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IMPROVED BIOSENSOR SYSTEM ANALYTE MEASUREMENT
CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application Serial No. 62/162,298, filed on May 15, 2015, which is herein incorporated by

reference in its entirety.

COPYRIGHT

[0002] A portion of the disclosure of this patent document contairlls material that is subject to

copyright protection. The copyright owner has no objection to the facsimile reproduction by

anyone of the patent document or the patent disclosure, as it appears in the Patent and

Trademark Office patent files or records, but otherwise reserves all copyright rights

whatsoever. The following notice applies to the software and data as described below and in
the drawings that form a part of this document: Copyright Bayer Healthcare 2015, All Rights

Reserved.

BACKGROUND

[0003] Biosensor systems provide an analysis of a biological fluid sample, such as blood,
serum, plasma, urine, saliva, interstitial, or intracellular fluid. Typically, the systems include
a measurement device (also referred to as a meter) that analyzes a sample residing in a test
sensor (also referred to as a test strip or a sensor strip). The sample usually is a biological
fluid, though may be a derivative, such as an extract, a dilution, a filtrate, or a reconstituted
precipitate (as used from here on in, the term “biological fluid” includes derivatives thereof).
The analysis performed by the biosensor system may determine the presence and/or
concentration of one or more analytes, such as alcohol, glucose, uric acid, lactate, cholesterol,
bilirubin, free fatty acids, triglycerides, proteins, ketones, phenylalanine or enzymes, in the
biological fluid, which may be useful in the diagnosis and/or treatment of certain conditions.
[0004] For example, a person with diabetes may use a biosensor system to determine the Alc
(glycated hemoglobin) or glucose level in blood for adjustments to diet and/or medication. In
blood samples that include hemoglobin (Hb), the presence and/or concentration of total
hemoglobin (THb) and Alc may be determined. Alc level (%-Alc) is a reflection of the state
of glucose control in a patient, providing insight into the average glucose control over the two
to three months preceding the test. For diabetic individuals, an accurate measurement of %o-

Alc provides a better indication of how well the individual is controlling blood glucose levels
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with diet and/or medication over a longer term than an instantaneous measure of blood
glucose level, which only indicates blood glucose control at the time the measurement is
made.

[0005] Biosensor systems may be designed to analyze one or more analytes and may use
different volumes of biological fluids. Some systems may analyze a single drop of blood,
such as in a range of 0.25-15 microliters (¢L) in volume. Biosensor systems may be
implemented using bench-top, portable, and other types of measurement devices. Portable
measurement devices may be hand-held and allow for the identification and/or quantification
of one or more analytes in a sample. Examples of portable measurement systems include the
Contour® meters of Bayer HealthCare (Whippany, New Jersey), while examples of bench-top
measurement systems include the Electrochemical Workstation available from CH
Instruments in Austin, Texas, and the bench-top model “YSI 2300 STAT Plus™ Glucose &
Lactate Analyzer,” and related models from the Yellow Springs Instrument Company, now
known as YSI Inc. (referred to herein as “YSI” reference values).

[0006] In many biosensor systems, the test sensor may be adapted for use outside, inside, or
partially inside a living organism. When used outside a living organism, a sample of the
biological fluid may be introduced into a sample reservoir in the test sensor, and the test
sensor may be placed in the measurement device before, after, or during the introduction of
the sample for analysis. When inside or partially inside a living organism, the test sensor may
be continually immersed in the sample, or the sample continuously flowed through the test
sensor, such as for continuous monitoring; or the sample may be intermittently introduced to
or flowed through the test sensor, such as for intermittent monitoring. The test sensor may
include a reservoir that partially isolates a volume of the sample or be open to the sample.
When open, the test sensor may take the form of a fiber or other structure placed in contact
with the biological fluid.

{0007] Biosensor systems typically provide one or more primary input signals (collectively
referred to as the primary input signal) to a sample of biological fluid, and measure one or
more primary output signals (collectively referred to as the primary output signal) generated
from the sample to determine the analyte concentration. The primary output signal is
generated as a result of an interaction between the primary input signal and the analyte, or
between the primary input signal and a species indicative of the analyte, and is typically
correlated with the analyte concentration. Biosensor systems may use optical and/or

electrochemical methods to analyze the biological fluid.



