambient
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temperature outside of the housing. The predicted temperature value is based on a temperature
value received from the temperature sensor, one or more predetermined target temperature rise
values associated with power consumption data received by the processor, and a first temperature
rise value associated with one of the predetermined target temperature rise values.

[0016] According to a further embodiment, a system for determining an analyte
concentration in a fluid sample includes a test sensor and a meter. The test sensor includes a
fluid-receiving area for receiving a fluid sample, the fluid-receiving area containing a reagent
that produces a measurable reaction with an analyte in the sample, the test sensor having a test-
sensor reaction temperature corresponding to the reaction between the reagent and the analyte.
The meter includes an opening configured to receive the test sensor and a measurement system
configured to determine a measurement of the reaction between the reagent and the analyte. The
meter also includes a temperature-measuring system configured to determine the test-sensor
reaction temperature by taking a plurality of temperature measurements after the test sensor is
received into the opening and fitting the plurality of temperature measurements to a model that
accounts for heat transfer between the meter and the test sensor. The meter then determines a
concentration of the analyte in the sample using the measurement of the reaction and the
measurement of the test-sensor reaction temperature.

[0017] Additional aspects of the invention will be apparent to those of ordinary skill in the
art in view of the detailed description of various embodiments, which is made with reference to

the drawings, a brief description of which is provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illustrates a fluid analyte system including a device and a meter module
according to one embodiment.

[0019] FIG. 2 illustrates a fluid analyte system including an integrated device that provides a
measurement system and a user interface according to another embodiment.

[0020] FIG. 3a illustrates a portable fluid analyte device with a USB interface according to
another embodiment.

[0021] FIG. 3b illustrates a side view of the portable device of FIG. 3a.

[0022] FIG. 4a illustrates a front view of a portable device with a display and a battery

according to another embodiment.
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[0023] FIG. 4b illustrates a side view of the portable device from FIG. 4a.

[0024] FIG. 5 illustrates a charging circuit for a rechargeable battery according to another
embodiment.

[0025] FIG. 6 illustrates a charging algorithm having a high temperature-rise phase used to
charge a battery according to another embodiment.

[0026] FIG. 7 illustrates a temperature prediction during charging of a battery according to
another embodiment.

[0027] FIG. 8 illustrates a temperature prediction during discharge of a battery according to
another embodiment.

[0028] FIG. 9 illustrates a logical flow diagram of one method for predicting temperature
during a battery discharge mode according to another embodiment.

[0029] FIG. 10 illustrates a logical flow diagram of a method for predicting temperature
during a data transfer mode according to another embodiment.

[0030] FIG. 11 illustrates a logical flow diagram of another method for predicting
temperature during a battery discharge mode according to another embodiment.

[0031] FIG. 12 illustrates a logical flow diagram of a method for monitoring USB activity
time according to an embodiment.

[0032] FIG. 13 illustrates a logical flow diagram of a method for monitoring mass storage
activity time according to an embodiment.

[0033] FIG. 14 illustrates temperature rise in a meter associated with USB activity according
to an embodiment.

[0034] FIGS. 15a and 15b illustrates temperature rise in a meter associated with USB activity
and mass storage activity, according to an embodiment.

[0035] FIG. 16 illustrates temperature changes due to charging of a meter directly connected
to a power source, according to an embodiment.

[0036] FIG. 17 illustrates temperature changes due to a change in the medium surrounding
the meter followed by charging of a meter indirectly connected to a power source, according to
an embodiment.

[0037] FIG. 18 illustrates temperature changes following charging of a meter directly

connected to a power source according to an embodiment.
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[0038] FIG. 19 illustrates temperature changes following charging of a meter indirectly
connected to a power source according to an embodiment.

[0039] FIG. 20 illustrates various meter states for temperature prediction methods according
to an embodiment.

[0040] FIG. 21 illustrates temperature thresholds for predicting ambient temperature
according to an embodiment.

[0041] FIGS. 22a and 22b illustrate a logical flow diagram of a method for predicting
temperature during a test mode according to an embodiment.

[0042] FIGS. 23a and 23D illustrate a logical flow diagram of a method for monitoring time
for certain temperature-related operations according to an embodiment.

[0043] FIG. 24 illustrates a logical flow diagram for storing temperature-related data
according to an embodiment.

[0044] FIG. 25 illustrates a fluid analyte system including an integrated device that provides
a measurement system and a user interface according to another embodiment.

[0045] FIG. 26 illustrates the tracking of time based on the charge state of a battery for
determining a temperature target based on power consumption according to one embodiment.
[0046] FIG. 27 illustrates a temperature profile for different discharge states of a battery for a
fluid analyte meter according to another embodiment.

[0047] FIG. 28 illustrates linear approximations of temperature rise targets for a fluid analyte
meter at different battery discharge states according to another embodiment.

[0048] FIG. 29 illustrates linear approximations of temperature rise targets for a fluid analyte
meter in a charge state according to another embodiment.

[0049] FIG. 30 illustrates a linear approximation of temperature rise change according to
another embodiment.

[0050] FIG. 31 illustrates a logical flow diagram of a method for tracking temperature rise in
a meter during a low-power consumption state according to another embodiment.

[0051] FIG. 32 illustrates a logical flow diagram of a method for predicting temperature
during a testing state of a meter according to another embodiment.

[0052] FIG. 33 illustrates a test sensor inserted into a meter according to aspects of the

present invention.
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[0053] FIG. 34 illustrates a graph of the temperature 7 at the measured areca of a test sensor
as a function of time ¢ after the test sensor inserted into a meter according to aspects of the
present invention.

[0054] FIG. 35 illustrates an iteration method for determining a test-sensor reaction
temperature according to aspects of the present invention.

[0055] FIG. 36 illustrates logical flow diagram of a method for tracking temperature rise in a
meter during a low-power consumption state according to another embodiment.

[0056] While the invention is susceptible to various modifications and alternative forms,
specific embodiments are shown by way of example in the drawings and are described in detail
herein. It should be understood, however, that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of the invention.

DETAILED DESCRIPTION

[0057] Measurement of blood glucose concentration is typically based on a chemical
reaction between blood glucose and a reagent. The chemical reaction and the resulting blood
glucose reading as determined by a blood glucose meter is temperature sensitive. Therefore, a
temperature sensor is typically placed inside a blood glucose meter. The calculation for blood
glucose concentration in such meters typically assumes that the temperature of the reagent is the
same as the temperature reading from a sensor placed inside the meter. However, if the actual
temperature of the reagent and the sensor are different, the calculated blood glucose
concentration will not be accurate. An increase in temperature or the presence of a heat source
within or near a blood glucose meter will generally result in erroncous blood glucose
measurements.

[0058] Batteries available for use in blood glucose meters can include rechargeable batteries.
The use of a rechargeable battery for a blood glucose meter requires the battery to have a charge
for the meter to function.

[0059] A system and method for predicting an ambient temperature for use in a fluid analyte
meter, such as a meter for testing blood glucose concentrations, is disclosed herein. A
temperature sensor internal or embedded in the housing of a fluid analyte meter can provide an

estimate of the ambient temperature in or surrounding a fluid analyte meter. In certain



WO 2010/040090 PCT/US2009/059430

- 10 -

embodiments, the temperature measured by the temperature sensor is adopted as the temperature
of a fluid sample placed into the meter for analysis. The measured temperature value from the
temperature sensor is then used in the determination of the analyte concentration of the fluid
sample. The temperature of the fluid sample is assumed to be the same as the ambient
temperature of the surrounding air prior to sample being placed in or near the fluid analyte
device. It is therefore desirable that the temperature measured by the temperature sensor
correctly estimate the ambient temperature. Otherwise, inaccuracies will be introduced into the
determination of the analyte concentration of the sample.

[0060] A fluid analyte device may include various heat-generating elements such as a
rechargeable battery, a screen that may also include a backlight or other form of illumination, a
port light, a processor, a microcontroller, or a charger integrated circuit. It is also contemplated
that a fluid analyte device may be plugged into a heat-generating device such as a battery
charger, a port on a computer, or a portable device. The generation of heat within or through a
connection to the fluid analyte device can cause temperature monitoring element(s) in the fluid
analyte device to differ from the ambient temperature outside of the device. It is contemplated
that certain embodiments within a fluid analyte device include methods that compensate for
temperature changes due to heat generated internal to a fluid analyte device, such as, for
example, heat generated by charging a battery associated with the device, heat generated from an
external device interfaced with the fluid analyte device, or heat generated during various power
consumption activities or states of the fluid analyte device.

[0061] The present disclosures can be useful in temperature-sensitive health monitoring
systems including monitoring systems based on a modular architecture such as the systems
disclosed in U.S. Patent Application No. 12/129,555, filed May 29, 2008, entitled, “Architecture
For Health Monitoring Systems”, the contents of which is hereby incorporated by reference
herein in its entirety.

[0062] FIGS. 1 to 4a-b and 25 illustrate certain embodiments of fluid analyte systems, such
as blood glucose meters. The systems can include electrochemical test-sensors that are used to
determine concentrations of at least one analyte in a fluid. Analytes that may be determined
using the device include glucose, lipid profiles (for example, cholesterol, triglycerides, LDL and
HDL), microalbumin, hemoglobin Alc, fructose, lactate, or bilirubin. The present invention is

not limited, however, to devices for determining these specific analytes and it is contemplated
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that other analyte concentrations may be determined. The analytes may be in, for example, a
whole blood sample, a blood serum sample, a blood plasma sample, or other body fluids like ISF
(interstitial fluid) and urine.

[0063] Although the meters of the illustrated embodiments are generally rectangular, it
should be noted that the cross section of the meters used herein may be other shapes such as
circular, square, hexagonal, octagonal, other polygonal shapes, or oval. A meter is typically
made of a polymeric material. Non-limiting examples of polymeric materials that may be used
in forming the meter include polycarbonate, ABS, nylon, polypropylene, or combinations
thereof. It is contemplated that the meter may be made using non-polymeric materials.

[0064] According to certain embodiments, test-sensors for the systems are typically provided
with a capillary channel that extends from the front or testing end of the sensors to biosensing or
reagent material disposed in the sensor. When the testing end of the sensor is placed into fluid
(for example, blood that is accumulated on a person’s finger after the finger has been pricked), a
portion of the fluid is drawn into the capillary channel by capillary action. The fluid then
chemically reacts with the reagent material in the sensor so that an electrical signal indicative of
the analyte (for example, glucose) concentration in the fluid being tested is supplied and
subsequently transmitted to an electrical assembly.

[0065] Other examples of fluid analyte systems are discussed in U.S. Application No.
12/129,547, filed May 29, 2008, entitled, “System and Method for Managing Health Data”, and
U.S. Application No. 12/129,185, filed May 29, 2008, entitled, “Rapid Charging and Power
Management of a Battery-Powered Fluid Analyte Meter”, the contents of which are each
incorporated by reference herein in their entireties.

[0066] FIG. 1 illustrates an exemplary fluid analyte measurement system 100 including a
meter module 110 with a port 120 for receiving and analyzing a fluid sample on a test sensor
130. The fluid analyte measurement system 100 is generally surrounded by air that is at an
ambient temperature that may fluctuate in response to various environmental conditions. The
test sensor 130 is configured to receive a fluid sample that is subsequently analyzed using the
meter module 110. The test sensor 130 includes a fluid-receiving area (not shown) for receiving
the fluid sample. A user may employ a lancet or a lancing device to pierce a finger or other area
of the body to produce a fluid sample at the skin surface. The user may then collect this sample

(for example, a blood sample) by placing the test sensor 130 in contact with the sample. In
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certain embodiments, the fluid-receiving area contains a reagent that reacts with the sample to
indicate the information related to an analyte in the sample, such as analyte concentration.

[0067] In one embodiment, the test sensor 130 is an clectrochemical test sensor. An
electrochemical test sensor typically includes a plurality of electrodes and a fluid-receiving area
that contains an enzyme. The fluid-receiving area includes a reagent for converting an analyte of
interest — for example, glucose — in a fluid sample — for example, blood — into a chemical
species that is electrochemically measurable. The reagent typically contains an enzyme, such as
glucose oxidase, which reacts with the analyte and with an electron acceptor such as a
ferricyanide salt to produce an electrochemically measurable species that can be detected by the
electrodes. Other enzymes may be used to react with glucose such as glucose dehydrogenase. In
general, the enzyme is selected to react with the desired analyte or analytes to be tested so as to
assist in determining an analyte concentration of a fluid sample. Ifthe concentration of another
analyte is to be determined, an appropriate enzyme is selected to react with the analyte.

[0068] In another embodiment, the test sensor 130 is an optical test sensor. Optical test
sensor systems may use techniques such as transmission spectroscopy, absorption spectroscopy,
diffuse reflectance, fluorescence spectroscopy, fluorescence resonance energy transfer,
combinations thereof, and others for measuring the analyte concentration. An indicator reagent
system and an analyte in a sample of body fluid react to alter light that is directed to the sensor
130. The degree of light alteration is indicative of the analyte concentration in the body fluid.
[0069] In FIG. 1, the meter module 110 receives and engages the test sensor 130. The meter
module 110 measures the concentration of analyte for the sample collected by the test sensor
130. The meter module 110 can include contacts for the electrodes to detect the electrochemical
reaction of an electrochemical test sensor. Alternatively, the meter module 110 can include an
optical detector to detect the degree of light alteration for an optical test sensor. To calculate the
actual concentration of analyte from the electrochemical or optical reaction measured by the
meter module 110 and to generally control the procedure for testing the sample, the meter
module 110 employs at least one processor 140, which may execute programmed instructions
according to a measurement algorithm. Data processed by the processor 140 can be stored in
memory 150. The meter module 110 may also use the same or a different processor for various
operations, such as, for example, power management or temperature functions, including

executing routines for temperature prediction of ambient temperature. Furthermore, the meter
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can include a user interface 160 having a display — for example, a liquid-crystal display, light-
emitting diode display, or the like. Pushbuttons, a scroll wheel, touch screens, or a combination
thereof, can also be provided as a part of the user interface 160 to allow a user to interact with
the meter module 110. The display typically shows information regarding the test results, the
testing procedure and/or information in response to signals input by the user.

[0070] The meter module 110 and/or the portable device 190 can include a processor and an
interface 160, 175 to assist with the downloading and/or analysis of data, for example, blood
glucose readings and time-stamp information, retrieved or stored on the respective devices.
[0071] Although the meter module 110 can store test results and provide the user interface
160 to display test results, it is contemplated that certain embodiments include a data-
management software 192 operating on a portable device 190 to provide more advanced
functionality for managing, processing, and displaying test results and related information. The
portable device 190 can be sized to be easily carried, transported, and stored by an individual.
The portable device 190 can include a memory, or data storage, 194, such as flash memory,
Electrically Erasable Programmable Read-Only Memory (EEPROM), or the like. The memory
194 can be configured to include a combination of storage technologies. The test-related data
collected by the meter module 110 can be downloaded to the portable device 190 for use with a
data-management software 192 stored in memory 194. In certain embodiments, the meter
module 110 includes an interface element 170 that enables the meter module 110 to connect with
the portable device 190 through interface element 175. Examples of connections between the
interface elements 170, 175 may include USB- or RFID-related elements.

[0072] The meter module 110 can have a power supply such as a rechargeable battery 180,
which may be recharged via the connection of the meter module 110 with the portable device
190 or connections to another power source. The portable device 190 can also have a power
supply such as a rechargeable battery 185, which can be recharged using a connection to an
external device having a power source. For example, power can be transferred using a USB
connection between the external device and the portable device 190. When the portable device
190 and the meter module 110 are connected, the battery 185 can be used to recharge the
rechargeable battery 180 which powers the meter module 110, or vice versa. The meter module

110 may also be powered via the portable device 190.
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[0073] It is contemplated that other devices or methods can be used to recharge a battery as
are known in the field of the present disclosure. It is further contemplated that a meter module,
portable meter, or a non-portable meter can be operated with a non-rechargeable battery or other
known power sources appropriate for the size of the fluid-analyte meter or module.

[0074] It is contemplated that in certain embodiments an integrated fluid analyte device 200,
as illustrated in FIG. 2, can incorporate the components and functions of the portable device 190
with the components and functions of the meter module 110. Accordingly, the integrated device
200 can receive an analyte-test sensor 230 via a port 220. The integrated device 200 can also
include a processor 240 that calculates the concentration of analyte in the sample collected by the
test sensor 230. The processor 240 in the integrated device 200 can also process information
from the detection of a reaction between the sample and a reagent on the test sensor 230. The
test results are stored in a memory 294 of the integrated device 200. The memory 294 may have
a capacity in the range of about 500 MB to about 2 GB. The integrated fluid analyte device 200
can also include a user interface 260 that is used to display the test results and to enter input for
various display options.

[0075] In certain embodiments, the integrated device 200 can be a portable blood glucose
meter that provides data processing and display features. Users can employ the integrated device
200 to provide a blood sample via the test sensor 230 and can further access more sophisticated
presentations of blood glucose test data from the integrated device 200 without launching data-
management application on a separate processing device 20. However, as hardware limitations
or the size of the device and associated elements may still prevent all desired functionality to be
incorporated into the integrated device 200, the integrated device 200 retains the ability to launch
the data-management application on a larger processing device 20 and to provide the user with
functionality not available on the integrated device.

[0076] It is contemplated that the integrated device 200 can connect wirelessly to more than
one type of processing device 20, including a laptop PC and mobile communication devices. In
certain embodiments, interface element 270 associated with the integrated device 200 connects
with interface element 26 of the processing device 20 to allow data transfer from the integrated
device 200 to the processing device 20. The processing device 20 may already include data
management software or the data management software 292 from the integrated device 200 can

be used to analyze collected data. The processing device 20 can further include a processor, a



WO 2010/040090 PCT/US2009/059430

-15-

user input device 24, and a display 22 to assist with the downloading and/or analysis of data, for
example, blood glucose readings and time-stamp information, retrieved from the integrated
device 200. In general, the portable device 200 may be integrated with varying levels of
functionalities, such as user interface features and measurement system capabilities. However,
any device employing components and functions of the portable device 200 may include a user
interface, even if it does not incorporate components and functions of the meter module 110.
[0077] FIGS. 3a and 3b illustrate an exemplary embodiment of a fluid analyte meter. Fluid
analyte meter 300 can include some or all of the functionalities and components discussed for the
embodiments described in FIGS. 1 and 2. For example, the fluid analyte meter 300 can be a
portable blood glucose meter that is an integrated device with certain data processing and display
features. A user can employ the fluid analyte meter 300 to analyze a blood sample by inserting a
test sensor into port 320. A port light, such as, a port light emitting diode 325 may be disposed
near the port 320 to illuminate the port area and assist the user with inserting the test sensor. The
fluid analyte meter 300 can also include a battery 380 that may be recharged by a connection via
a USB interface element 370 to either a processing device 20 (FIG. 2), such as a PC, or other
external power supply. If a rechargeable battery is used, a charging integrated circuit 345 may
be included in meter 300 for recharging the battery 380. In certain embodiments, a battery may
be disposed in a cap 302, which fits over the USB interface element 370. The meter 300 can also
include a display 350 that provides information to a user of the meter 300. For example, the
display 350 can include information on the battery strength, a calculated analyte concentration,
historical analyte concentrations, date and time data, and power on/off information.

[0078] The fluid analyte meter 300 can also include one or more thermistors or other types of
temperature sensing devices. For example, a thermistor 330 can be disposed near the port 302
where the test sensor is inserted. A microcontroller with an embedded temperature sensor 340
can also be disposed within the meter 300. The thermistor 330 and/or temperature sensor 340
are connected to a processor or a microcontroller of the meter 300 to allow temperature readings
to be collected. The meter 300 may also use the same or a different microcontroller or processor
for power management, temperature prediction operations, data transfer operation, or to execute
other routines associated with the meter 300. For example, temperature prediction algorithms
can be implemented on the microcontroller or processor to determine an accurate ambient

temperature for use in calculating an analyte concentration.
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[0079] Referring to FIGS. 4a and 4b, another exemplary embodiment of a fluid analyte meter
400 is illustrated according to an embodiment of the present disclosure. The meter 400 can
include some or all of the elements discussed for the embodiments described in FIGS. 1-3. The
meter 400 is desirably sized so that it may fit generally within a user’s purse or pocket. Thus, it
is desirable, though not necessary, that the meter 400 have a long-dimension of less than
approximately 2 to 3 inches to enhance portability. It is also desirable that the meter 100 have a
footprint area of less than about 6 to 9 in>. The meter 400 may even have a footprint area in the
range of about 3 in”. It is contemplated that in certain embodiments the meter 400 or the other
meters described herein may be configured with different dimensions. It is further contemplated
that in certain embodiments a meter may or may not be portable.

[0080] As shown in FIGS. 4a and 4b, the meter 400 includes a display 402 visible through a
front portion 420, a test-sensor dispensing port 404, and a plurality of buttons 406a, 406b. After
a user places a fluid — for example, his or her blood — on a test-sensor, the glucose level is
determined by the meter 400, which displays the glucose reading on the display 402. The
display 402 may display other information besides the analyte concentration. The user may then
press user-interface buttons 406a, 406b to mark the reading accordingly, based on, for example,
whether the reading was taken before or after eating. The glucose reading is then stored in the
meter’s memory device. The user may then go back at a later time to review and compare
glucose readings.

[0081] The meter 400 typically includes a microprocessor or the like for processing and/or
storing data generated during the testing procedure. The meter 400 may also use the same or a
different microprocessor for power management or temperature operations, including executing
routines to control recharging operations of the meter 400 for battery-operated devices and for
implementing temperature prediction algorithms in assessing ambient temperatures.