WO 2016/185352 PCT/IB2016/052800
3

[0008] In optical systems, the primary input signal is typically a light beam generated from a
light source, giving rise to a measurement of a sample’s transmittance or reflectance of the
light beam. In some optical systems, the analyte or species indicative of the analyte may
absorb or shift the wavelength of the incident light beam (primary input signal), so that the
resulting primary (light) output signal has reduced intensity or is wavelength-shifted with
respect to the primary input signal. In other optical systems, a chemical indicator may
fluoresce or emit light in response to the analyte when illuminated by a primary (light) input
signal). In either optical system, the measured primary (light) output signal) may be
converted into an electrical output signal, such as current or potential, and the system
measures the primary (light) output signal and correlates the primary output signal with the
analyte concentration of the sample.

[0009] In electrochemical systems, the analyte concentration of the sample is determined from
an electrical signal generated by a redox reaction of the analyte or of a measurable species
responsive to the analyte concentration when a primary (electrical) input signal is applied to
the sample. The primary input signal may be a potential or current and may be constant,
variable, or a combination thereof such as when an AC signal is applied with a DC signal
offset. The primary input signal may be applied as a single pulse or in multiple pulses,
sequences, or cycles. An enzyme or similar species may be added to the sample to enhance
the electron transfer from the analyte during the redox reaction. The enzyme or similar
species may react with a single analyte, thus providing specificity to a portion of the generated
output signal. A redox mediator may be used as the measurable species to maintain the
oxidation state of the enzyme and/or assist with electron transfer from the analyte to an
electrode. Thus, during the redox reaction, an enzyme or similar species may transfer
electrons between the analyte and the redox mediator, while the redox mediator transfers
electrons between itself and an electrode of the test sensor.

[0010] The measurement device of an electrochemical biosensor system applies a primary
input signal through the electrical contacts to the electrical conductors of the test sensor. The
electrical conductors convey the primary input signal through the electrodes into the sample
present in the sample reservoir. The redox reaction of the analyte generates a primary
(electrical) output signal in response to the primary input signal. The primary (electrical)
output signal from the test sensor may be a current (as generated by amperometry or
voltammetry), a potential (as generated by potentiometry/galvanometry), or an accumulated

charge (as generated by coulometry). The measurement device may have the processing
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capability to measure and correlate the primary output signal with the presence and/or
concentration of one or more analytes in the sample.

[0011] In either optical or electrochemical biosensor systems, the conversion of the primary
output signal to indicate the presence and/or concentration of the target analyte(s) is typically
accomplished using a conversion function. A conversion function is a calculation method that
converts the primary output signal to a concentration of the target analyte(s). For example, a
conversion function may involve using a reference correlation between the primary output
signal and the analyte concentration with a linear, nonlinear, or polynomial relationship. The
conversion function reflects a correlation under a set of assumptions regarding the conditions
of the testing and sample, and deviations from these assumptions may introduce error in the
calculated analyte concentration.

[0012] The generation and measurement of the primary output signal is designed to be
primarily responsive to the analyte(s) concentration that is the target or objective of the
biosensor measurement, but the measured primary output signal inevitably also includes
contributions from extraneous stimuli, such as deviations from the assumptions underlying the
correlation. Such extraneous stimuli include those arising from physical or environmental
characteristics of the sample, such as interfering substances (e.g., hematocrit (Hct),
acetaminophen, lipids, proteins, ascorbic acid, uric acid, efc.), ambient temperature, humidity,
and the like; operating conditions of the system, such as underfill conditions when the sample
size is insufficient for the system to carry out a measurement, intermittent electrical contact
between the sample and one or more electrodes in the test sensor, degradation of the reagents,
and the like; and manufacturing variations between test sensor lots, such as changes in the
amount and/or activity of the reagents, changes in the electrode area and/or spacing, and the
like; efc..

[0013] Extraneous stimuli affect both the accuracy and precision of the measurement and
analysis of the target analyte(s). Such erroneous measurements can cause frustration for the
biosensor system’s end user, who may need to discard test sensors and provide additional
samples in order to repeat measurements, and who also may face uncertain treatment choices
because of the inaccurate information. Thus, there has been an ongoing need to quantify and
offset the effects of extraneous stimuli in order to remove or minimize those effects from the
target analyte concentration.