[0082] The test sensor dispensing port 404 is adapted to receive and/or hold a test sensor and
assist in determining the analyte concentration of a fluid sample. The display 402 can include,
for example, light emitting diode (LED), organic light emitting diode (OLED), liquid-crystal
display (LCD) with backlight, thin film transistor (TFT), a segmented display, or other types of
displays. The type of display can have minimal or significant effects on the amount of energy

used by a meter.
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[0083] The display 402 may generally span a significant portion of the surface of the meter
400, which is especially desirable for a meter 400 that is relatively small and compact. For
example, the display area may cover up to or more than 50 percent of the surface arca of the
front portion 420. A relatively large display 402 assists in the readability of the information
displayed on the display 402.

[0084] The meter 400 may be powered by a main power supply, a battery, or any other
suitable power source. The main power supply may include internally operated AC and/or DC
power supplies. It may be desirable that the meter 400 be powered by a battery 450 due to the
portable nature of the meter 400. A battery housing 430 may be located in a back portion 422 or
within the front portion 420 of a meter 400.

[0085] In certain embodiments, the battery for the meter 400 is rechargeable via a main
power source that can be connected to the meter 400 through a power adapter receptacle 424.
Different types of rechargeable battery configurations may be used to power the meter 400
including, for example, lithium ion (Li-lon), lithium polymer (Li-Po), nickel cadmium (NiCd) or
nickel metal hydride (NiMH).

[0086] For certain battery-powered meter 400 configurations, the battery 450 remains within
the battery housing 430 during charging. For example, the meter 400 can be charged by
plugging one end of a special adapter into the power adapter receptacle 424 of the meter 400
while the battery remains in the battery housing 430. A second end of the special adapter is then
plugged into the AC power outlet to charge the battery. In certain embodiments, the meter 400
may be powered by connecting one end of the special adapter to a source on a computer, such as
a Universal Serial Bus (USB) port, and the second end to the power adapter receptacle 424. 1t is
further contemplated that in certain embodiments, a meter 300, 400 or other meter embodiments
can include an single interface or adapter configured for handling both power and data transfer
operations.

[0087] Battery chargers are capable of providing a fast or rapid charge to a rechargeable
battery by using a higher charging current than would be typically used to charge the battery,
with minimal degradation of the battery. This principal of rapid charge of a battery also applies
to battery charger integrated circuits. In certain embodiments, a very short charge time for a
battery at a high charging rate can provide sufficient energy to a meter battery to allow for

several blood glucose concentration tests. However, the use of rapid charging for a blood
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glucose meter battery can lead to an increase in the temperature of the meter and change the
resulting blood glucose concentration reading that is output by the meter. Also, any prolonged
charging of a battery located within a meter can lead to an increase in the ambient temperature
within and surrounding the meter.

[0088] It would be understood within the field of the present disclosures that elements and/or
components of the meter modules and/or portable devices described herein can be embodied in a
single device or in multiple devices in various configurations of elements and/or components.
Furthermore, it would be understood that the devices described herein can be used in both
portable or non-portable fluid analyte meters. Thus, while the meter modules or portable devices
described herein may be portable, the present disclosures can also be applied to non-portable
fluid analyte meters.

[0089] Referring now to FIG. 5, a schematic of a charging circuit 500 for a rechargeable
battery 510 is illustrated according to certain embodiments. The illustrated charging circuit 500
demonstrates battery temperature rise during the charging of the battery 510, such as may be
experienced during the charging of a blood glucose meter battery. A temperature rise in the
battery 510 is proportional to the charge current and the charge time. Furthermore, the battery
510 has an internal equivalent series resistance (ESR) 512 that causes the heat dissipation of the
battery. ESR varies according to the type of battery. The charging circuit 500 further includes a
charger 530, such as an external power source, connected to the battery 510.

[0090] Referring now to FIG. 6, a standard charging algorithm is illustrated that begins with
a pre-conditioning phase, followed by a current regulation phase that may include a rapid charge
mode or high current regulation phase and/or a low or standard current regulation phase. As
long as the battery receives energy from an external power source, such as, for example, a
battery charger 530 or portable device 190, the battery can continue charging until the battery
reaches a regulation voltage at which point the charge current decreases until the charge is
considered complete. During the preconditioning and current regulation phase(s) the battery is
generating heat within the fluid analyte meter that increases the temperature measured by
temperature sensor(s) or thermistor(s) located inside or near the surface the fluid analyte meter.
[0091] As previously discussed and illustrated, a fluid analyte meter can include several
exemplary heat-generating elements, such as, for example, a rechargeable battery, a charger

integrated circuit, an illuminated display, a display backlight, a port LED, a processor, and/or a
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microcontroller. The influence of these elements can cause variations between actual ambient
temperature and measurements of temperature from temperature sensing devices associated with
a meter. However, the determination of an analyte concentration for a fluid sample, such as,
glucose, is temperature sensitive. Therefore, temperature readings that are not representative of
the actual ambient temperature — and thus, the fluid sample temperature — can cause inaccuracies
in the determination of analyte concentration. The exemplary embodiments illustrated in FIGS.
3a, 3b, 4a, and 4b represent fluid analyte meter arrangements in which a heat-generating element
may lead to inaccuracies for raw temperature readings taken to represent the ambient
temperature. For example, the close proximity of the batteries 380, 450 and display 350, 402 to
the thermistors 330, 460 and temperature sensor 340 can lead to increases in the measured
temperature despite there being no increase in the actual ambient temperature. The variations
between the measured and actual ambient temperature can further vary depending on the meter
clement that is operating and generating the heat. For example, varying amounts of heat — and
potential error — will be introduced depending on whether the battery is being charged or
discharged, the display is being lit, data is being transferred to a portable device, or any
combinations thereof. Further examples that affect heat generation include size of a battery, the
type of display, or the type of processor or microcontroller.

[0092] In certain embodiments, predicting ambient temperature for subsequent input into the
determination of a fluid analyte concentration is completed using historical temperature data
(e.g., data collected from a sensor) that is stored in a memory. For example, historical
temperature data may be collected by making temperature measurements at periodic intervals
while the fluid analyte meter in an ON mode and the measurements can be stored in a memory
(e.g., in an array). The temperature measurements can be made using a thermistor or
temperature sensor similar to those described in FIGS. 3a-b and 4a-b.

[0093] FIGS. 7 and 8 illustrate temperature predictions for use in determining temperature-
sensitive fluid analyte concentration. FIG. 7 illustrates examples of temperature predictions
during the charging of a rechargeable battery. The thick solid line represents periodic
temperature readings that are taken by a thermistor or temperature sensor within the fluid analyte
meter — that is, meter temperature 710. A rate of change of the periodic meter temperature
readings can be determined using the most recent temperature measurement and the temperature

measurement just before the most recent measurement. Rate of change of the meter temperature
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can also be calculated using different combinations of recent temperature readings. For example,
the rate of change could include the most recent temperature readings and the second or third
prior temperature measurement. The meter temperature measurements can be made throughout
the charging cycle including at the beginning of the charge through the completion of the charge
and can also continue through the return of the meter to a stable temperature.

[0094] As illustrated in FIG. 7, at the beginning of a charge cycle (that is, charging time = 0
minutes), the meter can measure and “lock in” the meter temperature and assign that value as an
initial predicted temperature, Tprepictep. The value of the initial Tpreprctep remains the same
until meter thermal stability is achieved — that is, Tprepicrep 1S not changed until the rate of
change of the measured temperature stays below a threshold value after a series of consecutive
temperature measurements, such as, for example, after three consecutive measurements. In the
example of FIG. 7, the predicted temperature 730 is illustrated to remain constant until the
charging time is approximately equal to fifteen minutes.

[0095] The various phases of meter temperature (e.g., meter plugged in, temperature
stability, charge complete) illustrated in FIG. 7 correlate with the charge phases illustrated in
FIG. 6. For example, the initial state of temperature rise in FIG. 7 correlates with the pre-
conditioning phase and may also correlate with the rapid charge phase in FIG. 6. The
temperature stability phase of FIG. 7 correlates with the low-temperature rise phase of FIG. 6.
The charge complete phases of FIGS. 6 and 7 correlate with each other, as well, and represent a
low current or no-charging phase, and thus, a decreasing measured meter temperature 710.

[0096] In certain embodiments, the meter can take periodic meter temperature measurements
every ten seconds during the rapid charge phase while monitoring for meter thermal stability.
Periodic intervals either greater than or less than ten seconds can be used, as well.  Following
rapid charge, the meter may then enter into the low-temperature rise phase that is more
commonly referred to as a regular charge phase. During the regular charge phase, the meter can
take meter temperature readings over a longer interval than the rapid charge phase — for example,
every thirty seconds instead of every ten seconds. The meter temperature measurements during
the regular charge phase can continue at the regular interval until, similar to the rapid charge
phase, meter thermal stability is established — for example, when a threshold rate of change is not
exceeded for three or five consecutive measurements. Once a determination is made that meter

thermal stability has been reached, the difference between the last measured meter temperature
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and the initial predicted temperature, initial Tprepictep, 18 calculated and this difference is
assumed to be a constant AT as long as meter thermal stability is maintained. During the period
of meter thermal stability, the predicted temperature 730 corresponding to each subsequent
measured meter temperature is calculated as the measured meter temperature 710 minus the
constant AT. If the threshold rate of change of measured meter temperature is exceeded, and
thus, meter thermal stability is compromised, the meter can terminate subtracting the constant AT
from subsequent measured meter temperatures and instead “lock in” the last predicted
temperature value — that is, the last measured meter temperature minus the constant AT before
meter thermal stability was compromised — as the present Tprepictep. A constant predicted
temperature 730 is then maintained until meter thermal stability is again achieved.

[0097] Referring again to FIG. 7, a method of temperature prediction is illustrated for an
embodiment similar to the fluid analyte device described in FIG. 3. To illustrate the accuracy of
the temperature predictions, ambient temperature 720 was experimentally determined using a
temperature sensor separate from that used to measure meter temperature. Over an
approximately two-hour charge time, the difference between the predicted temperature 710 and
the ambient temperature did not exceed 0.4 degrees Celsius, which is within acceptable ranges
for temperature error for determining fluid analyte concentration for analytes, such as, for
example, glucose.

[0098] Once charging is complete, the meter enters into a cool down phase. During the cool
down phase, the meter can lock in the last value of predicted temperature as the predicted
temperature value. Meter temperature measurements can continue to be made at a similar
interval as the regular charge phase to monitor for meter thermal stability. The interval for meter
temperature measurements can also be increased or decreased depending on the expected
behavior of the meter following charging and the type of monitoring that is desired. If the meter
temperature 710 goes below locked in value of predicted temperature, the predicted temperature
730 is updated for the next series of meter temperature measurement to be the same as the
measured temperature. When meter thermal stability is again achieved, the meter can then set
the most recent meter temperature measurement to be the predicted temperature.

[0099] Following a charging phase or after a meter is turned on, the meter enters into a
discharge phase. It is contemplated that in certain embodiments the meter will measure the

meter temperature upon the meter being turned on. The temperature measurement can be made
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using a thermistor or temperature sensor, similar to those described in FIGS. 3a-4b, or other
types of temperature sensing devices. Similar to the charging phase, the meter can continue
taking periodic meter temperature measurements at intervals of, for example, thirty seconds.
[00100] FIG. 8 illustrates an example of predicting temperature during the discharge mode of
a meter based on measurements from a fluid analyte device similar to the device shown in FIG.
3. In the illustrated embodiment, the predicted temperature 830 remains constant during the
entire illustrated discharge phase from the approximate discharge times of 58 minutes to 74
minutes. Predicted temperature 830 is set equal to the measured temperature at the time when
the meter goes from being in a OFF state to being turned ON — that is, at discharge time 58
minutes. During the period of discharge, the meter continues to measure the meter temperature
810. To illustrate the accuracy of the predicted temperature, an actual ambient temperature 820
was measured. The temperature plots on FIG. 8 show that predicted temperature 830 is within
approximately 0.2 degrees Celsius of the actual ambient temperature. For an actual meter, the
only measurement typically made is the meter temperature 810. During the discharge phase, if
the meter measures a temperature lower than the most recent predicted temperature value, the
predicted temperature is set to equal the recently measured lower meter temperature. Otherwise,
the meter maintains a constant predicted temperature, similar to the illustration of FIG. 8.

[00101] It is contemplated that in certain embodiments that predicted temperature during
charging can be determined based on charge current and estimated heat dissipation. For
example, an estimate can be made of the heating of a fluid analyte meter while the meter is
charging. The heating can be determined using the following equation that accounts for the

heating due to the charging current and heat dissipation:

tr
AT =" (K idt — K, (T —T,)dt) (Equation 1)
t,

where AT = estimated temperature change
to = time at beginning of charging
tr = time at end of charging because battery is full or power is removed
Ty = temperature measurement taken at beginning of charging, to
T = instantaneous temperature measurement
1 = instantancous charge current measurement

K; = charge current heating constant
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K, = heat dissipation constant

[00102] At the end of charging, the meter stores the AT determined using Equation 1 and the
time at the end of charging. Fluid analyte concentration can then be determined for a fluid
sample while the meter is in the discharge phase using a predicted temperature based on the
temperature measurement taken at the beginning of charging, To, plus the estimated temperature
increase, AT. The estimated temperature increase, AT, can be ignored once a certain time has
lapsed after the end of charging. The amount of time lapsed can be determined experimentally
and will be based on the heat dissipation characteristics of a meter. Otherwise, the heat
dissipation immediately after charging but before the experimentally determined lapsed time has
passed can be calculated using the second part of Equation 1 to estimate the temperature
difference from the last measured meter temperature. The constants K; and K, are meter-specific
constants for heating due to charge current and heat dissipation. K; and K, will vary depending
on the heating of a meter due to charge current and the meter’s heat dissipation characteristics.
K and K can be readily determined experimentally for a given meter.

[00103] It is contemplated that in certain embodiments the temperature influence during
discharge of a fluid analyte meter has minimal effects on the determination of analyte
concentration. For example, it has been determined for a device similar to the one illustrated in
FIG. 3 that the temperature increase over ambient temperature is less than about one or two
degrees Celsius during discharge and charging without any connection of the meter to a portable
device, such as a personal computer.

[00104] It is contemplated that in certain fluid analyte meters, heat-generating elements within
the fluid analyte device, such as those used during analyte concentration tests, can cause the
meter temperature to rise more than one degree Celsius above an ambient temperature
measurement taken prior to the influence of the heat-generating element. To control the effects
of temperature rise in determining an analyte concentration, the algorithm illustrated in FIG. 9
can be implemented on a processor or microcontroller within the fluid analyte device when a
user is performing an analyte concentration test. The algorithm periodically measures and
records the meter temperature in a memory for subsequent analysis to determine if the ambient
temperature has changed and whether an acceptable predicted temperature is being used to

determine analyte concentration.
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[00105] Referring now to FIG. 9, a fluid analyte meter is initially in an OFF state 910. Prior
to entering an OFF state, the meter can record and store into memory a temperature value, Trock,
which represents the last predicted temperature value for the meter. Trock is measured at time,
trock, both of which can be recorded and stored into memory. The value of Trock taken at the
time the meter is turned off will also be the initial value of predicted temperature upon the meter
being turned ON. The term, Trock, 1s a stored temperature value that is retained and represents
the current predicted value of ambient temperature to be used in determining a fluid analyte
concentration, such as, for example, blood glucose concentration. Trock is also compared to
subsequent temperature sensor measurements to track temperature changes and check if there has
been an environmental change for the meter. The term, tiock, can represent a stored time value
of the most recent time to which Trock is set, and can also represent a new time value when the
meter enters into a test mode within a predetermined time period after the most recent recording
of trock, as illustrated, for example, in steps 920 and 925.

[00106] At step 915, the logic flow of FIG. 9 proceeds to determine whether the meter has
been turned ON. A test strip inserted into the meter, the use of lighting associated with the test
port, the use of lighting elements associated with the display, or other heat-generating events
associated with the meter could trigger the meter into an ON state. In certain embodiments, the
meter does not enter into an OFF state, such as step 910, but rather may switch between different
meter ON states. For example, after operating in a certain ON state, the meter may enter into a
different ON state, such as a test mode, with the insertion of a test strip into the test port or the
turning on of a port LED. If the meter has been turned ON, the algorithm proceeds to step 920.
Otherwise, the algorithm loops back through steps 910 and 915 until a determination has been
made that the meter is turned ON or has switch to a different ON state, such as the test mode. At
step 920, a determination of whether the time from t;ock — that is, the time when the meter was
turned off and the temperature, Trock , was recorded — to the time the meter is turned ON is
greater than or less than a predetermined period of time. In certain embodiments, if the
difference between tiock and the time the meter is turned ON is less than five minutes the
algorithm proceeds to step 925 and establishes a new value for tyock that is equal to the time at
which the meter was turned ON. Otherwise, the value for Trock is maintained at the temperature
value recorded at the time the meter was turned off. Steps 920 and 925 cover the scenario where

a user performs two analyte concentration tests close to each other, for example, within five



WO 2010/040090 PCT/US2009/059430

_25.-

minutes, and it is desired to maintain the same value for Trock in both tests. If more than a
predetermined period of time lapses since trock (for example, more than five minutes), the time
between the meter being last turned off and subsequently turned ON, then the algorithm proceeds
to step 930 to measure a new temperature and eventually establish a new locked-in temperature.
The predetermined period can vary depending on the physical properties of the meter, such as
heat dissipation properties. In certain embodiments, the predetermined period will be greater
than or less than five minutes. Furthermore, as explained above, rather than the meter cycling
from an OFF state to an ON state, the meter can also proceed from one ON state to another ON
state. For example, the meter could switch from a charge state to test mode or test state when a
test strip is inserted into a test port.

[00107] At step 930, the meter measures and records a new temperature value, Txgw, which is
the most recent measured temperature value. Tnpw is recorded at time, txpw, and will
subsequently be compared to Trock. Generally, whenever a new temperature value is recorded
from a temperature sensor, the time of the temperature measurement is also recorded. At step
935, the difference between trock and tngw iS determined. For the embodiment illustrated in
FIG. 9, the locked temperatures are valid for five minutes, so if the difference between t;ock and
tNew 18 over 5 minutes, a new lock is set by setting Trock equal to Tnew and trock equal to tyew
in step 940. Again, it is contemplated that different time periods both greater than or less than
five minutes can be used.

[00108] The value of Trock and Tngw 18 now compared with upper and lower temperature
thresholds to determine a predicted temperature value to be used in the determination of analyte
concentration, such as blood glucose concentration, and to determine whether the ambient
temperature has changed. If the difference between trock and tygw i not greater than five
minutes, then the meter proceeds to step 945 where Txgw is compared to an upper temperature
threshold based on a predetermined temperature increase that is added to Trock. If the most
recent value of Tnpw exceeds a predetermined upper temperature threshold, such as, the most
recent value of Trock plus a predetermined temperature increase, the meter proceeds to step 950
where a term Tcarc is set equal to Txgw. From there the meter proceeds to step 955 where a
message can be displayed to the user, such as, for example, a “READY” or a “CHANGE IN
TEMPERATURE” message. If the most recent value of Tnpw is not greater than the upper

threshold, the meter proceeds from step 945 to step 960 where a determination is made of
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whether the most recent value of Tnrw 18 less than a lower threshold, such as, the most recent
value of Trock minus a predetermined temperature decrease. If the most recent value of Tygw 18
less than a lower temperature threshold, then the meter proceeds to step 965 where the term
Tearc 1s set equal to Tnpw. The meter can then proceed to step 970 where a message can be
displayed to the user, such as, for example, a “READY” message or a “CHANGE IN
TEMPERATURE” message.

[00109] After displaying a message in steps 955 and 970, the meter can then proceed to step
990 where the meter checks to see if a fluid sample, such as, for example, blood was applied to
the meter. In the embodiment illustrated in FIG. 9, the predetermined temperature increase and
decrease are five degrees Celsius. In certain embodiments, the predetermined temperature
increase or decrease can vary and can also be greater than or less than five degrees Celsius. In
establishing upper and lower thresholds to apply to the decision steps 945 and 960, the
predetermined temperature increase and decrease values can be selected to reflect a temperature
change known to be due to environmental factor(s). For example, it may be known that the heat
generated by a fluid analyte meter cannot increase the temperature of the device more than five
degrees Celsius, and thus, when the temperature difference exceeds five degrees Celsius, the
meter knows that the change in measured temperature is a change in the ambient temperature.
The meter can then assign a new predicted temperature value.

[00110] At step 975, if the most recent value of Txgw is less than Trock, the meter will
proceed to step 980 where the term Tcarc is set equal to Tnpw. From there the meter can
proceed to step 990 where the meter checks to see if a fluid sample, such as, for example, blood
was applied to the meter. At step 975, if the most recent value of Txgw is not less than Trock,
the meter then proceeds to step 985 where the term Tearc is set equal to Trock. From step 985,
the process then proceeds to step 990 to check if a fluid sample was applied to the meter, and
then to step 995 where an analyte concentration test is conducted using the value determined for
the term Tearc.

[00111] As previously discussed, at step 990, a determination is made whether a fluid analyte
sample (for example, blood sample) has been applied to the meter. If the determination is
negative, the meter can proceed to step 992, where the algorithm is set for a predetermined delay
period, such as, five seconds, before proceeding back to step 930 and going through another

cycle of the algorithmic loop. In certain preferred embodiments of step 990, an analog engine
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signals a digital engine that a fluid analyte sample has been applied to the meter. For example,
an analog signal can be generated from a fluid analyte sample, such as, for example, a blood
sample, being placed in a port of a fluid analyte meter. The analog signal is sent to the digital
engine that further processes information following receipt of the analog signal. The analog
engine can also wait for the digital engine to report the most recent value for Tcarc, such as the
values established at steps 950, 965, 980, and 985, before assessing whether a fluid analyte
sample has been applied to the meter.