[0014] When an extraneous stimulus arises from the physical or environmental characteristics
of the sample, its effect may be quantified from a secondary output signal that is either

extracted from the primary output signal, or measured by dedicated means or a dedicated
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detection channel. For example, in electrochemical systems, a secondary output signal due to
an interfering substance (such as Hct) may be extracted from the primary output signals (such
as, for example, the current ratios of R4/3, R5/4 and R6/5 disclosed in PCT Publication No.
WO 2009/108239 entitled, “Slope-Based Compensation” and the potential sequence of gated
amperometry with a Hct pulse disclosed in PCT Publication No. WO 2011/156152 Al
entitled, “Slope-Based Compensation Including Secondary Output Signals”) used to
determine the target analyte concentration of the sample, or measured using a dedicated
electrode that may include the same reagent composition as the electrodes used to determine
the target analyte concentration of the sample, a different reagent composition (e.g., one that
reacts with the interferent), or no reagent composition. In optical systems, for example, a
secondary output signal due to an interfering substance (such as THb) may be measured using
a dedicated optical channel focused at a wavelength or an angle indicative of the interfering
substance (such as, for example, the reflectance measurements disclosed in PCT Publication
No. WO 2013/043839 Al entitled “Analysis Compensation Including Segmented Signals”
and PCT Publication No. WO 2014/159077 A1 entitled “Normalized Calibration of Analyte
Concentration Determination”). In some instances, the secondary output signal may be
correlated with a value for the extraneous stimulus; for example, a temperature sensor
incorporated into a biosensor system may measure a secondary output signal due to
temperature and correlate that secondary output signal with a temperature value, thus
providing a separate measurement of the ambient temperature of the sample.

[0015] As used herein, the term “secondary output signal” may describe the raw signal
extracted from the primary output signal or measured by a dedicated sensor, electrode,
detection channel or the like, or may describe the extraneous stimulus value correlated with
the raw signal, depending on the context of the particular measurement or calculation being
done.

[0016] The conversion function used to convert the primary output signal to analyte
concentration may utilize the secondary output signals to compensate for the effects of those
extraneous stimuli. For example, the measured temperature value may be used to compensate
the primary output signal to more accurately determine the analyte concentration, as
discussed, for example, in U.S. Patent No. 7,781,222 (“Temperature-Adjusted Analyte
Determination for Biosensor System”). In another example, the conversion function may
involve a multivariable regression with secondary output signals, as discussed, for example, in
U.S. Patent No. 8,744,776 (“Method of Determining Analyte Concentration Based on
Complex Index Functions”) and PCT Publication No. WO 2011/119533 Al (“Residual
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Compensation for a Biosensor”). Normalization may also be used to remove or minimize the
effect of extraneous stimuli from the primary output signal, as discussed, for example, in PCT
Publication No. WO 2014/159077 Al (“Normalized Calibration of Analyte Concentration
Determinations”).

[0017] While incorporating such compensation methods into conversion functions can
improve biosensor system measurement performance, shortcomings remain.  Such
compensation methods are typically developed and implemented in a laboratory, where error
conditions can be reproduced in a controlled environment. For portable measurement devices,
particularly hand-held devices used by most consumers, such a controlled laboratory
environment may not accurately reflect the conditions under which the measurements are
made, so the compensation methods developed under controlled laboratory conditions may
not accurately compensate for the effects of the extraneous stimuli on the primary output
signal under actual measurement conditions. For example, the temperature measured by a
temperature sensor incorporated in a biosensor system is assumed to reflect the temperature of
the biological fluid sample, but that assumption may fail under certain operating conditions,
such as when a hand-held measuring device is kept in a car during winter weather (e.g., 0°-
10°C) or summer weather (e.g., 40°- 45°C) and then used immediately with a test sensor that
had been kept indoors at room temperature (e.g., 22° - 25° C). In another example, a Hct
signal measurement may itself be erroneous due, for example, to a failure of a dedicated
electrode.

[0018] Such a situation, where the secondary output signal does not match the reference value
assumed by the compensation method and/or does not match the secondary output signal
expected from the primary output signal, is referred to as an “off-condition.” When an analyte
determination is made under an off-condition, using the generated secondary output signal to
compensate the primary output signal may introduce additional error into the analyte
determination. Currently-available biosensor systems and methods cannot determine when
such an off-condition occurs and so cannot determine when the conversion function requires
additional adjustment to compensate for such errors due to the secondary output signals.
[0019] The methods and systems disclosed herein avoid or ameliorate at least some of these

disadvantages in the prior art.

SUMMARY
[0020] In one aspect, the present disclosure provides a method of determining an analyte

concentration in a biological fluid sample. A primary output signal that is primarily
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responsive to the analyte concentration is measured, and a secondary output signal that is
responsive to an extraneous stimulus that affects the primary output signal is generated. A
secondary output signal is back-calculated based on the measured primary output signal, and
the generated secondary output signal is adjusted using the back-calculated secondary output
signal. The measured primary output signal is converted to an analyte concentration using a
conversion function with the adjusted secondary output signal used to compensate for the
effect of the extraneous stimulus on the measured output signal.

[0021] In another aspect, the present disclosure provides a method of compensating an analyte
measurement in an off-condition by measuring a primary output signal that is primarily
responsive to the analyte concentration in a biological fluid sample and generating a
secondary output signal that is responsive to an extraneous stimulus that affects the primary
output signal. The measured primary output signal is converted to a preliminary analyte
concentration using a conversion function with the generated secondary output signal to
compensate for the effect of the extraneous stimulus on the measured primary output signal.
A first back-calculated secondary output signal is determined based on the measured primary
output signal and the preliminary analyte concentration. If an off-condition is determined to
exist, then a first adjusted secondary output signal is determined using the first back-
calculated secondary output signal to adjust the generated secondary output signal. The
measured primary output signal is converted to a first analyte concentration value using the
conversion function with the first adjusted secondary output signal to compensate for the
effect of the extraneous stimulus on the primary output signal. In some implementations, a
second back-calculated secondary output signal is determined based on the measured primary
output signal and the first analyte concentration value; if an off-condition is determined to
exist based on the first and second back-calculated secondary output signals, then a second
adjusted secondary output signal is determined using the second back-calculated secondary
output signal to adjust the first adjusted secondary output signal, and the measured primary
output signal is converted to a second analyte concentration value using the conversion
function and the second adjusted secondary output signal to compensate for the effect of the
extraneous stimulus on the measured primary output signal.

[0022] In another aspect, the present disclosure provides a method of compensating an analyte
measurement in an off-temperature condition by measuring a primary output signal and
generating a temperature measurement using a temperature sensor. The measured primary
output signal is converted into a preliminary analyte concentration using a conversion

function with the temperature measurement to compensate for the effect of temperature on the
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measured primary output signal. A first back-calculated temperature is determined from the
measured primary output signal and the preliminary analyte concentration. If an off-
temperature condition is determined to exist, then the temperature measurement is adjusted
using the first back-calculated temperature, and the measured primary output signal converted
into a first analyte concentration using the conversion function with the first adjusted
temperature to adjust for the effect of the temperature on the measured primary output signal.

[0023] In another aspect, the present disclosure provides a biosensor system for implementing

one or more of the methods disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIGURE 1A illustrates a conventional (prior art) approach to compensating for the
effect of an extraneous stimulus in an analyte determination.

[0025] FIGURE 1B illustrates a cyclic approach to compensating for the effect of an
extraneous stimulus in an analyte determination.

[0026] FIGURE 2A represents one embodiment of a method of determining an analyte
concentration.

[0027] FIGURE 2B represents another embodiment of a method of determining an analyte
concentration.

[0028] FIGURE 2C represents another embodiment of a method of determining an analyte
concentration.

[0029] FIGURE 2D represents another embodiment of a method of determining an analyte
concentration.

[0030] FIGURE 3A shows a graph of primary output signal versus meter temperature for
three YSI reference glucose samples.

[0031] FIGURE 3B shows a graph of the primary output signals extrapolated to 22°C versus
YSI reference glucose levels.

[0032] FIGURE 3C shows a graph of normalized primary output signal determined by two
normalization methods versus temperature.

[0033] FIGURE 3D shows a table summarizing the estimated accuracy of temperature back-
calculated using the normalization functions shown in FIGURE 3C.