[00112] It is contemplated that in certain embodiments a temperature offset can be applied to
the predicted temperature, Tcarc, before the value is used to determine analyte concentration.
For example, in certain blood glucose meters or in embodiments similar to those illustrated in
FIG. 3, it has been experimentally determined that heat generated by the meter during charge or
discharge influences the temperature increase in the meter by a limited upper bound. Discharge
is a state where the meter is turned on, but is not being charged. Charge is a state where the
meter battery is being recharged by an external power source. In the exemplary device
illustrated in FIG. 3, the heat generated through charge and discharge operations ranges
consistently from zero to less than approximately one degree Celsius. To compensate for this
known upper bound of temperature increase, an offset of 0.5 degrees Celsius can be subtracted
from Tcarc after any of steps 950, 965, 980, or 985, but before testing step 995. The offset can
be desirable to at least partially account for bias associated with a known quantity of temperature
increase due to heat-generating elements.

[00113] It is further contemplated that in certain embodiments, a user may change the time
setting on the fluid analyte meter. In the event of a change in the time setting, the meter can
account for the difference between the meter time after the change and the meter time before the
change. The difference in time can then be reflected in the time recordings, such as, trock, so
that certain predetermined time periods are not affected by the time change.

[00114] 1t is also contemplated that in certain embodiments temperature predictions can be
made to correct for heat generation when a meter is operating in a data transfer mode. For
example, the meter illustrated in FIG. 3 includes a USB port that allows direct connection of the
meter to a personal computer or other computing device that allows a USB connection. It is
contemplated that other types of direct connections can be incorporated into a meter, such as

connections made by flash-memory type devices similar to a USB connection.
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[00115] During the data transfer mode, the meter is transferring and/or receiving data from an
external portable device. This operation leads to heat generation in the meter itself and generated
heat from the portable device, such as a PC, being transferred to the meter. In certain
embodiments, it is contemplated that two temperature sensors within the meter are monitored to
determine a good prediction of the ambient temperature.

[00116] Referring now to FIG. 10, a meter state is illustrated for predicting ambient
temperature for a fluid analyte meter in a data transfer mode, such as, for example, where data is
modified on a mass storage device external to, but at least temporarily connected, to the meter.
In certain embodiments, the meter can charge its battery while connected to a portable device
containing the mass storage device. Charging can occur directly from power obtained from a
number of source, such as, for example, a PC or a wall-type charger. FIG. 10 starts out at step
1010 in a charging mode and loops through decision step 1020 to determine if data transfer has
been started. If data transfer has not begun, the meter loops from step 1020 back to charging step
1010.

[00117] If data transfer has started, the decision loop at step 1020 is exited and the logic flow
moves to step 1030 where temperature measurements are made for the temperature sensing
devices within the fluid analyte meter. At step 1030, up to four temperature measurements are
taken for a temperature sensor over a period of time. Multiple temperature measurements over a
short period of time (for example, in less than one minute) from a single sensor, while not
necessary, may be desirable for certain sensing device that have more erratic or less consistent
temperature measurements. For example, in the embodiment illustrated in FIG. 3, the
temperature sensor 340 is inside the microcontroller or microprocessor and can have slightly
erratic temperature measurements. To compensate for erratic temperature measure, step 1060
can be implemented in which the multiple temperature sensor readings for the microcontroller
are later averaged into a single temperature value, Tyicro.

[00118] In certain embodiments, two temperature sensing devices can be used, similar to the
exemplary embodiment illustrated in FIG. 3. It is further contemplated that more than two
temperature sensing devices can be used in a fluid analyte meter or meter module as described
elsewhere herein and as would be understood by one skilled in the field of the present disclosure.
At step 1040, the meter enters into a loop that continues until the data transfer is complete. For

example, the meter will continue to loop until it completes writing data to the memory external



WO 2010/040090 PCT/US2009/059430

-29.

to the microcontroller of the meter. If the data transfer is complete, a temperature measurement
is made in step 1050 for a temperature sensing device at the port (see, for example, ports 320 or
404 in FIGS. 3 and 4) and a second temperature sensing device within the meter (see, for
example, the location of temperature sensor 340 in FIG. 3) . The value for the temperature
measurement at the port can be referred to as Tporr. In the embodiment illustrated in FIGS. 3
and 4, the temperature sensing device can be the thermistor 330, 460 located near the strip ports.
In certain embodiments, a reading is taken from Tporr cach time a prediction of the ambient
temperature is being made for incorporation into the analyte concentration calculation.

[00119] As discussed above, at step 1060 the meter determines Tyucro, which is an average of
several temperature measurements taken from the same temperature sensor within the meter
including the most recent temperature measurement made at the second temperature sensing
device. At step 1070, a prediction is then made of the value of the ambient temperature using the

following equation:

TAMB _ T Port KMPT Micro (Equation 2)
1-K,,
where Tavs =  predicted ambient temperature
Tporr =  temperature measured at meter port
Twmicro =  average temperature measured at microcontroller
Ky = experimentally derived constant for the influence of a

heat source within the meter on the temperature near the
sample port
[00120] After the predicted ambient temperature is determined, the logic progresses to
decision step 1080 determining whether the data transfer is complete. If the data transfer is
complete, then the predicted ambient temperature value, Tams, Will be locked into the term,
Trock, and the time, trock, is recorded, as well. If the data transfer is not complete, the multiple
sensor measurements for the temperature sensing device within the microcontroller will be reset
at step 1046 to reflect the four most recent temperature measurements. Then, at step 1043, the
logic process waits for a predetermined number of data packets to be transferred or for a
predetermined period of time before making another prediction of ambient temperature.
[00121] The value for Kypused in Equation 2 is based on the temperature rise in a strip port

(e.g., port 320 of FIG. 3) being proportional to the temperature rise at a source of heat within the
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meter. In simplified terms, it is known that the temperature at the microcontroller, Tymcro, 18
equal to the ambient temperature, Tawms, plus the temperature increase from heat generated due to
activity of the microprocessor, C. It is also known that Tporr is equal to the ambient
temperature, Tamp, plus a proportion of the heat influence of the microprocessor or other heat-
generating source on the temperature near the port. Equation 3 shows the following relationship:

T,

ot = L T K upC (Equation 3)
[00122] In certain embodiments, Tamp is calculated every ten seconds using Equation 2.
Periodic determinations of Tamp can be made at higher or lower frequencies than every ten
seconds. When the date transfer is complete (see step 1080), the value of Tamg can be retained
until Tport decreases below a certain threshold value. In certain embodiments, the value of Tavs
is retained until Tport is less than Tayg plus 1.5 degrees Celsius. Following the completion of
data transfer, the temperature value for Tporr can be periodically updated at similar frequencies
as Tawms.

[00123] It is contemplated that in certain embodiments at least two temperature sensors are
used to make ambient temperature prediction while the meter is in the data transfer mode.
Ambient temperature calculations can occur at regular intervals (such as every 5 seconds),
throughout the data transfer mode. After the data transfer is complete, or if the data transfer
unexpectedly ends, the most recent value of ambient temperature is set as Trock and the time,
trock, 18 set to the time that the file transfer ended. The values of Trock and trock can then be
used to predict ambient temperature during a discharge state, such as, for example, illustrated in
FIG. 9.

[00124] Referring now to FIG. 11, a fluid analyte meter determines at step 1115 whether a
certain event occurs that may generate heat within the meter. The event can include a test strip
being inserted into the meter, the use of lighting associated with a test port, the use of lighting
clements associated with a display, or other heat-generating events associated with a fluid
analyte meter. Prior to step 1115, the meter may have recorded and stored into memory a
temperature value, Trock, which represents the last predicted temperature value for the meter.
Trock 18 measured at time, trock, both of which can be recorded and stored into memory. The
term, Trock, is a stored temperature value that is retained and represents the current predicted
value of ambient temperature to be used in determining a fluid analyte concentration, such as, for

example, blood glucose concentration. Trock is also compared to subsequent temperature sensor
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measurements to track temperature changes and check if there has been an environmental change
for the meter. The term, trock, can represent a stored time value for most the recent time that
Trock 1s set, and can also represent a new time value when the meter enters into a test mode
within a predetermined time period after the most recent recording of trock, as illustrated, for
example, in steps 1120 and 1125.

[00125] At step 1120, a determination of whether the time from trock to the time the meter
enters step 1115 is greater than or less than a predetermined period of time. In certain
embodiments, if the difference between trock and the time to step 1115 is less than five minutes,
the algorithm proceeds to step 1125 and establishes a new value for trock equal to the
approximate time the meter enters step 1115. Otherwise, the value for Trock 1s maintained at the
temperature value recorded prior to step 1115. Steps 1120 and 1125 cover the scenario where a
user performs two analyte concentration tests close to each other, for example, within five
minutes, and it is desired to maintain the same value for Trock in both tests. If more than a
predetermined period of time lapses (for example, more than five minutes), the algorithm
proceeds to step 1130 to measure a new temperature and eventually establish a new locked-in
temperature. The predetermined period can vary depending on the physical properties of the
meter, such as heat dissipation properties. In certain embodiments, the predetermined period will
be greater than or less than five minutes.

[00126] At step 1130, the meter measures and records a new temperature value, Tnpw, which
is the most recent measured temperature value. Tngw is recorded at time, typw, and will
subsequently be compared to Trock. Generally, whenever a new temperature value is recorded
from a temperature sensor, the time of the temperature measurement is also recorded. At step
1135, the difference between trock and tygw 18 determined. For the embodiment illustrated in
FIG. 11, the locked temperatures are valid for five minutes, so if the difference between trock
and txgpw 1S over 5 minutes, a new lock is set by setting Trock equal to Tnpw and trock equal to
tnew 1n step 1140. Again, it is contemplated that different time periods both greater than or less
than five minutes can be used.

[00127] The meter can also track a term, topr, which retains the times at which the meter may
go, for example, into an OFF state or from a menu mode to a test mode or from a reminder mode
to a test mode. The menu mode, reminder mode, and test mode, represent examples of different

ON states of the meter. At step 1141, a determination is made of whether topr minus trock is less
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than a predetermined time period, such as, for example, twenty minutes. If topr minus tyock 18
less than twenty minutes, a flag, APPLY TEMP_ CORR, is set equal to TRUE at step 1142. If
torr minus trock 18 not less than twenty minutes, the flag, APPLY TEMP_ CORR, is set equal to
FALSE at step 1143. It is contemplated that time periods greater than or less than twenty
minutes can be used in step 1141.

[00128] The value of Trock and Tngw 1s now compared with upper and lower temperature
thresholds to determine a predicted temperature value to be used in the determination of analyte
concentration, such as blood glucose concentration, and to determine whether the ambient
temperature has changed. If the difference between trock and tygw i not greater than five
minutes, then the meter proceeds to step 1145 where Txgw is compared to an upper temperature
threshold based on a predetermined temperature increase that is added to Trock. If the most
recent value of Tnpw exceeds a predetermined upper temperature threshold, such as, the most
recent value of Trock plus a predetermined temperature increase, the meter proceeds to step 1150
where a term Tcarc is set equal to Tnpw. From there the meter proceeds to step 1155 where a
message can be displayed to the user, such as, for example, a “READY” or a “CHANGE IN
TEMPERATURE” message. If the most recent value of Tnpw is not greater than the upper
threshold, the meter proceeds from step 1145 to step 1160 where a determination is made of
whether the most recent value of Tnrw 18 less than a lower threshold, such as, the most recent
value of Trock minus a predetermined temperature decrease. If the most recent value of Txgw 1S
less than a lower temperature threshold, then the meter proceeds to step 1165 where the term
Tearc is set equal to Txgw. The meter can then proceed to step 1170 where a message can be
displayed to the user, such as, for example, a “READY” message or a “CHANGE IN
TEMPERATURE” message.

[00129] After displaying a message in steps 1155 and 1170, the meter can then proceed to step
1190 where the meter checks to see if a fluid sample, such as, for example, blood was applied to
the meter. Similar to FIG. 9, the embodiment illustrated in FIG. 11 has a predetermined
temperature increase and decrease of five degrees Celsius. In certain embodiments, the
predetermined temperature increase or decrease can vary and can also be greater than or less than
five degrees Celsius. In establishing upper and lower thresholds to apply to the decision steps
1145 and 1160, the predetermined temperature increase and decrease values can be selected to

reflect a temperature change known to be due to environmental factor(s). For example, it may be
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known that the heat generated by a fluid analyte meter cannot increase the temperature of the
device more than five degrees Celsius, and thus, when the temperature difference exceeds five
degrees Celsius, the meter knows that the change in measured temperature is a change in the
ambient temperature. The meter can then assign a new predicted temperature value.

[00130] At step 1175, if the most recent value of Tnpw is less than Trock, the meter will
proceed to step 1180 where the term Tearc 18 set equal to Typw. From there the meter can
proceed to step 1190 where the meter checks to see if a fluid sample, such as, for example, blood
was applied to the meter. At step 1175, if the most recent value of Tngw is not less than Trock,
the meter then proceeds to step 1185 where the term Tearc 1s set equal to Trock.

[00131] From step 1185, the process proceeds to step 1190 to check if a fluid sample (for
example, a blood sample) was applied to the meter. If the determination is negative, the meter
can proceed to step 1192, where the algorithm is set for a predetermined delay period, such as,
five seconds, before proceeding back to step 1130 and going through another cycle of the
algorithmic loop. If the determination is positive, the meter can proceed to step 1193 to check if
the flag, APPLY TEMP_CORR, equals TRUE or FALSE. If the flag is TRUE, Tcarc is set
equal to its most recent value minus 0.5 degrees Celsius at step 1194. If the flag is FALSE, no
offset is applied to Tcarc and the meter proceeds to step 1195 to conduct a test for fluid analyte
concentration. As illustrated in steps 1141, 1142, 1143, 1193, and 1194, it is contemplated that
in certain embodiments a predetermined temperature offset (for example, 0.5 degrees Celsius)
can be applied to the predicted temperature, Tcarc, before the value is used to determine analyte
concentration. The offset can be desirable to at least partially account for bias associated with a
known quantity of temperature increase due to heat-generating elements.

[00132] In certain embodiments of step 1190, an analog engine signals a digital engine that a
fluid analyte sample has been applied to the meter. For example, an analog signal can be
generated from a fluid analyte sample, such as, for example, a blood sample, being placed in a
port of a fluid analyte meter. The analog signal is sent to the digital engine that further processes
information following receipt of the analog signal. The analog engine can also wait for the
digital engine to report the most recent value for Tcarc, such as the values established at steps
1150, 1165, 1180, and 1185, before assessing whether a fluid analyte sample has been applied to

the meter.
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[00133] It is contemplated that in certain embodiments it would be desirable to have
systems and methods for predicting ambient temperature using temperature correction values
based on the length of time a meter is in a charge state, a discharge state, a data transfer states, or
combinations thereof. Furthermore, various temperature thresholds or time thresholds may be
established, as well, in predicting an ambient temperature value. The temperature correction
values are used to account for heat generation or heat loss internal to the meter. For example, an
algorithm in a meter can be implemented via a processor to evaluate temperature rise in the
meter associated with heat generated during the connection of the meter to an external heat
generation source such as a USB interface, mass storage elements, display elements, wireless
interfaces, or other electronic components in the meter. Temperature rise may also be assessed
in a meter due to the effects of the meter being connected to a charge source or a data transfer
port, such as an external charge device or a USB port on a computer. Other non-limiting
examples of heat sources may include a microprocessor or clements that are a part of a
microprocessor such as a USB clock. In certain embodiments, it may be desirable for a USB
clock to be active to receive USB interrupts. Such non-limiting examples of heat sources may be
located within the meter itself or may be associated with devices with which the meter may come
into contact. It is contemplated that the ambient temperature prediction embodiments described
herein can be used in various fluid analyte meter embodiments including those embodiments
illustrated and described in FIGS. 1-4 and elsewhere herein.

[00134] For each of the various meter states described herein (e.g., charge state, discharge
state, data transfer state, combinations of states), it is contemplated that the meter will eventually
reach a state of temperature stability or temperature equilibrium from which, external
environmental factors aside, a determination can be made of upper and lower thresholds of
temperature rise or fall. For example, in one non-limiting embodiment of the present disclosure,
the concept of temperature stability was evaluated for the Contour® USB blood glucose meter
by Bayer HealthCare LLC Diabetes Care of Tarrytown, New York, USA. In the example of
Contour® USB meter, after the meter was allowed to remain in any one condition or state for
approximately twenty minutes, the meter would settle on a stable temperature regardless of the
power consumption or temperature rise (e.g., the meter will go from any initial condition at the
point the meter is turned off to ambient in approximately twenty minutes or less). Assuming

states of temperature stability in a meter can be particularly useful for making accurate
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calculations of fluid analyte concentration, such as the concentration of glucose in a blood
sample, because such states of temperature stability can be desirable for predicting ambient
temperatures to use in a fluid analyte concentration calculation. As discussed elsewhere herein,
fluid analyte concentration calculations are typically prone to error due to the presence of a heat
source within or near a fluid analyte meter. However, the application of various temperature
states via algorithmic operations allows for the determination of correction factors that can be
applied to more accurately assess an ambient temperature, and thus allow for an accurate
assessment of fluid analyte concentration.

[00135] It will be recognized within the art that temperature stability applications can also
be used in other temperature sensitive systems. The determination of temperature stability can
be done through analysis of the heat dissipation and the heat generation properties of the system
including analysis of the housing or shell material properties and heat generating elements. It
will further be recognized that as these properties vary for different device configurations. For
example, the Contour® USB meter described above may have different temperature stability
values than another fluid analyte meter. Thus, devices of different configuration can have
different times for reaching a state of temperature stability. It is therefore contemplated that in
certain embodiments a meter may settle on a stable temperature in less than approximately
twenty minutes or in more than approximately twenty minutes, depending on the heat generation
and dissipation parameter associated with the meter.

[00136] During a charge state, a meter having a rechargeable element will generally
experience a temperature rise. For example, when charging a meter such as the Contour® USB
directly from a personal computer (e.g., the meter is directly connected to computer USB port),
the hardware used to support the USB causes a temperature rise in the meter. Temperature rise
in a meter can also occur during charging of a meter that is not USB enabled or where charging
is completed with a wall charger (e.g., the meter is indirectly connected to the charger). It is
contemplated that in certain embodiments, a meter such as the Contour® USB when charged
directly from a USB port on a personal computer can experience a temperature rise of
approximately two degrees Celsius after approximately twenty minutes of charge time. It is
further contemplated that when the meter is charged through an indirect connection to the
charger a temperature rise of approximately one degree Celsius will be observed after

approximately twenty minutes of charge time. So, for example, when the meter is plugged into a
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computer or set up for charging (e.g., wall charger), the meter records the amount of time that it
remains in the charge state up until the time that it is known that the meter has achieved
temperature stability. In the example of the Contour® USB, an upper threshold of the amount of
time that can be recorded varies including eleven minutes and twenty minutes in certain
embodiments and variations thercof because at that point the temperature in the meter due to
temperature rise associated with the charging is expected to have stabilized. This known upper
temperature stability threshold temperature can then be subsequently used to determine the
amount of temperature recovery or decrease when the meter is disconnected from the charge
source (e.g., personal computer) and enters into a discharge state. The described embodiments
are merely illustrative and it would be understood within the art that fluid analyte meters of
having different configurations may experience similar trends of charging temperature rise and
time to temperature stability, though the actual time to reach temperature stability may vary.
[00137] Referring now to FIG. 12, a flowchart is illustrated for an exemplary embodiment
of an method for monitoring whether the meter is in an active or charge state. At step 1210, the
decision box makes a determination whether the battery in the meter is charging, or in the
context of a USB-based meter, if the USB active. If the decision is no, the decision box cycles
back to step 1210. If the decision is yes, at step 1220, the method adds fifteen seconds (e.g., a
predetermined time interval) to a time tracking variable, dtysg (e.g., Atysg) which stores the
length of time for which the meter is in an active state (e.g., also a charge state). The method
then proceeds to step 1230 and waits for fifteen seconds (e.g., a predetermined time interval) and
then cycles back to step 1210 to check again whether the meter is charging with the USB active.
The cycle and wait times in FIG. 12 can be increased or decreased as appropriate for assessing a
fluid-analyte concentration.

[00138] When the USB-based meter is unplugged from the personal computer or charging
is stopped, the method can further include monitoring time associated with temperature recovery.
A variable, topr, can be used to store the time at which the meter was last turned off, or the time
at which the meter goes from a menu mode to a test mode. The meter can further store a
temperature value, Torr, Which is the temperature at the time the meter is removed from the
personal computer or from the charge source (e.g., turned off). When the meter is turned back
on for a test or otherwise, the value of the active time of the meter (e.g., dtysg) can be modified

to reflect the amount of time that the meter has been turned off. The modification includes
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determining another variable, tygw, which represents the current time as understood by the
system. In certain embodiments, the meter may use a real-time clock (RTC) with a crystal
having a low power consumption introducing negligible temperature effects into the fluid analyte
meter. The following relationship shows the modified determination of dtysg following the

meter exiting the active mode and then returning after the meter is turned back on:

dt'yss = dtuss — (torr — tnew) (Equation 4)

where dt'vsg =  modified period of time for which a USB-based meter has
been active
dtuss = period of time for which a USB-based meter has been
active prior to being turned back on
torr = time at which the USB-based meter was last turned off or
exited an active state
tvew = current time at which the USB-based meter is turned on or

returned to an active state

[00139] After the time for the temperature rise and/or recovery determination (e.g., dtusg,
dt'usp), a temperature correction can be calculated using correction factors determined for an
individual meter based on assessment of heat generation and heat dissipation. The relationship
between time and the expected temperature correction may be generally linear. In the exemplary
embodiment of the Contour® USB meter the following approximately linear relationship can be

plotted based off the correction data in the following table:

Table 1: Temperature Correction Values Based on USB Meter Active Time

dtuss USB _CORR
(minutes) (Degrees Celsius)
11 1.7
6 0.9
0.2
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[00140] Referring now to FIG. 13, another flowchart is illustrated for an exemplary
embodiment of an method for monitoring whether the meter is in an active/charge state and if
mass storage (e.g., data transfer) for the meter is active. The meter state of reading or writing to
mass storage, similar to the charge/active state, is another point of temperature stability in a
meter for which a correction factor can be determined. The mass storage state typically raises
temperature concerns when a meter is active, and thus, the mass storage state is additive to the
temperature rise caused by USB activity or general charge activity. Therefore, it can be handled
independently, and have a separate correction factor. Similar to the USB-based activity
monitoring illustrated in FIG. 12, a record for the length of Mass Storage Activity time, of up to,
for example, twenty minutes is contemplated in certain embodiments. In certain embodiments,
the record for the length of Mass Storage Activity time may be eleven minutes. dtys (e.g., Atws)
can be updated every fifteen seconds — or otherwise as appropriate for assessing the fluid analyte
concentration. At step 1310, the decision box makes a determination whether the battery in the
meter is charging, or in the context of a USB-based meter, if the USB is active. If the decision is
no, the decision box cycles back to step 1310. If the decision is yes, at step 1320, the method
adds fifteen seconds to a time tracking variable, dtusg, which stores the length of time for which
the meter is in an active state (e.g., also a charge state). The method then proceeds to decision
box 1340 to make a determination if mass storage or data transfer is active. If the decision is no,
the flow proceeds to step 1350 which subtracts fifteen seconds (or otherwise) from time tracking
variable, dtvs, and then proceeds to step 1330 to wait for fifteen seconds (or otherwise) before
cycling back to step 1310 to make another check of whether the meter is in a charge or active
state. If the decision is yes, the flow proceeds to step 1360 which adds fifteen seconds (or
otherwise) to time tracking variable, dtys, and then proceeds to step 1330 to wait for fifteen
seconds (or otherwise) before cycling back to step 1310 to make another check of whether the
meter is in a charge or active state. It will be understood in the art of the present disclosure that
these concepts as illustrated for charge or mass storage activity can be applied to any significant
heat-generating activity within a fluid analyte meter including, for example, display devices,
wireless interfaces, or other heat-generating electrical elements.

[00141] When the USB-based meter is unplugged from the personal computer or charging
18 stopped, the method can further include monitoring time associated with temperature recovery

from the heat generated as a result of the mass storage activity. Similar to Equation 4, a variable,
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torr, can be used to store the time at which the meter was last turned off. When the meter is
turned back on for a test or otherwise, the value of the mass storage time (e.g., dtms) can be
modified to reflect the amount of time that the meter has been turned off. The following
relationship shows the modified determination of dtys following the meter exiting the mass

storage state (or otherwise) and the meter then being turned back on:

dt'ms = dtms — (torr — tNew) (Equation 5)

where dt'vs =  modified period of time for which mass storage has been
active for a meter
dtms = period of time for which mass storage has been active
for a meter prior to being turned back on
torr = time at which the meter was last turned off or exited an
active state
tNEW = current time at which the meter is turned on or returned to

an active state

[00142] After the time for the temperature rise and/or recovery determination (e.g., dtws,
dt'vis), a temperature correction can be calculated using correction factors determined for an
individual meter based on assessment of heat generation and heat dissipation due to data transfer
or other heat-generating activities. Similar to the charging/active states, the relationship between
time and the expected temperature correction for data transfer activities can be approximated to
be linear, too. In the exemplary embodiment of the Contour® USB meter the following
approximately linear relationship can be plotted based off the correction data in the following
table:

Table 2: Temperature Correction Values Based on USB Data Transfer Time

dtms MS _CORR
(minutes) (Degrees Celsius)
11 1.9
6 1.0
0.2
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[00143] As discussed previously, the temperature correction for mass storage (e.g., data
transfer) activities is additive to the temperature correction for USB activity or general charging
activities.

[00144] FIGS. 14 and 15 are instructive, exemplary plots of temperature rise or
temperature changes observed in certain embodiments of the present disclosure, such as a device
similar to the Contour® USB meter. The shapes or general trends of the plots would be expected
to be generally similar for different configurations of fluid analyte devices.

[00145] FIG. 14 illustrates temperature rise or temperature influence in a USB-based
meter (e.g. Contour® USB) due to USB activity from being plugged into a personal computer.
Similar trends would be expected for general charging of a fluid analyte meter. The temperature
stabilizes after approximately twenty minutes of activity and a two degree Celsius rise in
temperature. After the USB meter is removed from the PC, the temperature again stabilizes after
approximately twenty minutes back to a zero temperature rise.

[00146] FIGS. 15a and 15b illustrate temperature influence due to both an active USB-
based meter and active mass storage operations. The temperature rise for the mass storage
activity in FIG. 15b is approximately double the temperature rise in FIG. 15a. It is observed
from FIG. 15a that the mass storage element has an approximately linear temperature rise and
recovery during the time period of the commencement of mass storage activity through the
removal of the USB-based meter from the PC (e.g., between the twenty and thirty minute time
periods). It is further observed that the temperature recovery from mass storage activity
continues to decrease after the removal of the USB meter from the PC until the temperature rise
returns back to zero. The temperature rise due to USB activity is also observed in FIG. 15a that
steadily rises until temperature stability is reached after approximately twenty minutes. FIG. 15a
further illustrates that temperature rise due to the mass storage activity and USB activity are
additive and following the end of both the USB activity and the mass storage activity, the
temperature rise in the meter returned to zero after approximately twenty minutes. Similar trends
are observed in FIG. 15b, except that for longer periods of mass storage activity, the temperature
rise also reaches temperature stability similar to the expected temperature rise due to USB
activity.

[00147] It is contemplated that in certain embodiments it would be desirable to have

system and methods for determining if a fluid analyte meter is being operated in an elevated
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temperature environment and for correcting for such an elevated temperature environment. For
example, if the meter is configured to connect directly into a USB port on a PC, additional heat
could be transferred from the PC to the meter resulting in decreased accuracy in determining a
fluid analyte concentration. The male end of the USB meter may be connected to the PC for
various reasons such as charging, saving personal files, backing up fluid analyte data, or running
software that resides on the meter. These capabilities provide convenience to the user while also
presenting a source of error if the meter is plugged directly into a PC or other device that
transfers heat to the meter rather than using a USB cable. It would therefore be desirable to have
a system and method that uses temperature data to assess whether a meter is being operated in an
elevated temperature environment, such as the situation of a meter plugged directly into a heat
source.

[00148] It is contemplated that in certain embodiments a method is implemented upon a
sample strip being inserted into a meter for a determination of analyte concentration. As
discussed above for the charge/active state and mass storage activity state scenarios, a
temperature value, Topr, may be saved or stored at the end of the charge or data transfer state.
Similarly, when the meter is later connected to a PC or placed into an active state, the method
can correct for any temperature build-up or rise in the meter due to external heat sources, such as
the PC. Furthermore, when the meter is later disconnected from the PC, a temperature correction
can be applied to account for the temperature drop in the meter due to the heat source removal.
In certain embodiments, it is contemplated that the rate of temperature rise is similar to the rate
of temperature drop.

[00149] FIG. 16 illustrates a plot of temperature changes for a meter charged via a direct
connection to a power source, such as a USB-meter plugged into a USB port on a PC. The meter
temperature, Tvrrer, Starts out initially at the same temperature as the sample strip, which is
assumed to be the same as the actual ambient temperature, TamsienT OF ROOM, at the location of
the meter (e.g., a room). After the meter is inserted into the power source (e.g., a PC USB port),
TwmeTer increases due to the temperature rise associated with the heat generated in the meter from
the PC and heat generated due to meter activity and/or mass storage activity. The methods
illustrated above in the context of FIGS. 12-15 and elsewhere herein may not account for the

heat generated in the meter associated with the PC, and thus, temperature correction using, for
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example Equations 4 and/or 5 can still result in error (see FIG. 16) in the prediction of ambient
temperature.

[00150] In addition, the detection of and correction for temperature rise using temperature
data obtained while a USB meter is directly plugged into a USB port on a PC can be further
complicated by situations that produce the same or similar effects, such as a meter user moving
from a cold room to a hot room (e.g., TampmENT OF ROOM InCreases) and immediately switching the
power source for charging the meter from a direct connection to the USB port on the computer to
an indirect connection through a USB cable. FIG. 16 in view of FIG. 17 illustrates the different
effects on the prediction of Tampient in the situation where a meter is inserted directly into a PC
USB port (FIG. 16) and then moving from a cold room to a warm room along with indirectly
charging via a cable. While the temperature data suggests an increase in temperature due to an
external heat source, temperature rise is actually due to a rise in the Tampnt of the room, and
thus, should not be corrected. A method accounting for the situation of FIG. 16, but that does
not account for the situation of FIG. 17, may lead to an overcorrection for the ambient
temperature prediction.

[00151] It is contemplated that it would be desirable to implement a method for assessing
temperature rise due to external heat sources (e.g., PC port) through the monitoring and
determining rates of temperature drop after a meter has been removed or unplugged from a direct
connection to a PC. For example, FIG. 18 is a continuation of FIG. 16 and illustrates
temperature drop after the meter is removed from the direct connection to a heat source (e.g., a
USB port of a PC). As illustrated in FIG. 18, the actual temperature drop observed for Tmerer
after the removal of the meter from the USB port is greater than the expected temperature drop
that would be determined according to the algorithms illustrated elsewhere herein. Therefore, it
is desirable for the method to determine the difference in the temperature drop actually
experienced by the meter after removal from the direct connection to the heat source and the
expected temperature drop determined by methods described elsewhere herein. The difference
can be determined at the time a sample strip is inserted into the meter for assessing a fluid
analyte concentration. It is contemplated that in certain embodiments a warning or suspect-
concentration notice can be provided to a user of the meter depending on the magnitude of the
difference and whether a calculated value of analyte concentration is prone to errors of clinical

significance.
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[00152] FIG. 19 is a continuation of FIG. 17 and illustrates temperature drop where a
cable is used to indirectly connect the meter to a device such as a power source or USB port on a
PC. The temperature drop for this embodiment is expected or predicted to be similar to the
actual temperature observed for the meter, Tvrrer. That is, no error of clinical significance is
expected for the scenario presented in FIG. 19 because the meter is physically separated from the
heat source via the cable, and thus, unlike the scenario of FIGS. 16 and 18, the meter is not
expected to experience a temperature rise due to an external heat source.

[00153] It is contemplated that a fluid analyte meter can include a processor or
microcontroller for implementing an ambient temperature prediction algorithm residing in a
memory associated with the meter. It is further contemplated that in certain embodiments, an
ambient temperature prediction algorithm operating on a processor in the meter or otherwise can
include three separate components or routines for addressing different fluid analyte meter states.
The first component includes the meter discharge state or situations in which repetitive analyte
concentration tests are completed. Temperature corrections associated with the first component
take into account temperature rise due to meter operation other than those of the second and third
components and more generally associated with normal analyte concentration testing operations
(i.e., a single test) or where multiple analyte concentration tests are conducted in succession.
The second component includes the meter charging state and the mass storage state and is
intended to handle heat generated within the meter when, for example, the meter is charging,
used for mass storage or read/write operations, or engaged in any other significant heat-
producing operations (e.g., causing a temperature increase of 0.5 degrees Celsius). The third
component of predicting the ambient temperature includes monitoring for heating effects caused
by direct connection to a personal computer or other power source or charger. The third
component includes logging events related to an analyte concentration test that is suspect or of
interest. Such an event may occur, for example, for a test conducted immediately after charging.

[00154] In certain exemplary embodiments, the ambient temperature prediction algorithm
is configured to be stored in a memory and/or processed on a processor such that information can
be shared by the various components of the algorithm and such that the algorithm can be
executed in a fluid analyte meter. FIG. 20 illustrates an exemplary architecture that may be used
for the ambient temperature prediction methods for the various operational meter states described

herein. An initialize routine 2010 is configured to update values, such as temperature or time
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values, that are stored in Electrically Erasable Programmable Read-Only Memory (EEPROM),
or other forms of non-volatile memory that are known in the art, so that the values may be
retrieved after the meter has been turned off or so that values may be retrieved after the meter has
changed modes or states. A shutdown routine 2020 is configured to stored values related to the
ambient temperature prediction algorithm in non-volatile memory (e.g., EEPROM). The
shutdown routine 2020 is also configured to store any special events (e.g., suspect-value events,
events of interest, etc.). Within the data transfer operations 2030, a Monitor-MSC-Read&Write
routine 2035 can be configured for controlling the operations associated with reading and writing
to a flash memory associated with the meter and used for mass storage including monitoring the
length of time and type of mass storage operation that were performed. A system poller routine
2040 can be configured for monitoring the length of time the meter is in the charge state or the
length of time mass storage operations are active. The system poller routine 2040 can also be
configured to monitor temperature-related special events that may occur. A calculation
temperature routine 2056 is also included for tracking meter temperature for analyte
concentration testing and determining what value of temperature (i.e., predicted ambient
temperature) will for used to determine analyte concentration. The calculation temperature
routine 2056 can reside within a test mode application 2054, which may be a part of the
discharge applications 2050 associated with the ambient temperature prediction algorithm. It is
contemplated that the calculation temperature, Tcarc, may be determined using a digital engine
associated with the fluid analyte meter. The value of Tcarc may, however, be provided to an
analog engine that is responsible for determining an analyte concentration (e.g., a blood glucose
measurement).

[00155] It is contemplated that in certain embodiments, a first component of an ambient
temperature prediction method includes processes for handling a meter discharge state or
situations in which repetitive analyte concentration tests are completed. Therefore, one purpose
of the first component can be to address temperature rise internal to the meter during the
discharge state. This may be done by applying a correction to the temperature value used in
analyte (e.g., blood glucose) concentration calculation based on whether the meter was recently
operated. In certain embodiments, the influence of heat generated by operations internal to the
meter can add approximately a zero to one degree Celsius temperature bias into the meter during

the charge and discharge states. It may therefore be desirable in certain embodiments to apply an
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offset when the meter has recently been in use to balance the bias so that it is +£0.5 degrees
Celsius. Thus, a 0.5 degree Celsius correction can be used when the meter was operated within a
certain period of time, such as the length of time it takes a meter to reach temperature stability.
In certain embodiments, the correction may be applied if the meter was operated in the last
twenty minutes. It is further contemplated that the correction value can be higher or lower than
0.5 degrees Celsius and should be based on the individual temperature rise characteristics of a
given fluid analyte meter.

[00156] A second purpose of the first component is to maintain consistency between
multiple subsequent analyte concentration tests. It may therefore be desirable to lock in a
temperature value for a predetermined period of time on the assumption that analyte
concentration tests that occur within a predetermined period of time occur in the same or similar
environment. In certain embodiments, a temperature value may be locked in for five minutes.
However, in addition to locking in a temperature value, it is also contemplated that the method
continues to monitor temperature and may further respond as the latest temperature reading
varies from the locked temperature.

[00157] Turning now to FIG. 22a, a detailed flow diagram provides additional detail of
certain embodiments for predicting ambient temperature in a fluid analyte meter. At step 2205,
the ambient temperature prediction algorithm may start when a user first indicates that they want
to perform an analyte concentration test (e.g., a blood glucose test). For example, a user may
insert a sample strip into a meter, provide some type of user input, or turn on a strip port LED so
that the strip may be inserted in the dark. At step 2210, several logic operators associated with
various temperature events can be set to false and then at step 2215, an assessment is made of
whether the last temperature lock, trock, occurred within five minutes, or some other
predetermined interval, of the time that the algorithm started. The term, trock, can be defined as
a stored time value that is retained through resets, which marks the most recent time that Trock
has been set and is useful for timing in the diagram. The term, Trock, can be defined as a
temperature value, measured when the meter is on, but stored and retained through resets to
determine a temperature for analyte concentration measurements and also track temperature
changes to see if there has been an environmental change. If a period longer than the
predetermined interval has lapsed, value of trock can be reset at step 2217 to the present time,

and effectively re-lock in the current value of Trock for the next five minutes. Thus, in the case
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where a user performs multiple tests close to each other, the same Trock value can be applied to
both tests. If more than five minutes or some other predetermined time interval have lapsed, then
at step 2220 the current temperature, Txgw 1s recorded along with the time, txgw, at which, Tyew
was recorded. The term, txgw, can be defined as a time value that marks when Tngw was
recorded and the term, Tnew, can be defined as the most recent temperature value taken that will
be compared to Trock. Next, at step 2225, another assessment can be made of the difference
between txpw and trock. If the difference exceeds a predetermined time interval (e.g., five
minutes), then the flow diagram proceeds to step 2230 where Trock is set equal to the latest
temperature value, Txew, as recorded by a temperature sensor and trock is set equal to the time,
tnew, Which is the time at which the latest temperature value, Tnpw, was recorded. Whenever a
new temperature measurement is made, the time of the temperature measurement is also
recorded. Next, at step 2235, the logic diagram assesses whether a correction function result
exceeds a value of ten, the value representing a temperature value of one degree Celsius because
of temperature being multiplied by 10 (see, e.g., Correction Function box in FIG. 22a). The
Correction Function box includes equations for the USB_Correction and MSC_Correction that
include correction factors of 0.0253 and 0.0283, respectively, which were determined for an
exemplary embodiment. Such correction factors could be determined for other embodiments
using the methods disclosed elsewhere herein. If the correction function exceeds ten (i.e., one
degree Celsius), then at step 2237 Trock i set equal to Txegw minus the quantity established by
the USB correction function (USB_Correction) plus the mass storage correction function
(MSC_Correction), which are based on time tracking variables that each respectively track the
length of time of charge, Atusg, and the length of time of data transfer, Atysc. The term, Atysg,
can be defined as a timer that monitors the length of time of charge or a period of time that is
saved, through resets, and stores a length of time for which USB or meter has been active. The
term, Atusc, can be defined as a timer that monitors the length of time of data transfer or a period
of time that is preserved through resets and holds the length of time for which Mass Storage has
been active. Correction factors are also applied to Atysg and Atwmsc that are specifically
developed using meter specific data such as the exemplary data in Tables 1 and 2 or FIGS. 14-
15. The flow diagram then proceeds to step 2239 where the logical operator, Apply Temp Corr
is set equal to false. If the correction function does not exceed 10, then at step 2240, as

assessment of the difference between trock and topr 18 made and if the difference is less than
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twenty minutes, then at step 2244, the Apply Temp_Corr operator is set to true. The term, torr,
can be defined as the time at which the meter was last turned off. Otherwise, the
Apply Temp_ Corr logic operator is set to False. The Apply Temp Corr logic operator in steps
2239, 2242, 2244 are then later evaluated to determine if the temperature correction is to be
applied (i.e., true) or not be applied (i.e., false).

[00158] Next, the flow diagram then proceeds to step 2250 where in a series of steps the
values of Trock and Tngw are compared along with upper and lower thresholds to determine
which value is to be use in the analyte concentration calculation and to further determine if
ambient temperature has changed. FIG. 21 provides a graphical illustration of how Trock and
Tnew are processed to determine Tearc, the predicted ambient temperature for use in the analyte
concentration calculation. If the value of Txgw is greater than Trock plus five degrees Celsius,
this is likely due to a change in environmental temperature. The heat generated within the meter
cannot generally increase the meter temperature by more than five degrees Celsius under normal
operating conditions. When this threshold is breached (see step 2270 and Region 1), Tearc is set
to be Txew (see step 2275) because Txew will most likely be closer to ambient temperature. In
Region 2, the temperature value for Txpw is greater than or equal to Trock, but does not breach
the upper threshold (see step 2290). This can be considered an expected amount of temperature
rise, and Trock is the closest to ambient. Thus, for situations in Region 2, Tearc s set to be equal
to Trock. (see step 2294). In Region 3, the temperature value of Tnpw is less than Trock (see step
2290). Heat generated internally to the meter is expected to increase the temperature measured
relative to the ambient temperature, so a measured temperature below Trock indicates a change
in meter environment. Thus, the temperature value of Tngw 18 closer to true ambient, so Tcarc 1S
set to be equal to Txew (see step 2292). Finally, in Region 4, the temperature value of Tnpw 18
less than Trocx minus five degrees Celsius (see step 2250), which would be expected to be
caused by an environmental change. Therefore, Tcarc is set to be Tapw (see step 2255).
Additionally, the Temp Event3 Flag (e.g., a special event not necessarily warranting an error
that relates to temperature) at step 2265 is set to true. Event operators such as the
Temp_ Event3 Flag operator at step 2265 will be explained in greater detail in the discussion of
FIG. 24.

[00159] Next, the flow diagram proceeds to step 2280 where an assessment is made of

whether a fluid (e.g., blood) has been applied and/or a test strip has been inserted into the meter.
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If the answer is no, the flow diagram proceeds to step 2285 where there is a delay of a
predetermined duration (e.g., 5 seconds) before the flow diagram cycles. If a fluid is applied or a
sample strip has been inserted into the meter, the analog engine signals the digital engine of this
occurrence and then the analog engine waits for the digital engine to return the value of Tearc to
use in calculating analyte concentration.

[00160] Referring now to FIG. 22b, if the Apply Temp Corr operator was set to True (see
step 2286) at step 2244, then Tcarc is adjusted with a 0.5 degree Celsius offset (or as otherwise
determined for a given meter) at step 2287. However, if the Apply Temp Corr operator was set
to False at step 2239 or 2242, then Tcarc 18 sent to the analog engine for the determination of
analyte concentration using Tcarc.