[0034] FIGURE 3E represents the primary output signals as a function of the Hct signals of
the Hct dedicated electrode at three different reference glucose concentrations.

[0035] FIGURE 3F represents a normalizing function for the Hect signals extrapolated at inct =

2000 mV versus YSI reference glucose levels.
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[0036] FIGURE 3G represents the normalized reference correlation for back-calculating the
Hct Signals determined by the normalized output signals.

[0037] FIGURE 3H represents the primary Alc signals (reflectance) as a function of the THb
signals from a dedicated detection channel at four different reference %-Alc concentrations.
[0038] FIGURE 31 represents a normalizing function for the THb signals extrapolated at Rmp
= 0.7 versus reference %-Alc levels.

[0039] FIGURE 37 represents the normalized reference correlation for back-calculating the
THDb signals where the THb signal is plotted against the normalized Alc signals.

[0040] FIGURE 3K illustrates one embodiment of a method of generating normalized
calibration information that may be used to back-calculate a secondary output signal.

[0041] FIGURE 4A represents one embodiment of a method of determining an off-condition
in an analyte concentration determination.

[0042] FIGURE 4B represents another embodiment of a method of determining an off-
condition in an analyte concentration determination.

[0043] FIGURE 5A shows a plot of measured primary output signals for three different whole
blood (WB) glucose concentrations taken with the sensor/sample and meter at seven different
temperatures.

[0044] FIGURE 5B shows a plot of measured primary output signals for four different WB
glucose concentrations taken with the sensor/sample at 22°C and the meter at six different
temperatures.

[0045] FIGURE 5C shows a plot of bias/%-bias in an analyte determination using a
conventional one-way conversion function with temperature compensation in an off-
temperature condition and the meter temperature at which the primary output signals were
measured.

[0046] FIGURE 6A shows a plot of back-calculated temperatures based on a measured
primary output signal and the meter temperature at which the primary output signals were
measured.

[0047] FIGURE 6B shows a plot of bias/%-bias in an analyte determination using a
conventional (one-way) application of a conversion function with temperature compensation
(*), a complete one cycle application of the conversion function with temperature
compensation (@), and a selected one cycle application of the conversion function with

temperature compensation applied in off-temperature conditions only (L1), and the meter

temperature at which the primary output signals were measured.
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[0048] FIGURE 7A represents one embodiment of a method of compensating an analyte
measurement in an off-temperature condition.

[0049] FIGURE 7B shows a plot of bias/%-bias in an analyte determination using a cyclic
application of a conversion function with temperature compensation with two different weight
coefficients.

[0050] FIGURE 8 represents one embodiment of a biosensor system according to the present

disclosure.

DETAILED DESCRIPTION

[0051] The present disclosure introduces a concept of back-calculating a secondary output
signal based on the measured primary output signal and using the back-calculated secondary
output signal to help compensate for the effect of an extraneous stimulus on the primary
output signal in an analyte determination. A back-calculated secondary output signal based
on the measured primary output signal better reflects the effect of the extraneous stimulus
under the actual conditions under which the primary output signal was measured, and so may
be used to determine when an off-condition occurs and to help compensate for the errors
introduced by the off-condition, thereby improving the accuracy of the analyte concentration
determination.

[0052] FIGURE 1A illustrates a conventional approach to compensating for the effect of an
extraneous stimulus in an analyte determination. A biosensor system makes a measurement
of a primary output signal. The measured primary output signal is primarily responsive to an
analyte concentration in a biological fluid sample, but will include responses from extraneous
stimuli (such as temperature, Het, THb, efc.) that will affect the accuracy and precision of the
analyte determination. To compensate for the effects from an extraneous stimulus, the
biosensor system may generate a secondary output signal that is responsive to the extraneous
stimulus, for example, by extracting the secondary output signal from the measured primary
output signal, or by making a separate measurement of the secondary output signal. In a
conventional compensation approach, the measured primary output signal and the generated
secondary output signal are inputted into a conversion function that uses the generated
secondary output signal to compensate the measured primary output signal for the effect of
the extraneous stimulus while converting the measured primary output signal into an analyte
concentration.