[00161] It is contemplated that in certain embodiments, a second component of a method
for predicting ambient temperature includes processes for correcting temperature due to charge
state activities and mass storage or data transfer activities of a meter. In certain embodiments, a
meter may be charged through direct connection to a PC such as via a USB port for which a
temperature correction can at least partially be made using the second component. In other
embodiments, a meter may be charged through an indirect connection to a charging device and in
such scenarios, the first component of the ambient temperature prediction method provides an
acceptable temperature correction.

[00162] The second component for correcting temperature and predicting ambient
temperature in a fluid analyte meter includes a separate assessment of the temperature rise
associated with the direct connection to the PC and related charging, and the temperature rise
associated with the mass storage or data transfer activities. In certain embodiments described
herein, it is desirable to use separate timers for tracking connection time to the PC and mass
storage time. The timers can be regulated by the system poller 2040 (see, ¢.g., FIGS. 20 and 23),
and may be incremented using time tracking variables, Atysg and Atysc , which may be
incremented at a predetermined interval (e.g., fifteen seconds or otherwise) similar to the
exemplary embodiments illustrated in FIGS. 12 and 13. The timers can also include maximum
or threshold values that adjust as the timer is incremented or decremented over the predetermined
time interval. For example to compensate for the temperature drop observed when battery
charging is complete, the maximum allowed value changes. In this case, the value of Atysg will

be decremented every fifteen seconds (e.g., predetermined time interval), until it reaches a
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modified, lower maximum. The purpose of adjusting or modifying the maximum or threshold
values is to account for temperature changes during the various phases of the charge cycle.
[00163] Reading and writing to and from mass storage of the meter can operate within the
system poller. Referring now to FIG. 23a, an exemplary embodiment for the second component
of the algorithm begins with a system poller tick 2302 followed by assessing at steps 2304 and
2306 whether the difference between the current time, txpw, and the time for a mass storage
write, twmsc write, OF mass storage read, twmsc reap, 1S less than seven seconds (or another
predetermined time interval). The time for reading from and writing to mass storage is stored in
Atymse. The mass storage timer maximum is based on whether the meter recently performed a
read or write operation. If the operation occurred within seven seconds prior to the system poller
2040 running, the timer will be moved towards the appropriate maximum at either steps 2308 or
2310. Ifno data transfer operation is detected at steps 2304 or 2306, the flow diagram proceeds
to step 2312 where a check is made whether the timer is greater than zero. If the answer is yes,
the time tracking variable, Atusc, is decreased by a predetermined time increment (e.g., fifteen
seconds) at step 2314. At steps 2308 and 2310, maximum or threshold times are established
which the time tracking variable, Atysc, is not allowed to exceed. The maximum or threshold
values are predetermined for a meter based on the meter’s heat generation and dissipation
properties. Following step 2308, the flow proceeds to step 2316 where it is determined if Atysc
plus a predetermined time interval (e.g., fifteen seconds) exceeds the mass storage write
maximum threshold established in step 2308. If it does, Atmsc can be reset to be equal to the
write maximum threshold (e.g., MSC_Write Max) at step 2318. Otherwise, at step 2320, Atusc
is increased by a predetermined time increment (e.g., fifteen seconds). Following step 2310, the
flow proceeds to steps 2322 and 2324 where it is determined if Atysc 1s greater than or less than
the mass storage read maximum threshold established in step 2310. If greater, Atmsc is
decreased by a predetermined time increment (e.g., fifteen seconds) at step 2314. Otherwise, at
step 2326 Atys is increased by a predetermined time increment (e.g., fifteen seconds).

[00164] Next the flow in FIG. 23a proceeds to step 2328 where threshold or maximum
values for the charging timer, Atysg, are established based on the charge state that the meter
battery may be in that includes discharging or wall charging (e.g., cable connection) and the
various phases of a battery charge cycle such as idle, terminated, or fast charging. For certain

embodiments, the threshold or maximum value falls within the range of maximum values
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identified in step 2328. The flow diagram then proceeds to steps 2330 and 2332 where it is
determined if Atysg is greater than or less than the charge timer maximum established in step
2328. If it does, Atysg has a predetermined time increment (e.g., eleven seconds, fifteen seconds,
or otherwise) subtracted from it at step 2334. Otherwise, at step 2336 Atysg is increased by a
predetermined time increment (e.g., fifteen seconds). If neither result from step 2330 or 2332 is
true, then the method proceeds to FIG. 23b.

[00165] It is contemplated that the value of Atysg can be used to monitor temperature rise
during charging and can also remain active while the meter is in the discharge state. Thus, the
corrections for temperature behavior of the meter in use situations where the meter is operated
immediately before or immediately after charging can be accounted for.

[00166] As discussed elsewhere herein, whenever the meter is turned on the length of time
the meter was off is calculated. This length of time is then subtracted from the time at which the
meter was turned on to account for any cooling in the meter while it is off. It is contemplated
that the timer or time tracking variables are not allowed to have a value less than zero.

[00167] Referring now to FIG. 23b, the flow continues from FIG. 23a to step 2338 where
the meter can assess if the Temp Event Block logical operator is set to true. If yes, the meter
flow proceeds to step 2340, which continues the system poller operation. If no temperature
event block is present, the method proceeds to step 2342 to assess whether an event,
Temp Event2, has occurred or whether the flag has been set to true (see step 2356). If
Temp Event2 is true, then the method proceeds to the system poller at step 2340 because an
attempt is being made to conduct the test during a period when the meter has detected that it was
directly connected to a PC or other charging device which contributes a significant temperature
difference relative to the room in which the test has been performed. If Temp Event?2 is not true,
then the method proceeds to step 2344 to check if Torr, the temperature value at which the meter
was last turned off, is greater than zero. The term, Topr, can also be defined as a stored
temperature value that is saved when the meter is removed from a PC or wall charger or as a
reference temperature, measured before the meter is turned off at the end of charging, but stored
and retained to estimate whether there has been an environmental change. If Topr is not greater
than zero, the method proceeds to step 2340. If Topr is greater than zero the method proceeds to
steps 2346 and 2348 to determine if the meter was turned off for more than thirty seconds but

less than five minutes (e.g. within a predetermined time period or range). In certain
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embodiments, the range may be thirty seconds to twenty minutes. As discussed elsewhere
herein, such values or ranges of values are exemplary only for purposes of illustrating non-
limiting embodiments of the disclosed ambient temperature prediction methods. If the meter was
not turned off within the predetermined time period, then the method proceeds from step 2346 or
2348 to the system poller at step 2340.

[00168] In the exemplary embodiment of a USB meter, which is equipped with a male
USB connector, a meter can be connected to a PC for the purpose of charging, saving personal
files, backing up blood glucose data, or running software that resides on the meter. If the user
plugs the meter directly into a PC or other device that transfers heat to the meter, some error may
be introduced in calculating analyte concentrations. In the absence of being able to detect how
the connection is made by some electrical signal, a method detects these situations by monitoring
and applying temperature data.

[00169] The third component of the ambient temperature prediction algorithm implements
a method for monitoring temperature drop after the meter has been charged. After a meter is
removed or disconnected from a charging element, a temperature value, Topr, 1s stored which
serves as the reference, end-of-charging temperature. The associated timing reference, torr, 18
set at the moment that the meter is removed or disconnected from the charging source (e.g.,
unplugged from the PC). The time, topr, can be stored as a real-time clock value or stored as a
reference time zero from which the time after the meter has been unplugged from the PC is
tracked.

[00170] At step 2346, a determination is made on whether the meter was turned off for
more than thirty seconds (e.g., more than a predetermined time). In certain embodiments, the
time period from topr to torr plus a predetermined interval of time (e.g., thirty seconds or
otherwise depending on the meter configuration) and a direct connection to a PC or other direct
charging device can be difficult to detect using temperature data. Once the meter has had the
opportunity to measurably cool there can be confidence that a temperature drop was due to a
removal or disconnection from the PC or direct charging device. Returning to FIG. 22b, at step
2289, a user waits for an analyte concentration test to be completed. Next, the flow diagram
proceeds to step 2290 to determine if there were any testing errors. If there were no errors, the
method first proceeds to step 2295 to set Temp Event Block to false and then proceeds to step
2291 to determine if Topr is greater than zero, similar to step 2344 in FIG. 23b. If Topr is greater
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than zero then the meter proceeds to check if a result was obtained within thirty seconds of the
meter being unplugged from the PC at step 2292. If the result was obtained within such time
period, the Temp Eventl flag is set to True at step 2293 and the occurrence of the event (e.g., a
special event or a suspect-value event) may be stored immediately or at a later time in a log that
associates the event with the time it occurred. The method then proceeds to continue with the
test mode at step 2294. If a testing error results at step 2290, then the method continues with an
error at step 2297.

[00171] Referring back to steps 2346 and 2348 of FIGS. 23b, a determination is made on
whether the meter was turned off for a predetermined time interval (e.g., more than thirty second
but less than five minutes). Within the predetermined time interval, a meter can be configured to
detect a direct connection to a PC based on the monitoring of temperature data. It is
contemplated that in certain embodiments, the meter will make a periodic direct connection
determination (e.g., every 15 seconds or at other preselected time intervals) from the system
poller task if both of the following conditions are true: (i) the meter is in test mode, and the
current time falls within torr plus a preselected range determined according to the heat
dissipation properties of the fluid analyte meter (e.g., torr plus thirty seconds to five minutes for
the Contour® USB meter). The determination of a direct connection to a PC or other charging
source can be made using the following equations, which are also illustrated in steps 2350 and

2354, that estimate the temperature :

X = Torr — Txew — fussalg(tnew — torr) — fuscalg(tvew — torr) (Equation 6)
Y=X / (tNEW — tOFF) (Equation 7)
where X = difference between the actual temperature drop and the

expected temperature drop;

Y = rate of change of the difference between actual and
experienced temperature drops;

fussaig(t) = correction value or factor of the ambient temperature
prediction algorithm for charging where Atysg = (txpw —
torr); and

fmscalg(t) =  correction value or factor of the ambient temperature

prediction algorithm for mass storage where Atyse = (tnpw
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— torr).

[00172] Referring back to FIGS. 18 and 19, Equations 6 and 7 relate to the comparison of
observed temperature drop and expected temperature drop and determining if the rates of change
are similar. In the exemplary embodiment of FIG. 23b, the term X is calculated at step 2350 and
Temp Eventl Is set to False in step 2352. At step 2354, the rate of change of the difference
between actual and observed temperature drop (e.g., Y) is made. For an exemplary meter (e.g.,
Contour® USB), X is determined to be 0.5 degrees Celsius and (txgw — torr) is determined to be
thirty seconds. If Y is greater than one degree per minute, then the meter will then set
Temp_ Event2 to True at step 2354. Once Temp Event2 has been reset, the meter may stop
doing determinations, until the next time a strip is inserted. If Y is less than one degree per
minute, Temp Eventl is not stored and the algorithm proceeds to step 2340. Additional
determinations may continue to occur at periodic time intervals (e.g., every fifteen seconds),
until the meter is turned off, moves to menu mode, the meter has been removed for a
predetermined period of time (e.g., five minutes) from a direct connection to a charge source
(e.g., PCUSB port), or a Temp Event 2 is detected.

[00173] It is contemplated that the third component of the ambient temperature prediction
algorithm relates to detecting charging or heat-generation within the meter in heightened—
temperature environments. The occurrence of such an event can be identified and logged in a
memory as a special event or suspect-value event that includes an identifier so that the logged
event can be correlated with an analyte concentration result. Logged events may be used by a
servicer to assess the performance of a meter. Special event can be stored similar to errors.
Examples of special event or suspect-value events include: (i) Temp Event]l which indicates
that a test has been conducted and the analyte concentration result was reviewed before the meter
had sufficient time to determine whether the meter was directly connected to a PC or other
charging device contributing to a significant temperature difference between the meter and the
room in which the test was being performed - see, e.g., FIGS. 22b and 23b; (i1) Temp Event2
which indicates that a test has been conducted during time period when the meter detected a
connection to a PC or other charging device that contributed to a significant temperature
difference between the meter and the room in which the test was being performed — see, e.g.,
FIG. 23b; and (iii) Temp_Event3 which indicates that a test has been conducted during a time

period when the meter detected a rapid temperature drop that is not definitively associated with
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charging the meter — see, e.g., FIG. 22a and first component of ambient temperature prediction
algorithm.

[00174] Referring now to FIG. 24, aspects of the shutdown routine described in FIG. 20
are illustrated in more detail according to certain embodiments of the present disclosure.
Furthermore, additional details are provided on the various special events that may be recorded
or logged by the meter. At step 2405, shutdown is initiated by the meter. At steps 2410 and
2415, assessments are made regarding whether Temp Eventl, Temp Event2, and/or
Temp_ Event3 are true. If the answer to these conditions is no, the method proceeds to step 2429.
However, if Temp Eventl is true then Temp Eventl is stored or logged with the same
timestamp as the most recent analyte concentration test result (e.g., blood glucose test result).
Similarly, if Temp Event2 or Temp Event3 are true, then Temp Event2 or Temp Event3 are
respectively stored or logged with the same timestamp as the most recent analyte concentration
test result. The method then proceeds to step 2429 where a logical operator, Store Flag is set
which determines in subsequent steps what data are stored in non-volatile memory. Next, at step
2430, a determination is made as to what temperature value should be stored in the non-volatile
memory for Torr based on the value of Store Flag and whether the meter is shutting down from
a direct or indirect charge state. At step 2435, a logical operator determines what values of topr
should be stored in non-volatile memory. The shutdown process continues with steps 2440 and
2445, which include saving the recent values for Atysg, Atmse, Trock, and trock to a non-volatile
memory before continuing with shutdown activities at step 2450 and shutting down the meter.
[00175] It is contemplated that in certain embodiments the temperature corrections determined
for PC or direct charging and for mass storage are based on linear models or relationships.
Different correction factors are determined based on the individual models developed for each
heat generating element associated with a fluid analyte meter. It is contemplated that it may be
desirable for the ambient temperature prediction process to check if the sum of correction values
associated with the PC charging and the mass storage activity is greater than one degree Celsius.
If so, the 0.5 degree Celsius correction from the first component of the algorithm or process
described above may not be a sufficient correction. Furthermore, the value of Trock can then be
corrected by subtracting the sum of the correction values for PC charging and mass storage
activity from the from the second component of the ambient temperature prediction algorithm.

If temperature correction takes place according to the second component of the ambient



WO 2010/040090 PCT/US2009/059430

-55-

temperature prediction algorithm, the flag or event for a 0.5 degree Celsius correction from the
first component is reset, so that both corrections are not applied. If the sum of the two
corrections is not greater than one degree Celsius, the algorithm will proceed with the first
component of the ambient temperature prediction algorithm.

[00176] It is contemplated that in certain embodiments an integrated fluid analyte system
2500, as illustrated in FIG. 25, can incorporate the components and functions of the portable
device 2505 with the components and functions of the meter module 2510. Portable device 2505
and meter module 2510 may be connected, such as via a physical connection, through an
interface 2572. The integrated device 2500 can receive an analyte-test sensor 2530 via a port
2520. The integrated device 2500 can also include processors 2540, 2542 that can calculate, for
example, the concentration of analyte in the sample collected by the test sensor 2530. The
processors 2540, 2542 in the integrated device 2500 can also process information from the
detection of a reaction between the sample and a reagent on the test sensor 2530. The test results
are stored in at least one of memories 2552, 2594 of the integrated device 2500. As such, the
memories 2552, 2594 may have a capacity in the range of about 500 MB to about 2 GB. The
integrated fluid analyte device 2500 can also include one or more user interfaces 2560, 2562 that
are used to display the test results and to enter input for various display options.

[00177] In certain embodiments, the integrated system 2500 can be a portable blood glucose
meter that provides data processing and display features. Users can employ the integrated device
2500 to provide a blood sample via the test sensor 2530 and can further access more
sophisticated presentations of blood glucose test data from the integrated device 2500 without
launching data-management application on a separate processing device 2502. However, as
hardware limitations may still prevent all desired functionality to be incorporated into the
integrated device 2500, the integrated device 2500 retains the ability to launch the data-
management application on a larger processing device 2502 and to provide the user with
functionality not available on the integrated device.

[00178] It is contemplated that the integrated device 2500 can connect wirelessly to more than
one type of processing device 2502, including a laptop PC and mobile communication devices.
In certain embodiments, interface element 2570 associated with the integrated device 200
connects with interface element 2506 of the processing device 2502 to allow data transfer from

the integrated device 2500 to the processing device 2502. The processing device 2502 may
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already include data management software or the data management software 2592 from the
integrated device 2500 can be used to analyze collected data. The processing device 2502 can
further include a processor, a user input device 2504, and a display 2522 to assist with the
downloading and/or analysis of data, for example, blood glucose readings and time-stamp
information, retrieved from the integrated device 2500. In general, the portable device 2505 may
be integrated with varying levels of functionalities, such as user interface features and
measurement system capabilities. However, any device employing components and functions of
the portable device 2505 may include a user interface, even if it does not incorporate components
and functions of the meter module 110.

[00179] Referring now to FIG. 26, an illustration is made of an embodiment in which a length
of time is maintained to record the length of charging of a battery in a fluid analyte system. This
length of time, Atysg (e.g., dt USB), has a cap or upper boundary that is based on the charge
state of the battery. In the example of FIG. 26, as the fast charge of a battery nears completion
the upper level decreases for each lower state as the battery charge nears and reaches completion.
This length of time, Atysg, can be used in temperature prediction algorithms since heat
generation in a system can be approximated based on a charge state (e.g., fast, termination, idle)
and the length of the charge state. It is contemplated that measurement of temperature rise based
on a length of time can be desirable for predicting temperature changes because it can factor in
the time that a meter is off and the temperature recovers. It is further contemplated that each of
the charge state upper levels (e.g., fast charge max, termination charge max, idle charge max)
can be useful for establishing a target temperature rise level within a fluid analyte system, such
as the systems described herein, including a meter module.

[00180] Similar to the temperature rise that may be calculated based on a length of time as
described above for FIG. 26 for a charge state of a fluid analyte system (and as discussed
elsewhere herein), it is contemplated that ambient temperature predictions based on temperature
rise can also be made for a fluid analyte system in a discharge state. This can be accomplished
by maintaining a value for the fluid analyte system that represents Temperature Rise (Trise). It is
contemplated that predicting ambient temperature using such a method can include determining a
Temperature Target (Trareet) based on power consumption of the elements associated with, for
example, a meter module. For example, a Temperature Target may be determined based on the

power consumption of a portable device interfaced with a meter module.
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[00181] Determining Trame: 18 beneficial because it can guide how Trie changes over time.
Tareet 18 determined using the power from a battery or other power supply as calculated from the
power supply current and voltage. It is desirable to update Traree: at regular time intervals. In
certain embodiments, Traeet can be updated every fifteen seconds. In another embodiment,
Trareet can be updated every minute. Shorter (e.g., <15 seconds, <1 minute) and longer (e.g., >15
seconds, >1 minute) time intervals are contemplated for updating Trareer. It 18 desirable to update
Trise at regular time intervals because Trise 18 used in the ambient temperature calculation. 1
certain embodiments, Trarger and Tris are updated at the same or similar time intervals.

[00182] The ambient temperature prediction methods include several symbols that can be

defined for certain embodiments as follows:

Symbol Definition

Prow Calculated power from Battery Current/Voltage Data

T Target Target Temperature Rise (above ambient)

Trise Expected temperature rise above ambient, value is

obtained from last temperature history update

Tpir is the difference between the target temperature rise

(Trareet) and expected temperature rise (RBG)

Tshitt is the predicted temperature shift in RBG from the last
update as it approaches the target

Atuss A period of time that is saved, through resets, and

stores a length of time for which USB has been active.

[00183] Referring now to FIGS. 27-30, exemplary embodiments are illustrated for methods
used to determine parameters for the ambient temperature prediction algorithms discuss in FIGS.
31 and 32. The exemplary embodiments of FIGS. 27-30 are based on experimental data
collected to reflect an advanced portable electronic device (e.g., a personal digital assistant,
Pocket PC, Smart Phone, etc.) configured to operate a variety of tasks via an operating system
and various software applications. The advanced portable electronic device can be of the type
that consume large amounts of power (e.g., up to 1,300 milliwatts or more) and may include, for
example, a color graphical display, a keyboard, a touch screen interface, a rechargeable battery, a
camera, an interface for connecting to other devices, and/or an audio interface. Such a device

could generate significant amounts of heat that exceed the tolerances associated with determining
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fluid analyte concentrations, and thus, may necessitate a correction of the ambient temperature
used in the concentration determination. It is also contemplated that the portable electronic
device may be a simple device that consume less power, and thus, generate less heat. Similar to
the configurations illustrated in FIGS. 1, 2, and 25, the advanced portable electronic device can
be interfaced with a meter module.

[00184] FIG. 27 illustrates an embodiment for the discharge from a power hungry portable
device interfaced to a meter module. Multiple plots are illustrated for power (e.g., Power) over
several periods of time and the associated raw temperatures measured over the same time periods
by temperature sensors located on the interior (e.g., Tpam) of a meter module and on the surface
(e.g., Tsurr) of the same meter module. In certain embodiments, the temperature sensor may be
located on a printed circuit board within the housing of a meter module or on an unhoused
printed circuit board. In certain embodiments, the temperature sensor is a thermistor embedded
near the exterior surface but within the housing of a meter module. The primary source of heat
in FIG. 27 is from the power output of a portable device, such as the portable advanced
electronic device discussed in the previous paragraph. FIG. 27 illustrates a portable device in
various discharge states, including a high power consumption discharge state (e.g., from Time =
0 to approximately Time = 4,500 seconds), a low power consumption discharge state (e.g., from
approximately Time = 4,500 to approximately Time = 10,500 seconds), and a medium power
consumption state (e.g., from approximately Time = 10,500 seconds to approximately Time =
16,000 seconds). The data was collected in a stable temperature chamber to minimize the
influence of outside environmental factors on the collected temperature data. The meter module
with no battery was allowed to settle to the chamber temperature. Next the battery was inserted,
the meter booted up, and data collection software was used to cycle through the high, low, and
medium discharge states. The plotted data also reflect the meter module being allowed to settle
for at least 1.5 hours after changing discharge states, so that equilibrium could be achieved. As
the data associated with Tbgm and Tsur was sent from the meter module to the advanced
portable electronic device, battery current and voltage information was also recorded to allow
calculation of power in FIG. 27.

[00185] While the data illustrated in FIG. 27 shows positive power values, it is noted that the
data is actually negative because the device and meter are in a discharge state with the battery

expending energy. It is further noted that in certain embodiments, all the power values are
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positive (see, e.g., FIG. 36). FIG. 27 is particularly useful because it illustrates that the
temperature on the surface or within a meter module for a portable meter and meter module
arrangement will settle to a steady-state value for a given amount of power consumed. Thus, a
steady-state temperature can be achieved, but the value changes as the power consumption
changes.

[00186] Referring now to FIG. 28, an exemplary target temperature rise plot is illustrated
based on data from both the temperature sensor located on the interior of the meter module and
the temperature sensor located on the surface of the housing of the meter module. The
exemplary target temperature rise values can be determined of a specific meter by developing a
similar plot to that presented in FIG. 27 for various power consumption states (e.g., low,
medium, high). Looking at some of the data illustrated in FIG. 28, the low, medium, and high
power consumption values were approximately 300 milliwatts, 600 milliwatts, and 850
milliwatts, respectively. The final plot of temperature rise for each of the surface and interior
temperature sensors was based on the temperature reaching the steady state value for the
respective discharge power consumption state. Combining the methods illustrated in FIGS. 27
and 28, the slope of target temperature rise versus power consumption can be readily determined
for a given fluid analyte system, including, for example, a portable meter and meter module
arrangement. The slope of the lines for each temperature sensor readily allows the determination
of target temperature rise for a wider range of power consumption levels for the fluid analyte
System.

[00187] Referring now to FIG. 29, an exemplary target temperature rise plot can also be
determined using temperature sensor data collected during various charge states for a fluid
analyte system arrangement. The difference between the charge state and discharge state are that
the battery for the fluid analyte system results in positive currents when charging, whereas
negative currents result during the discharge state. While the negative and positive values make
it easy to distinguish between charge and discharge states, the data is generally reviewed as
absolute values. FIG. 29 illustrates an exemplary single charge state based on a medium amount
of power consumption in the fluid analyte system. The charging was completed from a PC
connected to the fluid analyte system (e.g., a USB portable device). FIG. 29 illustrates that in the
charge state the relationship of target temperature rise and power (while generally linear, similar

to the discharge state of FIG. 28), the slope profile is different from the discharge relationships.
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[00188] FIGS. 27-29 illustrate the development of the relationship of target temperature rise
for various power consumption states within the charge and discharge modes of an exemplary
fluid analyte meter embodiment. The methods to develop the relationship can be applied to
various fluid analyte system configurations such as those illustrated in FIGS. 1-4, 25, and
identified elsewhere herein. However, development of parameters for an ambient temperature
prediction algorithm applicable to the systems identified herein would benefit from a model of
the behavior of temperature rise (e.g. Trise) as it approaches the target temperature rise (e.g.,
Trareet). FIG. 30 illustrates embodiments of a predictive model for temperature change over a
preselected period of time (e.g., approximately 15 second interval, approximately 1 minute
interval, etc.) based on the difference between temperature rise and target temperature rise.
[00189] The horizontal (x) axis of FIG. 30 is the temperature difference between the target
temperature rise, Traret, calculated using the power data such as illustrated in FIGS. 27-29, and
the actual temperature rise in the meter determined at the immediately prior time interval (e.g.,
approximately 15 seconds prior, approximately 1 minute prior, other predetermined time
interval[s]). The vertical (y) axis of FIG. 30 is the resulting change in the temperature rise in the
meter, calculated by subtracting the temperature rise measured 1 minute in the past (e.g., at the
immediately prior time interval) from the measured present temperature rise.  Both
measurements can be made using a temperature sensor, such as a sensor located within the meter
module or on the surface of the meter module or a housing associated with a portable device.
[00190] FIG. 30 illustrates an exemplary linear approximation based on temperature data
collected for a temperature sensor located within a meter module near the test sensor. The linear
approximation allows for a good approximation of the change in temperature rise with any target
temperature rise. The methods used to determine the key parameters for predicting ambient
temperature described herein can be readily adapted to any meter and can also be developed to
accommodate the entire power range of the meter. With the ability to model temperature rise in
the meter across the entire power range, the predictive model can handle the contemplated use
scenarios for the meter and remain independent of the environment and handling.

[00191] It is contemplated that in certain embodiments, a meter module and/or the entire fluid
analyte system may be subject to a power range from approximately 0 up to approximately 1,300
milliwatts, where the lower end of the range represents the meter module in a standby mode and

the higher end of the range represents a charging or extreme load discharge state. Ranges higher
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than 1,300 milliwatts are also contemplated. It is further contemplated that the meter module
may operate in varying temperature ranges. In one embodiment, the meter module may be
subject to temperatures ranging from approximately 5 degrees Celsius to 45 degrees Celsius. In
another embodiment, the meter module may be subject to temperatures of up to approximately
55 degrees Celsius.

[00192] It is contemplated that in certain embodiments the term, target temperature or Trarcer
will be understood to refer to a long-term temperature settling point or threshold that given a
fixed amount of power consumption or a regularly repeating pattern of power consumption, a
fluid analyte meter or meter module will reach within a predetermined period of time (e.g.,
twenty to thirty minutes, less than twenty minutes, greater than thirty minutes). Such a target
temperature can then determined using the equations at steps 3145 or 3645 of FIGS. 31 or 36 and
by measuring power consumption and determining constants as illustrated, for example, in FIGS.
28 and 29.

[00193] FIG. 31 illustrates an example for determining a temperature rise value for a blood
glucose meter module (e.g., a type of fluid analyte meter) in a low power consumption mode
(c.g., low state). At step 3110, the meter module turns on to perform the temperature rise
determination. In one exemplary embodiment, the meter module may turn on or wake up every
minute to perform the temperature rise determination. Other time intervals are also contemplated
such that that the needs of the meter are met to accurately predict ambient temperature for the
fluid analyte concentration determination. At step 3115, the meter module performs an
EEPROM checksum determination. If there is an error, the algorithm proceeds to step 3120 and
reports an error. If the EEPROM checksum is okay, the algorithm proceeds to step 3125 and the
meter module requests power data from a portable device (e.g., a PDA or other advance portable
electronic device). At step 3130, the meter checks if data was received before a timeout. If
portable device does not respond, an error may be reported at step 3135 and the meter module
may assume it is in a standby mode with no temperature rise. If the portable device does
respond, the meter module determines power from the battery current and voltage data received
from the PDA in step 3125.

[00194] At step 3145, the target temperature rise is estimated for both the charge mode and
the discharge mode. As illustrated in FIGS. 28 and 29, the slope for the linear approximations

for the charge and discharge modes varies, and thus, the equation used to estimate the target
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temperature rise depends on whether the calculated power in step 3140 is positive (charge mode)
or negative (discharge mode). The variables mgise and bgise represent the slope and y-axis
intercept for the slope of the discharge target temperature rise approximation, such as the one
determined in FIG. 28. The variables mMcharge and benarge represent the slope and x-axis intercept
for the slope of the charge target temperature rise approximation, such as the one determined in
FIG. 29.

[00195] At step 3150, the difference is determined between the target temperature rise
calculated in step 3145 and the actual temperature rise in the meter module from an immediately
prior measurement time period. Then at step 3155, a predicted temperature shift in the meter
module is determined using the slope and y-axis intercept of a linear approximation determined
according to the procedures discussed for FIG. 30. The predicted temperature shift is also based
on the difference between the target temperature rise and the expected temperature rise in the
meter module, determined in step 3150.

[00196] At step 3160, the temperature rise value is then reset for the present time interval to
equal the previous value of temperature rise plus the predicted temperature shift determined in
step 3155. The temperature rise value can be stored in a memory associated with the meter
module. Next, at step 3165, the meter module can then go into a standby mode until prompted to
again perform the steps outlined in FIG. 31 at the next predetermined time interval. The
predetermined time interval can vary as necessary to meet the parameters for accurately
predicting ambient temperature while balancing the need to reasonably conserve battery power.
[00197] If a test strip is inserted into the meter module, the meter module then transitions to a
test state following the algorithm illustrated in FIG. 32. At step 3210, the test strip is inserted
into the meter module. At step 3220, the meter module and/or system then initializes as it exits
the standby or sleep mode. At step 3230, the meter module measures the value at the
temperature sensor on the meter module. In the exemplary embodiment of FIG. 32, the
temperature value in the interior of the housing of the meter module can be determined at step
3230. Then, at step 3240, a prediction of ambient temperature is made based on the difference of
the temperature value determined at step 3230 and the latest value of temperature rise determined
in the algorithm illustrated in FIG. 31. At step 3250, a determination of fluid analyte
concentration is then made using an algorithm that includes the predicted ambient temperature

determined in step 3240.
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[00198] The temperature effects of heat transfer between a test sensor 3300 and a meter 3400
are further described with reference to the configuration shown in FIG. 33. In particular, FIG. 33
shows a test-sensor opening 3410 of a meter 3400 that receives and engages a received area 3312
of a test sensor 3300. A temperature measuring system 3450 determines the temperature 7 from
a measured area 3313, i.e., a part of the received area 3312 that is positioned proximate to the
temperature measuring system 3450. The temperature measuring system 3450, for example,
may employ an infrared thermopile sensor or an optical-sensing system. In addition, an
insulating air pocket 3453 may be formed by a gap between the temperature measuring system
3450 and the measured area 3313. Due to the temperature changes that may occur specifically at
the measured area 3313, the temperature 7 at the measured area 3313 may be different from the
temperature 7 generally associated with the test sensor 3300.

[00199] In general, the temperature measuring system 3450 in the meter 3400 may be able to
measure the temperature 7 of the test sensor 3300 with a very short response time, i.¢., almost as
soon as the test sensor 3300 is inserted into the test-sensor opening 3410 at time ¢;,. However, the
temperature 7,, of the meter 3400 at the time #; may be different from the temperature of the test
sensor T, and this temperature difference between the meter 3400 and the test sensor 3300 may
cause the received area 3312 to experience temperature changes via heat transfer. For example,
as discussed previously, the received area 3312 may receive heat from sources associated with
the meter 3400. Although the test sensor 3300 may be formed from a plastic that is a poor
thermal conductor, the thermal mass of the test sensor 3300 may be so small that heat transfer
with the meter 3400 may produce significant and relatively rapid temperature changes in areas of
the test sensor 3300. In some cases, the temperature measuring system 3450 may not be able to
measure the temperature 7 of the test sensor 3300 before the received area 3312 experiences the
effects of heat transfer with the meter 3400. As such, a simple measurement from the received
arca 3312 by the temperature measuring system 3450 may not accurately reflect the temperature
T of the test sensor at time ;. Without a more accurate determination of the temperature 7 and
thus the temperature of the reagent 3315, the determination of the analyte concentration cannot
accurately account for the temperature of the reagent during the reaction.

[00200] If the temperature 7,, of the meter 3400 is greater than the temperature 7 of the test
sensor 3300, the measured area 3313 may come into contact with the hotter meter 3400 when the

test sensor 3300 is initially inserted into the test-sensor opening 3410. As a result, the measured
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area 3313 may experience rapid heat transfer from the meter 3400, and the temperature 7 at the
measured area 3313 may increase initially. However, once the test sensor 3300 is fully received
into the test-sensor opening 3410, the measured area 3313 is positioned proximate to the
temperature measuring system 3450 and becomes insulated by the air pocket 3453. At this stage,
there is no direct contact, and corresponding heat transfer, between the meter 3400 and the
measured area 3313. On the one hand, the measured area 3313 may start to cool due to heat
transfer from the measured area 3313 to the bulk material of the test sensor 3300, which
generally remains at the lower temperature 75. On the other hand, other areas of the received
3312 are now in contact with, or otherwise exposed to, the hotter meter 3400, so the measured
area 3313 may experience heat transfer from the meter 3400 according to different pathways,
1.e., without direct contact with the meter 3400.
[00201] FIG. 34 illustrates a graph of the temperature 7" at the measured area 3313 as a
function of time ¢, where 7, is the meter temperature; 7 is the general test sensor temperature;
and 77 is the first temperature measured at measured area 3313 when the test sensor 3300 is fully
inserted into the test-sensor opening at time #;. Part I of the graph in FIG. 34 illustrates the effect
of the cooling that the measured area 3313 experiences when it is first positioned over the
temperature measuring system 3450 and is no longer in direct contact with the hotter meter 3400.
Meanwhile, part II of the graph illustrates the effect of the heat transfer from the meter 3400 to
the measured area 3313 due to the exposure of other arcas of the received 3312 to the hotter
meter 3400.
[00202] The cooling represented by part I of the graph may be modeled according to the
following equation:

T(t)=(T, -T)e "' +T, (Equation 8),
where 7¢ = time constant for part I. The heating represented by part II of the graph may be
modeled according to the following equation:

T(t)=(T, -T)1-e""") (Equation 9),
where Ty = time constant for part II. Thus, the overall temperature curve in FIG. 34 may be

modeled according to the following equation:

T(t)=T, +(T,~T.)e"'" —(T, —T,)e”"'"™ (Equation 10).
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Alternatively, where a = /T, b= 1/Ty, ¢ = Ty, d =T, - Ty, and f = T, - T;, Equation 10 may be
expressed as:
T(t)=c+de ™ - fe (Equation 11).
AsTs=c-fandd=T;-c +f, Equation 11 may also be expressed as:
TA)=c+ (T, —c+ fe ™ — fe” (Equation 12).

The values a and b are system parameters, i.c., time constants, that may be determined and
calibrated with system design and configuration. Thus, ¢ and f may be determined by fitting
Equation 12 to a series of temperature measurements from the temperature measurement system
3450. T can then be calculated as the difference between ¢ and f.
[00203] In some instances, the temperature 7, of the meter 3400 may be lower than the
temperature 7 of the test sensor 3300. In these instances, the d and f in Equation 11 are
negative. Thus, a negative value for f from the fitting of Equation 12 to the temperature
measurements 7' indicates that the meter 3400 is cooler than the test sensor 3300.
[00204] The graph of FIG. 34 also shows a minimum temperature 75, of the measured area
3313 at a time ¢,,. If the temperature 7, of the meter 3400 is lower than the temperature 75, the
value Ty, represents a maximum temperature rather than a minimum temperature as shown in
FIG. 34. The temperature measuring system 3450 can readily obtain the minimum temperature
for T, as well as the meter temperature 7}, and temperature 77 of the measured area 3313 at time
t;. Accordingly, in an alternative approach, a curve is fitted to the three points corresponding to
the temperatures T, T, and 7;. As shown in APPENDIX A, the following equation may be
derived from Equation 10 above:

T =T +A(T -T) (Equation 13),
where 4 =" ET) Dy =T /T and R=r"""/(1-r). Using the known values for T,
T, and T;, a value for T can be determined iteratively as illustrated in steps 3505, 3510, 3515,
3520, 3525, 3530, 3535, 3540, 3545, 3550, 3555, 3565, 3560, and 3570 in FIG. 35, according to
the following equation:

a4 (ar(m -1) " -1)

dT, (T,-T)"

s

(Equation 14).

[00205] Table 3 provides results for experimental trials 1-9 conducted in a system with a

configuration as shown in FIG. 33. As the results of Table 3 show, the value calculated for 7
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according to Equation 13 compares favorably to the value of (¢ - f) calculated according to
Equation 12. Although the value of (¢ - f) may provide a higher confidence, calculating a value
for T, according to Equation 13 provides a more efficient approach that only requires the
measurement of three values, 7, Tm, and 7}, rather than 100 or more data points for example.
As such, less computing effort is required and simpler electronics may be employed.

Table 3: Results for Experimental Trials 1-9 with System of FIG. 33

1 2 3 4 R 8 9
a 2799 2.248 2.534 2724 L1777 1.849 2.965
b 0.4326 | 0.5396 | 0.5039 0.4976 0.5779 | 0.5742 | 04322
¢ 45.88 43.67 42.84 41.95 40,48 37.47 37.11
£ | 277 | 2867 | 2402 | 2285 | 2935 | 2748 | 2048

of 221168 | 150000 | IBEIGE | 151000 | 1L1368 | 99500 | bnaMW

T 45.6861 | 444103 | 43.0971 | 419714 | 41.1459 | 379941 | 37.4688

Ty 36.1748 | 33.9693 | 33.0568 | 32.6104 | 32,1691 | 293132 | 28.6133

Tem 304936 | 27.7163 | 28.0789 | 27.4915 | 26.5792 | 24.1677 | 233211 |

Ta 2UE7B0T | 14.26804 | 1652611 | 1891284 | D.SVEGIS | 5.078628 | 16.21708 |

[00206] As discussed previously, a curve corresponding to Equation 10 is fitted to the three
points corresponding to the temperatures Ty,, T, and 7;, where 7; is measured by the
temperature measuring system 3450 at the time #; when the test sensor 3300 is first received by
the meter 3400. In a more general approach, however, the temperature measuring system 3450
may obtain a temperature 7, at a time ¢, that may not necessarily be equal to the time #;,. For
example, it may be easier and more practical to configure a system to measure a temperature 7>
at any time ¢, than to measure a temperature 7 at the specific time ¢;.

[00207] As shown further in APPENDIX B, the following equation may be derived from
Equation 10:

T =T + Ag” (Equation 15),
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where 4 =[R(T,-T, )] -e”'", g=T,-T +(T,-T)e"™, r=T,/T,, and
R=p"D /(1—r) . Using the known values for the known temperatures T, T, and 7>, a value

for T can be determined numerically in a technique similar to the iteration shown in FIG. 35. In

this case, however, the following equation is employed:

' vt Ty 4
d4 = (rg ¢ : A 1) (Equation 16).
dT, g’

s

Accordingly, determining the temperature of the test sensor 3300 can be obtained more generally
from temperatures Ty, T, as well as a temperature 7, measured at any time .

[00208] Typically, the thermal time constant for a plastic test sensor 3300 to reach equilibrium
with the ambient during air cooling may be on the order of 40 seconds. Correspondingly, after
the test sensor 3300 is inserted into the test-sensor opening 3410, the temperature of the reagent
3315, for example at a fluid-receiving area 3310 disposed at the end of the test sensor 3300, may
remain substantially equal to the test sensor temperature 7 for a relatively long period of time.
For example, if the ambient temperature is 2°C higher than the test sensor temperature 7y, it may
take 40 seconds for the test sensor temperature 7 to approach equilibrium with the ambient. It
may take approximately 5 seconds to measure the reaction between the reagent and a sample and
determine an analyte concentration once the test sensor 100 is inserted into the test-sensor
opening 3410. During at least this first 5 seconds, the temperature of the reagent 3315 remains
approximately equal to the test sensor temperature 7;. Moreover, the thermal time constant for
heat to be transferred from the core of the test sensor 3300 to its surface may be approximately
0.4 seconds, which is short compared to the time to measure the reagent reaction. Therefore, the
temperature of the sample collected at the fluid-receiving area 3310 should rapidly approach
equilibrium with the test sensor temperature 7§ even if the sample initially retains some residual
body heat, for example. This may be especially true as the sample volume is normally small
compared to the volume of the test sensor 3300, e.g., at a ratio of 1 to 100.

[00209] Accordingly, the test sensor temperature 7y may provide a very good approximation
of the temperature for the temperature for the reaction between the reagent 3315 and the sample.
To ensure the validity of this approximation, a thermal buffer 3316 surrounding the fluid-
receiving area 3310 may be employed to promote the transfer of heat between the fluid-receiving

arca 3310 and the core of the test sensor 3300. A large core thermal mass may be disposed



WO 2010/040090 PCT/US2009/059430

- 68 -

proximate to the fluid-receiving area 3310 and sandwiched with the fluid-receiving area 3310 by
highly insulating material. An insulating window 3317 may be employed to cover the fluid-
receiving area 3310 and minimize any heat transfer between the fluid-receiving area 3310 and
the air which may have different temperature. In combination with an appropriate thermal
profile design for the test sensor 3300, the methods described herein provide a very good
approximation of the temperature of the reagent 3315 at the time of reaction with the analyte.
Advantageously, aspects of the present invention allow a user to use the test sensor 3300 and the
meter 3400 right after the user has entered a new environment with a different ambient
temperature, while conventional systems require users to wait, ¢.g., 15 minutes, for the test
sensor 3300 and the meter 3400 to reach equilibrium with a new ambient temperature before an
accurate measurement can be obtained.

[00210] Although the approaches for rapid temperature measurement are described herein
with regard to a system including a test sensor 3300 and a meter 3400, the approaches may be
employed in other systems that must account for temperature differences. For example, instead
of using a test sensor body in particular, an embodiment may use a more general small mass
temperature probe. To determine the temperature of the ambient, for example, such a
temperature probe may be exposed to the ambient and then read by a device according to the
approaches described herein.

[00211] Moreover, although the temperature changes in the embodiments described herein
were modeled according to Equation 10 above, other embodiments may employ other models to
account for heat transfer with a test sensor, or temperature probe. The particular models
employed depend on the sources of heat transfer that may change the temperature of the area of
the test sensor, or temperature probe, being measured.

[00212] FIG. 36 illustrates another embodiment, similar to FIG. 31, for determining a
temperature rise value for a blood glucose meter module (e.g., a fluid analyte meter) in a low
power consumption mode (e.g., low state). At step 3610, the meter module turns on to perform
the temperature rise determination. In one exemplary embodiment, the meter module may turn
on or wake up every minute to perform the temperature rise determination. Other time intervals
are also contemplated such that that the needs of the meter are met to accurately predict ambient
temperature for the fluid analyte concentration determination. At step 3615, the meter module

performs an EEPROM checksum determination. If there is an error, the algorithm proceeds to
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step 3620 and reports an error. If the EEPROM checksum is okay, the algorithm proceeds to
step 3625 and the meter module requests power data from a portable device (e.g., a PDA or other
advance portable electronic device). At step 3630, the meter checks if data was received before a
timeout. If portable device does not respond, an error may be reported at step 3635 and the
meter module may assume it is in a standby mode with no temperature rise. If the portable
device does respond, the meter module determines power from the battery current and voltage
data received from the PDA in step 3625.

[00213] At step 3640, the process begins to differ from the process illustrated in FIG. 31.
Instead of having a separate accommodation for charge and discharge, the system power, Pgys, 18
calculated as follows in Equation 17 and as shown in step 3640:

Psys = Pcurc — PatT (Equation 17)

where Pgys = power associated with running the meter including, for
example, the processor, the display, audio, fluid analyte
measurements, etc.
Pcure = the product of the current and voltage measurements
associated with the charging integrated circuit
Pgarr =  the product of the current measurements associated with the
charging integrated and the voltage measurements
associated with the battery; the value may be measured by a
fuel gauge and is positive when charging and negative
when discharging.
[00214] At step 3645, the target temperature rise is estimated based on the calculated value of
system power. As generally illustrated, for example, in FIG. 29, the slope for the linear
approximations for the system power can be made. The variables mrarcer and brarcer represent
the slope and x-axis intercept for the slope of the target temperature rise approximation.
[00215] At step 3150, the difference is determined between the target temperature rise
calculated in step 3645 and the actual temperature rise in the meter module from an immediately
prior measurement time period. Then at step 3655, a predicted temperature shift in the meter
module is determined using the slope and y-axis intercept of a linear approximation determined

according to the procedures discussed for FIG. 30. The predicted temperature shift is also based
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on the difference between the target temperature rise and the expected temperature rise in the
meter module, determined in step 3650.

[00216] At step 3660, the temperature rise value is then reset for the present time interval to
equal the previous value of temperature rise plus the predicted temperature shift determined in
step 3655. It is contemplated that in certain embodiments, that temperature rise (e.g., Trisg’) 18
updated at a predetermined time interval (e.g., approximately every minute or otherwise) by the
calculated amount of temperature shift. The temperature rise value can be stored in a memory
associated with the meter module. Next, at step 3665, the meter module can then go into a
standby mode until prompted to again perform the steps outlined in FIG. 36 at the next
predetermined time interval. The predetermined time interval can vary as necessary to meet the
parameters for accurately predicting ambient temperature while balancing the need to reasonably
conserve battery power.

[00217] It is contemplated that in certain embodiments, a host device (e.g., a PC, portable
device, non-portable device) can enter into a low power or sleep mode that is not off. During
this period, it is desirable for the meter module to not wake up and request power information,
which otherwise would bring the host out of a low power or sleep state. During the low power or
sleep state, certain embodiments described elsewhere herein can perform updates based on
assumed system power values (e.g., zero, approximately zero) for the sleep state or low power
state. The updates can be performed similar to steps 3140-3160 or 3640-3660 of FIGS. 31 and
36. It can be assumed that a zero power or low power value will generally lead to an internal
cooling of the meter or meter module. An estimate of cooling can be made where the meter
module wakes up, knows the host device is sleeping, and thus, does not communicate with a
sleeping host device. An estimate of cooling can also be made where the meter module remains
asleep during the time period the host device is asleep. Then upon the host device waking up, a
determination is made of the number of time intervals that are missed (e.g., asleep for ten
minutes yields ten calculations if the time interval is one minute) and running through iterations
of steps 3640-3660 of FIG. 36 for cach missed time intervals or by using equation 18 which
consolidates steps 3640, 3645, 3650, 3655, and 3660 from FIG. 36 into a single calculation

rather than as an iterative or recursive operation:

Trise' = Trise * (1 - msarr)” + (Psys * mrarcer * msprer) +
(brarcer * msHFT) + bsmrrt (Equation 18)
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where n = the number of time intervals that were missed

[00218] Reference is made throughout this disclosure to specific values of time, temperature,
and correction factors (see, e.g., FIGS. 7-9, 11-15, 21-23b, and 27-30). These values or factors
are exemplary only and are intended to illustrate broader concepts for predicting ambient
temperature in a fluid analyte meter. It would be understood by one of ordinary skill in the art
that different values or factors could be determined using the examples disclosed herein for
different types of fluid analyte meters. It would further be understood that the specific values
and factors disclosed herein relate only to the described non-limiting exemplary embodiments.

[00219] ALTERNATE EMBODIMENT A

[00220] It is contemplated that according to certain embodiments, a meter module or a meter
that may be a portable or non-portable device is configured to determine an analyte concentration
of a fluid sample. The device can comprise a housing, a temperature sensor disposed within the
housing, and a processor configured to receive temperature data obtained from the temperature
sensor upon the meter entering at least one of a battery charge state or a battery discharge state.
The processor is further configured to predict at least one temperature value that approximates
the ambient temperature outside of the housing. The at least one predicted temperature value is
based on stored historical temperature data associated with a temperature sensor such that the
predicted temperature value remains constant if a recently received temperature value remains
within predetermined upper and lower temperature thresholds and the recently received
temperature value exceeds the at least one predicted temperature value.

[00221] According to certain embodiments, the above processor can further receive
temperature data obtained from the temperature sensor at a predetermined periodic intervals.
[00222] According to certain embodiments, the above upper threshold is based on a previous
predicted temperature value plus a predetermined value.

[00223] According to certain embodiments, the above lower threshold is based on a previous
predicted temperature value minus a predetermined value.

[00224] According to certain embodiments, the above meter or meter module further
comprises a sample port disposed within the housing. The device can enter the discharge state

upon a sample strip being inserted into the sample port.
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[00225] According to certain embodiments, the above the predicted temperature value is reset
to a recently received temperature value if the recently received temperature value is outside a
predetermined upper and lower temperature threshold values.

[00226] According to certain embodiments, the above analyte concentration of the fluid
sample is determined based on the predicted temperature value.

[00227] According to certain embodiments, the above meter or meter module can further
comprises a display disposed on the housing. The display is operable to display the analyte
concentration of a fluid sample.

[00228] According to certain embodiments, the above meter or meter module further
comprises a battery compartment disposed within the housing. The battery compartment is
configured to store a rechargeable battery that provides power to the meter or module.

[00229] According to certain embodiments, an offset value is applied to the above at least one
predicted temperature value prior to determining the analyte concentration of the fluid sample.

[00230] ALTERNATE EMBODIMENT B

[00231] It is contemplated that according to certain embodiments, a meter module or a meter
that may be a portable or non-portable device is configured to determine an analyte concentration
of a fluid sample. The meter or module includes a housing having a display thereon. The
display is operable to display the analyte concentration of the fluid sample. A data transfer
interface is configured to transmit data out of the meter or module. A first temperature sensor
and a second temperature sensor are disposed within the housing. A processor is configured to
receive temperature data obtained from the first temperature sensor and the second temperature
sensor upon the meter or module commencing a transfer of data through the data transfer
interface. The processor is further configured to predict at least one temperature value that
approximates the ambient temperature outside of the housing. The at least one predicted
temperature value is based on stored historical temperature data associated with the first
temperature sensor and the second temperature sensor such that the at least one predicted
temperature value is based on a determination of the temperature rise differences between the
first temperature sensor and the second temperature sensor.

[00232] According to certain embodiments, the above predicted temperature is determined

after the completion of the transmission of data through the data transfer interface.
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[00233] According to certain embodiments, the above temperature value from the first
temperature sensor that is associated with the predicted temperature is based on an average of a
predetermined number of prior temperature values from the first temperature sensor.

[00234] According to certain embodiments, the above second temperature sensor is disposed
near a sample port of the meter or module.

[00235] According to certain embodiments, the above data transfer interface is a USB
connector.

[00236] According to certain embodiments, the above meter further comprises a battery
compartment disposed within the housing. The battery compartment is configured to store a
rechargeable battery that provides power to the meter or module.

[00237] According to certain embodiments, the above battery is recharged during the transfer
of data through the data transfer interface.

[00238] ALTERNATE EMBODIMENT C

[00239] It is contemplated that according to certain embodiments, a meter module or a meter
that may be a portable or non-portable device is configured to determine an analyte concentration
of a fluid sample. The meter or module includes a housing having a display thereon. The
display is operable to display the analyte concentration of the fluid sample. A temperature
sensor is disposed within the housing. A processor is configured to receive temperature data
obtained from the temperature sensor during a charge state of the meter or module. The
processor is further configured to predict the ambient temperature external to the housing based
on the received temperature data and an estimate of heating of the meter due to heat generated
during the charge state of the meter or module. The estimate of heating is associated with a
charge current.

[00240] According to certain embodiments, the above estimate of heating further includes
determining an estimate heat dissipation of the meter or module.

[00241] According to certain embodiments, the above estimate of heat dissipation is based on
an initial temperature value received at the commencement of charging or an end temperature
value received at the end of charging.

[00242] According to certain embodiments, the above temperature sensor is disposed near a

sample port located on the housing.
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[00243] According to certain embodiments, the above meter further comprises a battery
compartment disposed within the housing. The battery compartment is configured to store a
rechargeable battery that provides power to the meter or module.

[00244] ALTERNATE EMBODIMENT D

[00245] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module includes a housing, a temperature sensor disposed within the housing, and a processor
configured to receive temperature data obtained from the temperature sensor upon the meter or
meter module entering at least one of a battery charge state or a battery discharge state. The
processor is further configured to predict at least one temperature value that approximates the
ambient temperature outside of the housing. The at least one predicted temperature value can be
based on one or more or two or more of a first period of time associated with the meter or meter
module being connected to an external charge source, a second period of time immediately after
the meter or meter module is disconnected from the external charge source, a third period of time
based on variable activity states associated with components within the meter or meter module;
or any combination thereof.

[00246] According to certain embodiments, the above variable activity states include mass
storage activity associated with the meter or meter module.

[00247] According to certain embodiments, the above variable activity states include an
output interface associated with the meter or meter module.

[00248] According to certain embodiments, the above variable activity states include a display
component associated with the meter or meter module.

[00249] According to certain embodiments, the above external charge source is directly
connected to the meter or meter module.

[00250] According to certain embodiments, a cable connects the above external charge source
to the meter or meter module.

[00251] ALTERNATE EMBODIMENT E

[00252] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module can include a printed circuit board having a temperature sensor disposed thereon, and a

processor disposed within the printed circuit board. The processor can be configured to receive



WO 2010/040090 PCT/US2009/059430

-75 -

temperature data obtained from the temperature sensor during a battery charge state and a
discharge state as determined by state data received by the processor. The processor can further
be configured to predict a temperature value that approximates an ambient temperature
surrounding the meter or meter module. The predicted temperature value can be determined at
least partially from the received temperature data and a temperature correction value. The
temperature correction value is based on a first period of time associated with the meter or meter
module being in the charge state. The first period of time can have a predetermined upper time
threshold such that if the first period of time exceeds the predetermined upper time threshold the
temperature correction value is based on the predetermined upper time threshold and if the first
period of time is less than the predetermined upper time threshold the temperature correction
value is based on the first period of time.

[00253] According to certain embodiments, the above temperature correction value is further
based on a second period of time associated with the meter being in a discharge state.

[00254] According to certain embodiments, the above temperature correction value is
substantially proportional to at least one of the first period of time or the second period of time.
[00255] According to certain embodiments, the above temperature correction value is based
on a time tracking variable associated with a data transfer state of the meter or meter module.
[00256] According to certain embodiments, the above time tracking variable increases in
value if the data transfer state is in an active mode and the time tracking variable decreases in
value if the data transfer state is in an inactive mode.

[00257] According to certain embodiments, the above temperature correction value is
substantially proportional to a first time period immediately following the data transfer state
entering the active mode. The temperature correction value can further be substantially
proportional to a second time period immediately following the data transfer state entering the
inactive mode.

[00258] ALTERNATE EMBODIMENT F

[00259] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module can include a printed circuit board having a temperature sensor disposed thereon, and a
processor disposed within the printed circuit board. The processor can be configured to receive

temperature data obtained from the temperature sensor during a battery charge state and a
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discharge state as determined by state data received by the processor. The processor can further
be configured to predict a temperature value that approximates an ambient temperature
surrounding the meter or meter module. The predicted temperature value can be determined at
least partially from the received temperature data and a temperature correction value. The
temperature correction value can be based on a predetermined rate of temperature decrease for
the meter or meter module such that if the received temperature data decreases at a rate similar to
the predetermined rate of temperature decrease then the processor remains in a standard
operating mode and if the received temperature data decreases at a rate that exceeds the
predetermined rate of temperature decrease then the processor implements a suspect-value
routine.

[00260] According to certain embodiments, the above suspect-value routine is implemented
upon the received temperature data decreasing below a predetermined temperature-decrease
threshold.

[00261] According to certain embodiments, the above suspect—value routine is configured to
record a suspect-value event in a memory associated with the meter module, the suspect-value
event being associated with a time that the suspect-value event occurs.

[00262] ALTERNATE EMBODIMENT G

[00263] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module can include a printed circuit board having a temperature sensor disposed thereon, and a
processor disposed within the printed circuit board. The processor is configured to receive
temperature data obtained from the temperature sensor during a discharge state as determined by
state data received by the processor. The processor is further configured to receive a discharge
time associated with an instance at which the meter or meter module entered the discharge state.
The processor can further be configured to predict a temperature value that approximates an
ambient temperature surrounding the meter or meter module. The predicted temperature value is
determined at least partially from the received temperature data. The received temperature data
can include a first temperature value recorded at a first time and a second temperature value
recorded at a second time. The predicted temperature value is based on the second temperature
value if the difference between the first time and the second time exceeds a predetermined first

threshold and is further based on a temperature correction value applied to the second
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temperature value if the difference between the second time and the discharge time is below a
predetermined second threshold.

[00264] According to certain embodiments, the above predicted temperature value is the
second temperature value with the applied temperature correction value if the second
temperature value with the applied temperature correction value exceeds a third threshold value
based on the first temperature value plus a predetermined temperature value.

[00265] According to certain embodiments, the above predicted temperature value is the first
temperature value if the second temperature value with the applied temperature correction value
is below a third threshold value, the third threshold value based on the first temperature value
plus a predetermined temperature value.

[00266] According to certain embodiments, the above predicted temperature value is the
second temperature value with the applied temperature correction value if the second
temperature value with the applied temperature correction value is below the first temperature
value.

[00267] ALTERNATE EMBODIMENT H

[00268] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module can include a printed circuit board having a temperature sensor disposed thereon, and a
processor disposed within the printed circuit board. The processor can be configured to receive
temperature data obtained from the temperature sensor during a discharge state as determined by
state data received by the processor. The processor can be further configured to receive a
discharge time associated with an instance at which the meter module entered the discharge state.
The processor can be further configured to predict a temperature value that approximates an
ambient temperature surrounding the meter or meter module. The predicted temperature value
can be determined at least partially from the received temperature data. The received
temperature data can include a first temperature value recorded at the discharge time and a
second temperature value recorded at a second time after the first time. The processor can be
further configured to determine the difference between the first time and the second time, and if
the difference exceeds a predetermined threshold time, determine a rate of temperature decrease
from temperature data recorded at predetermined time intervals subsequent to the second time.

A first event subroutine is implemented by the processor if the rate of temperature decrease
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exceeds a predetermined rate threshold. The determination of the rate of temperature decrease is
continued if the determined rate of temperature decrease is below the predetermined rate
threshold such that the determination of the rate of temperature decrease continues until the
occurrence of a predetermined event.

[00269] According to certain embodiments, the above predetermined event is the lapse of a
predetermined period of time.

[00270] According to certain embodiments, the above predetermined event is the meter
module entering into one of a sleep mode or a standby mode.

[00271] ALTERNATE EMBODIMENT I

[00272] It is contemplated that according to certain embodiments, a meter or meter module
may be configured to determine an analyte concentration of a fluid sample. The meter or meter
module can include a printed circuit board having a temperature sensor disposed thercon and a
processor disposed within the printed circuit board. The processor can be configured to receive
temperature data from the temperature sensor during a battery charge state and a discharge state
as determined by state data received by the processor. The processor can be further configured
to predict a temperature value that approximates an ambient temperature surrounding the meter
module. The predicted temperature value is based on a temperature value received from the
temperature sensor, one or more predetermined target temperature rise values associated with
power consumption data received by the processor, and a first temperature rise value associated
with one of the predetermined target temperature rise values.

[00273] According to certain embodiments, the above processor is further configured to
determine a series of temperature rise values. The series of values includes at least the first
temperature rise value and a prior second temperature rise value. The first temperature rise value
is based on the prior second temperature rise value.

[00274] According to certain embodiments, the above predetermined target temperature rise
value is based on a fraction of a net power consumption as determined by the processor and a
predetermined constant.

[00275] According to certain embodiments, the above meter or meter module further includes
an interface configured to transmit data from the meter or meter module.

[00276] According to certain embodiments, the above meter or meter module further includes

an interface configured to receive power data from an interfaced device.
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[00277] According to certain embodiments, the above predicted temperature value is the
difference between the temperature value received from the temperature sensor and the first
temperature rise value.

[00278] According to certain embodiments, the above predicted temperature value is
associated with a fluid analyte concentration determination.

[00279] According to certain embodiments, the above the power data is received through the
interface at predetermined time intervals.

[00280] According to certain embodiments, the above temperature sensor is disposed within
the printed circuit board.

[00281] According to certain embodiments, the above meter or meter module further includes
a second temperature sensor. The processor is configured to receive temperature data from the
second temperature sensor. The processor is further configured to predict a second temperature
value approximating ambient temperature outside of the housing. The second predicted
temperature value is based on a temperature value received from the second temperature sensor,
one or more predetermined target temperature rise values associated with the received power
consumption data and associated with the second temperature sensor, and a second temperature
rise value associated with one of the predetermined target temperature rise values.

[00282] ALTERNATE EMBODIMENT J

It is contemplated that according to certain embodiments, a meter or meter module may be
configured to determine an analyte concentration of a fluid sample. The meter or meter module
includes a printed circuit board having an interface for receiving information including
temperature data associated with a temperature sensor and a processor disposed within the
printed circuit board. The processor is configured to receive the temperature data during a
battery charge state and a discharge state as determined by state data received by the processor.
The processor is further configured to predict a temperature value that approximates an ambient
temperature surrounding the meter module. The predicted temperature value is based on a
temperature value associated with the received temperature data, one or more predetermined
target temperature rise values associated with power consumption data received by the processor,
and a first temperature rise value associated with one of the predetermined target temperature

rise values.
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[00283] ALTERNATE EMBODIMENT K

[00284] It is contemplated that according to certain embodiments, a portable or non-portable
device may be configured to determine an analyte concentration of a fluid sample. The module
includes a housing, a temperature sensor disposed on or within the housing, and a processor
configured to receive temperature data from the temperature sensor during a battery charge state
and a discharge state associated with the device. The processor is further configured to predict a
temperature value that approximates the ambient temperature outside of the housing. The
predicted temperature value is based on a temperature value received from the temperature
sensor, on¢ or more predetermined target temperature rise values associated with power
consumption data received by the processor, and a first temperature rise value associated with
one of the predetermined target temperature rise values.

[00285] According to certain embodiments, the above temperature sensor is disposed within
the interior of the housing.

[00286] According to certain embodiments, the above temperature sensor is embedded in the
housing.

[00287] According to certain embodiments, the above device further includes a user interface
disposed on the housing. The user interface is operable to display the determined fluid analyte
concentration.

[00288] ALTERNATIVE EMBODIMENT L

[00289] It is contemplated that according to some embodiments, a system for determining an
analyte concentration in a fluid sample includes a test sensor including a fluid-receiving area for
receiving a fluid sample. The fluid-receiving area contains a reagent that produces a measurable
reaction with an analyte in the sample. The test sensor has a test-sensor reaction temperature
corresponding to the reaction between the reagent and the analyte. The system also includes a
meter including: an opening configured to receive the test sensor; a measurement system
configured to determine a measurement of the reaction between the reagent and the analyte; and
a temperature-measuring system configured to determine the test-sensor reaction temperature by
taking a plurality of temperature measurements after the test sensor is received into the opening
and fitting the plurality of temperature measurements to a model that accounts for heat transfer

between the meter and the test sensor. In the system, the meter determines a concentration of the
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analyte in the sample using the measurement of the reaction and the measurement of the test-
sensor reaction temperature.

[00290] ALTERNATIVE EMBODIMENT M

[00291] It is contemplated that according to some embodiments, a method for determining an
analyte concentration in a sample of body fluid includes placing a test sensor into an opening of
a meter. The test sensor includes a fluid-receiving area for receiving a sample of body fluid.
The fluid-receiving area contains a reagent that produces a measurable reaction with an analyte
in the sample. The test sensor has a test-sensor temperature and the reagent has a reagent
temperature.  The method also includes determining a measurement of the test-sensor
temperature when the test sensor is received into the opening by taking a plurality of temperature
measurements after the test-sensor is placed into the opening and fitting the plurality of
temperature measurements to a model that accounts for heat transfer between the meter and the
test sensor. The method further includes determining a concentration of the analyte in the
sample according to the measurement of the reaction and the measurement of the test-sensor
reaction temperature.

[00292] According to certain embodiments, the above method can be completed without, or
by alternate methods in addition to, the model. For example, in certain situations, the actual
temperature measured at or near the time of an analyte concentration reaction may be used. If
necessary, correction factors can then be applied to the measured temperature.

[00293] It is contemplated that any of the systems, modules, or devices from the above-recited
embodiments A-M may be combined and such combinations are contemplated to fall within the
scope of the present disclosure. It is further contemplated that a fluid analyte meter, system, or
module can include one, two, three, or more temperature sensors with all or some of the
temperature sensors located at or near port(s) or sample port(s) of the apparatus. For example, a
meter, system, or module can be configured to accept one or more samples or strips in one or
more port(s). An apparatus can have one, two, three, or more ports. Each port can have one or
more associated temperature sensors located at or near the port. It would be understood by one
of ordinary skill in field of the present disclosure that the ambient temperature prediction
methods and systems disclosed herein can be used with multi-port and/or multi-temperature

sensor configurations (e.g., one, two, three, or more).
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[00294] While the invention has been described with reference to details of the illustrated
embodiments, these details are not intended to limit the scope of the invention as defined in the
appended claims. For example, the rapid charge system for the blood glucose battery may be
used in other heat-sensitive applications. The disclosed embodiments and obvious variations

thereof are contemplated as falling within the spirit and scope of the claimed invention.

APPENDIX A

The cooling represented by part 1 of the graph shown in FIG. 34 may be modeled
according to the following equation:
T(t)=(T, -T)e "' +T, (A1),
where T = time constant for part I, 75, = meter temperature; 7y = general test sensor temperature;

and 7, = T(t;), temperature measured at time ¢;.

The heating represented by part Il of the graph may be modeled according to the
following equation:
T(t)=(T, ~T)1-e") (A2),
where T = time constant for part II.
The overall temperature curve in FIG. 34 may be modeled according to the following
equation:
T() =T, +(T,-T,)e """ (T, - T,)e """ (A3).

The following temperature measurements are obtained:

T(0)=T, (A4).
Te) =T, (A9S).
rae,)="T,, (A6),
where T, = minimum temperature value measured at time #,.
Accordingly,
dr

==, =0 A7).
e (A7)
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T T

Applying T(t,) = Tsn to equation (A3):

T(t,)=T,+(T, T, )e "'

T, +(T,~T,)- {(Tm L L

-T T, o C}(T’”_Ts)

Settingx =T,y —Ts y =T, —Tgz=Tn—

z+y-{(ﬂ>“} {( )”}z
Y

x Xr

Ay Za

1
Xr —
GO
¥ y ¥ ¥

»

1 1
(i)lr ‘I,.l—r _(i)lr ‘I,.l—r — _i
x L
(S
Y

(f)ﬁ
Y

N PP i reli
T-T T,

~(T, -T)e """ =T
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(A8).

(A9).

(A10).

N } (A11).

(A12).

sm

(A13).

-7, Ty,

{(Tm L Ty TC}TW

Tom; and r= T/ Ty:

(A14).

(A15).

(A16).

(A17).

(A18).

(A19).
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Ely g1y RT, -T,) (A20)

7—,1_TS 1 s/ m sm .

e =l vingry 1) =m[r (7, - T,)] (A21).
I-r T,-T,

m(_?n ‘TTS)+(1—r)-1n(T1 ~T)=(1-r)W[R(T,-T,)] (A22).

1 4

Setting B=(1—r)-n[R-(T, —T,)]:

T -T
In(z2—2) =B~ (1-r)- (T, - T,) (A23).
I -1,
I, —T B -1
n——~=e" - (I,-T,) A22).
Ti-TS (1 s) ( )
T, -T =¢® (T,-T.) (A23).

Ase’ =[R- (T, -T )] =R"-(T,-T,)":
r,-T,=R""(T,-T,)"7"-(I,-T,) (A24).
(r,-T,)+(T, -T.)=R"" (T, -T, )" (T,-T.,) (A25).

(T, -T)=R"(T,-T,)" ([, -T) -(T,-T,) (A26).

T, T (T, —Tsm)-{R” Sy —1} (A27)

Using equation (A27), T, —T, may be plotted as a function of 7, =7, (or T, -7, for
varying 77).
Setting 4 =e” in equation (A23):
T =T +AT, -T,) (A28).
Setting g = (7, = T,),
T =T +Ag’ (A29)
Equation (A28) can be solved numerically to find 7;. From equation (A28):
0=dT, +dA(T, ~T,)" — AT, ~T,)"dT, (A29).

lar(r, -1y —1lar, = a4, -1,y (A30).
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Ar(T, -T,) " -1
dd _|arr -1y 1] a3,
dT, (N -T1,)
or,
r=1
dd _|arg™" 1] A,
dT, g’
Setting AT, =T,,, —T,, and Ad=4,,, — A, , where n and n + I denote successive
iterations:
AT, ~ A4 a4 (A33).
dT,
For a given A4, the next AT is given by:
dA
s AA/ AT | @ BT ) (A39).
Thus,
Ts\n+2 = T's\nJrl - ATS (A35)
APPENDIX B
The overall temperature curve in FIG. 34 may be modeled according to the following
equation:
T(t)=T,+(T,-T)e """ (T, -T)e """ (B1).
The following temperature measurements are obtained:
T(t,) =T, (B3).
T, =T, (B4),

where T, = minimum temperature value measured at time #,.
Thus,
T, =T, +(T, ~T,)e ' (T, ~T,)e ' (BS).
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T,-T,=(T,-T)e """ —(T, —T)e '™ (B6).
(T, -T)e ™" =T, T, +(T, —T,)e '™ (B7).
T,—T, =T, =T, +(T, -T)e ' | &' (BY).
T =T, +|T, T, +(T, —T)e ' |- &' (BS).
As derived in APPENDIX A:
T, =T + AT ~T,) (B9),

»

o

where 4 =¢®, B=(1-r)-[R-(T, -T,)], r = Tc/Ty, and R:l

—-r

Combining equations (B8) and (B9):
T, =T +A4-{1, T, + (T, ~T)e ™ |-e"" | (BI0).
T, =T, +A4-¢"% [, -T, +(T, -T)e ™™ | (BI).

Setting A = A-e”'and ¢ =T, -T +(T. =T )e '™
g g 2 m m s

T, =T +4g" (B12).

From equation (B12),

0=dl, +g"dd —A -r-[T, T, +(T, ~T)e ™™ | " e ar, (B13).
0=dT +g"dAd —rg"'e '™ 4'dT, (B14).
(1-rg"'e ™™ AYdT, = -g"dA (B15).
dT g dd (B16).

s (rg'rfleftz/THA' _1)

4’ (rg'r’leftz/T”A' —l)
dT. g’

s

(B17).
Equation (B17) can be used to solve equation (B12) numerically to find 7.
Setting g = (7; —T,) in equation (B9):

T =T +Ag’ (B18),

As expected, when ¢, = t; = 0, i.c., the time when the test sensor is first received by the

meter, and 7>, =T},
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A =4-e"" =4.""" = 4 (B19).
g =T-T, +(T,-T)e "™ =T, -T, +(T,-T,)e""" =T,-T, =g  (B20).
dT g dd __g8'dd (B21).

s (rg'rflefo/TH A' _1) - rgrflA _1
Equation (B20) corresponds with the results shown in APPENDIX A, e.g, equation (A31). Thus,

the temperature 7> at time ¢, may represent the measured temperature at any time, including

t;=0.
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CLAIMS:

What is claimed is:

1. A meter configured to determine an analyte concentration of a fluid sample, the
meter comprising:

a housing;

a temperature sensor disposed within the housing;

a processor configured to receive temperature data obtained from the temperature
sensor upon the meter entering at least one of a charge state or a discharge state, the
processor being further configured to predict at least one temperature value that
approximates the ambient temperature outside of the housing, the at least one predicted
temperature value based on stored historical temperature data associated with the
temperature sensor such that the predicted temperature value remains constant if a
recently received temperature value remains within predetermined upper and lower
temperature thresholds and the recently received temperature value exceeds the at least
one predicted temperature value.

2. The meter of claim 1, wherein the processor receives temperature data obtained
from the temperature sensor at a predetermined periodic intervals.

3. The meter of claim 1, wherein the upper threshold is based on a previous
predicted temperature value plus a predetermined value.

4. The meter of claim 1, wherein the lower threshold is based on a previous
predicted temperature value minus a predetermined value.

5. The meter of claim 1, wherein the housing forms a sample port therein, and
wherein the meter enters the discharge state upon a strip being inserted into the sample port.

6. The meter of claim 1, wherein the predicted temperature value is reset to a
recently received temperature value if the recently received temperature value is outside
predetermined upper and lower temperature threshold values.

7. The meter of claim 1, wherein the analyte concentration of the fluid sample is
determined based on the predicted temperature value.

8. The meter of claim 1, further comprising a display disposed on the housing, the

display operable to display the analyte concentration of a fluid sample.
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9. The meter of claim 1, further comprising a battery compartment disposed within
the housing, the battery compartment configured to store a rechargeable battery that provides
power to the meter.

10.  The meter of claim 1, wherein an offset value is applied to the at least one
predicted temperature value prior to determining the analyte concentration of the fluid sample.

11. A meter configured to determine an analyte concentration of a fluid sample, the

meter comprising:

a housing having a display thereon, the display operable to display the analyte
concentration of the fluid sample;

a temperature sensor disposed within the housing;

a processor configured to receive temperature data obtained from the temperature
sensor during a charge state of the meter, the processor being further configured to
predict the ambient temperature external to the housing based on the received
temperature data and an estimate of heating of the meter due to heat generated during the
charge state of the meter, the estimate of heating associated with a charge current.

12.  The meter of claim 11, wherein the estimate of heating further includes
determining an estimate heat dissipation of the meter.

13.  The meter of claim 12, wherein the estimate of heat dissipation is based on an
initial temperature value received at the commencement of charging.

14.  The meter of claim 12, where the estimate of heat dissipation is based on an end
temperature value received at the end of charging.

15. The meter of claim 11, wherein the temperature sensor is disposed near a sample
port located on the housing.

16.  The meter of claim 11, further comprising a battery compartment disposed within
the housing, the battery compartment configured to store a rechargeable battery that provides
power to the meter.

17. A meter configured to determine an analyte concentration of a fluid sample, the

meter comprising:

a housing;

a temperature sensor disposed within the housing;
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a processor configured to receive temperature data obtained from the temperature
sensor upon the meter entering at least one of a charge state or a discharge state, the
processor further configured to predict at least one temperature value that approximates
the ambient temperature outside of the housing, the at least one predicted temperature
value based on two or more of the following:

a first period of time associated with the meter being connected to
an external charge source;
a second period of time immediately after the meter is disconnected
from the external charge source;
a third period of time based on variable activity states associated
with components within the meter; or
any combination thereof.
18. The meter of claim 17, wherein the variable activity states include mass storage
activity associated with the meter.
19. The meter of claim 17, wherein the variable activity states include an output
interface associated with the meter.
20.  The meter of claim 17, wherein the variable activity states include a display

component associated with the meter.

21.  The meter of claim 17, wherein the external charge source is directly connected to
the meter.

22. The meter of claim 17, wherein a cable connects the external charge source to the
meter.

23. A meter module configured to determine an analyte concentration of a fluid

sample, the meter module comprising:
a printed circuit board having a temperature sensor disposed thereon; and
a processor disposed within the printed circuit board, the processor configured to
receive temperature data obtained from the temperature sensor during a charge state and a
discharge state as determined by state data received by the processor, the processor
further configured to predict a temperature value that approximates an ambient
temperature surrounding the meter module, the predicted temperature value determined at

least partially from the received temperature data and a temperature correction value,
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wherein the temperature correction value is based on a first period of time
associated with the meter being in the charge state, the first period of time having a
predetermined upper time threshold such that if the first period of time exceeds the
predetermined upper time threshold the temperature correction value is based on the
predetermined upper time threshold and if the first period of time is less than the
predetermined upper time threshold the temperature correction value is based on the first
period of time.
24. The meter module of claim 23, wherein the temperature correction value is further

based on a second period of time associated with the meter being in a discharge state.

25. The meter module of claim 24, wherein the temperature correction value is
substantially proportional to at least one of the first period of time or the second period of time.

26.  The meter module of claim 23, wherein the temperature correction value is further
based on a time tracking variable associated with a data transfer state of the meter.

27.  The meter module of claim 26, wherein the time tracking variable increases in
value if the data transfer state is in an active mode and the time tracking variable decreases in
value if the data transfer state is in an inactive mode.

28.  The meter module of claim 26 wherein the temperature correction value is
substantially proportional to a first time period immediately following the data transfer state
entering the active mode, the temperature correction value further being substantially
proportional to a second time period immediately following the data transfer state entering the
inactive mode.

29. A meter module configured to determine an analyte concentration of a fluid
sample, the meter module comprising:

a printed circuit board having a temperature sensor disposed thereon; and
a processor disposed within the printed circuit board, the processor configured to

receive temperature data obtained from the temperature sensor during a charge state and a

discharge state as determined by state data received by the processor, the processor

further configured to predict a temperature value that approximates an ambient
temperature surrounding the meter module, the predicted temperature value determined at

least partially from the received temperature data and a temperature correction value,
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wherein the temperature correction value is based on a predetermined rate of
temperature decrease for the meter module such that if the received temperature data
decreases at a rate similar to the predetermined rate of temperature decrease then the
processor remains in a standard operating mode and if the received temperature data
decreases at a rate that exceeds the predetermined rate of temperature decrease then the
processor implements a suspect-value routine.

30.  The meter module of claim 29, wherein the suspect-value routine is implemented
upon the received temperature data decreasing below a predetermined temperature-decrease
threshold.

31.  The meter module of claim 29, wherein the suspect—value routine is configured to
record a suspect-value event in a memory associated with the meter module, the suspect-value
event being associated with a time that the suspect-value event occurs.

32. A meter module configured to determine an analyte concentration of a fluid

sample, the meter module comprising:

a printed circuit board having a temperature sensor disposed thereon; and

a processor disposed within the printed circuit board, the processor configured to
receive temperature data obtained from the temperature sensor during a discharge state as
determined by state data received by the processor, the processor further configured to
receive a discharge time associated with an instance at which the meter module entered
the discharge state, the processor further configured to predict a temperature value that
approximates an ambient temperature surrounding the meter module, the predicted
temperature value determined at least partially from the received temperature data, the
received temperature data including a first temperature value recorded at a first time and

a second temperature value recorded at a second time,

wherein the predicted temperature value is based on the second temperature value
if the difference between the first time and the second time exceeds a predetermined first
threshold and is further based on a temperature correction value applied to the second
temperature value if the difference between the second time and the discharge time is
below a predetermined second threshold.

33.  The meter module of claim 32, wherein the predicted temperature value is the

second temperature value with the applied temperature correction value if the second
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temperature value with the applied temperature correction value exceeds a third threshold value
based on the first temperature value plus a predetermined temperature value.

34.  The meter module of claim 32, wherein the predicted temperature value is the first
temperature value if the second temperature value with the applied temperature correction value
is below a third threshold value, the third threshold value based on the first temperature value
plus a predetermined temperature value.

35.  The meter module of claim 32, wherein the predicted temperature value is the
second temperature value with the applied temperature correction value if the second
temperature value with the applied temperature correction value is below the first temperature
value.

36. A meter module configured to determine an analyte concentration of a fluid

sample, the meter module comprising:
a printed circuit board having a temperature sensor disposed thereon; and
a processor disposed within the printed circuit board, the processor configured to:
receive temperature data obtained from the temperature sensor during a
discharge state as determined by state data received by the
processor,
receive a discharge time associated with an instance at which the meter
module entered the discharge state,
predict a temperature value that approximates an ambient temperature
surrounding the meter module, the predicted temperature value
determined at least partially from the received temperature data,
the received temperature data including a first temperature value
recorded at the discharge time and a second temperature value
recorded at a second time after the first time,
determine the difference between the first time and the second time, and
if the difference exceeds a predetermined threshold time, determine a rate
of temperature decrease from temperature data recorded at
predetermined time intervals subsequent to the second time,
wherein a first event subroutine is implemented by the processor if the rate of

temperature decrease exceeds a predetermined rate threshold, and wherein the
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determination of the rate of temperature decrease is continued if the determined rate of

temperature decrease is below the predetermined rate threshold such that the

determination of the rate of temperature decrease continues until the occurrence of a

predetermined event.

37.  The meter module of claim 36, wherein the predetermined event is the lapse of a
predetermined period of time.

38.  The meter module of claim 36, wherein the predetermined event is the meter
module entering into one of a sleep mode or a standby mode.

39. A meter module configured to determine an analyte concentration of a fluid
sample, the meter module comprising:

a printed circuit board having a temperature sensor disposed thereon; and
a processor disposed within the printed circuit board, the processor configured to
receive temperature data from the temperature sensor during a charge state and a
discharge state as determined by state data received by the processor, the processor
further configured to predict a temperature value that approximates an the ambient
temperature surrounding the meter module, wherein the predicted temperature value is
based on:
a temperature value received from the temperature sensor;
one or more predetermined target temperature rise values associated with
power consumption data received by the processor; and
a first temperature rise value associated with one of the predetermined
target temperature rise values.

40.  The meter module of claim 39, wherein the processor is further configured to
determine a series of temperature rise values, the series of values including at least the first
temperature rise value and a prior second temperature rise value, the first temperature rise value
based on the prior second temperature rise value.

41.  The meter module of claim 39, wherein the predetermined target temperature rise
value is based on a fraction of a net power consumption as determined by the processor and a
predetermined constant.

42.  The meter module of claim 39, further including an interface configured to

transmit data from the meter module.
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43.  The meter module of claim 39, further including an interface configured to
receive power data from an interfaced device.
44.  The meter module of claim 39, wherein the predicted temperature value is the

difference between the temperature value received from the temperature sensor and the first
temperature rise value.

45.  The meter module of claim 39, wherein the predicted temperature value is
associated with a fluid analyte concentration determination.

46.  The meter module of claim 43, wherein the power data is received through the
interface at predetermined time intervals.

47.  The meter module of claim 39, wherein the temperature sensor is disposed within
the printed circuit board.

48.  The meter module of claim 39, further comprising a second temperature sensor,
the processor configured to receive temperature data from the second temperature sensor, the
processor further configured to predict a second temperature value approximating ambient
temperature outside of the housing, wherein the second predicted temperature value is based on:

a temperature value received from the second temperature sensor;

one or more predetermined target temperature rise values associated with the received

power consumption data and associated with the second temperature sensor; and

a second temperature rise value associated with one of the predetermined target

temperature rise values.

49. A meter module configured to determine an analyte concentration of a fluid

sample, the meter module comprising:
a printed circuit board having an interface for receiving information including
temperature data associated with a temperature sensor; and
a processor disposed within the printed circuit board, the processor configured to
receive the temperature data during a charge state and a discharge state as determined by

state data received by the processor, the processor further configured to predict a

temperature value that approximates an the ambient temperature surrounding the meter

module, wherein the predicted temperature value is based on:

a temperature value associated with the received temperature data;
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one or more predetermined target temperature rise values associated with
power consumption data received by the processor; and
a first temperature rise value associated with one of the predetermined
target temperature rise values.
50. A device configured to determine an analyte concentration of a fluid sample, the
device comprising:
a housing;
a temperature sensor disposed on or within the housing; and
a processor configured to receive temperature data from the temperature sensor
during a charge state and a discharge state associated with the device, the processor
further configured to predict a temperature value that approximates the ambient
temperature outside of the housing, wherein the predicted temperature value is based on:
a temperature value received from the temperature sensor;
one or more predetermined target temperature rise values associated with
power consumption data received by the processor; and
a first temperature rise value associated with one of the predetermined
target temperature rise values.
51.  The device of claim 50, wherein the temperature sensor is disposed within the

interior of the housing.

52.  The device of claim 50, wherein the temperature sensor is embedded in the
housing.
53.  The device of claim 50, further comprising a user interface disposed on the

housing, the user interface operable to display the determined fluid analyte concentration.
54. A system for determining an analyte concentration in a fluid sample, comprising:
a test sensor comprising a fluid-receiving area for receiving a fluid sample, the
fluid-receiving area containing a reagent that produces a measurable reaction with an
analyte in the sample, the test sensor having a test-sensor reaction temperature
corresponding to the reaction between the reagent and the analyte;
a meter comprising:

an opening configured to receive the test sensor;
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a measurement system configured to determine a measurement of the reaction
between the reagent and the analyte; and

a temperature-measuring system configured to determine the test-sensor reaction
temperature by taking a plurality of temperature measurements after the test sensor is
received into the opening and fitting the plurality of temperature measurements to a
model that accounts for heat transfer between the meter and the test sensor,

wherein the meter determines a concentration of the analyte in the sample using
the measurement of the reaction and the measurement of the test-sensor reaction
temperature.
55. A method for determining an analyte concentration in a sample of body fluid,

comprising the steps of:

placing a test sensor into an opening of a meter, the test sensor comprising a fluid-
receiving area for receiving a sample of body fluid, the fluid-receiving area containing a
reagent that produces a measurable reaction with an analyte in the sample, the test sensor
having a test-sensor temperature and the reagent having a reagent temperature;

determining a measurement of the test-sensor temperature when the test sensor is
received into the opening by taking a plurality of temperature measurements after the
test-sensor is placed into the opening and fitting the plurality of temperature
measurements to a model that accounts for heat transfer between the meter and the test
sensor; and

determining a concentration of the analyte in the sample according to the

measurement of the reaction and the measurement of the test-sensor reaction temperature.
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