[0053] This one-way process of inputting the measured primary output signal and the

generated secondary output signal into the conversion function to determine the analyte
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concentration, while it may be effective in reducing the effect of the extraneous stimulus in
the analyte determination, fails to detect errors associated with the generated secondary output
signal. Such errors may arise, for example, when the generated secondary output signal itself
is in error due to a faulty detection channel, such as may occur in detecting a THb signal, or
due to a failure of a dedicated electrode, such as may occur in detecting a Hct signal, or when
the generated secondary output signal does not reflect the actual condition of the biological
fluid sample when the primary output signal is measured, such as may occur when the
measuring device’s temperature sensor does not represent the temperature of the
sensor/sample. When an erroneous secondary output signal is inputted into the conversion
function, a large error may result when compensating the measured primary output signal for
the effect of the extraneous stimulus, and so may compromise the accuracy of the analyte
concentration determination.

[0054] FIGURE 1B illustrates a cyclic approach, according to this present disclosure, for
compensating for the effect of an extraneous stimulus in an analyte determination. In
accordance to this disclosure, the cyclic process may begin as above, with a measured primary
output signal and a generated secondary output signal being inputted into a conversion
function to determine a preliminary analyte concentration. The process then generates a new
input to cycle back into the conversion function to better compensate for the effect of the
extraneous stimulus. This cyclic process involves back-calculating a secondary output signal
based on the measured primary output signal using, for example, the measured primary output
signal itself, the preliminary analyte concentration and/or other information derived from the
measured primary output signal and/or preliminary analyte concentration. The back-
calculated secondary output signal is used to adjust the generated secondary output signal by,
for example, adding a portion of the back-calculated secondary output signal or a parameter
that depends on the back-calculated secondary output signal to the generated secondary output
signal, or replacing the generated secondary output signal with the back-calculated secondary
output signal. The adjusted secondary output signal (along with the measured primary output
signal) is inputted into the conversion function to determine a first compensated analyte
concentration. This cyclic process may be implemented for one cycle, or multiple cycles, for
example, for a predetermined number of cycles, or until certain criteria are satisfied.

[0055] It has been found that, by using the back-calculated secondary output signal to adjust
the generated secondary output signal, the adjusted secondary output signal that is inputted
into the conversion function better reflects the actual conditions under which the primary

output signal was measured and also helps correct for errors in the generated secondary output
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signal. Thus, cyclic processes of the present disclosure may provide improved accuracy of
analyte determinations.

[0056] FIGURES 2A-2D illustrate some steps involved in different implementations of a
cyclic process according to the present disclosure.

[0057] FIGURE 2A shows a flow chart 200 illustrating some steps in a one-cycle
implementation of a method of determining an analyte concentration according to the present
disclosure. Using a biosensor system, a primary output signal is measured at step 201. The
primary output signal is designed to be primarily responsive to the analyte concentration.
[0058] At step 202, a secondary output signal is generated. The secondary output signal is
responsive to an extraneous stimulus that affects the measured primary output signal and may
be generated, for example, by extracting the secondary output signal from the measured
primary output signal (such as, for example, extracting the current ratios of R4/3, R5/4 and
R6/5 as secondary output signals responsive to Hct levels, as disclosed in PCT Publication
No. WO 2009/108239 entitled, “Slope-Based Compensation,” or using the potential sequence
of gated amperometry with a Het pulse, as disclosed in WO 2011/156152 Al entitled, “Slope-
Based Compensation Including Secondary Output Signals”), or by making a separate
measurement of the secondary output signal using a separate sensor, a separate detection
channel or electrode, or the like (such as, for example, using a temperature sensor to make a
temperature measurement, or a dedicated optical channel to measure a reflectance signal
responsive to THb levels, as disclosed in WO 2013/043839 Al entitled “Analysis
Compensation Including Segmented Signals™ and WO 2014/159077 Al entitled “Normalized
Calibration of Analyte Concentration Determination”). Steps 201 and 202 may be performed
in any order, or may occur simultaneously.

[0059] At step 203, a back-calculated secondary output signal is determined based on the
measured primary output signal using the measured primary output signal itself and/or
information derived from the measured primary output signal, such as a preliminary analyte
concentration. Some embodiments of a method for back-calculating a secondary output signal
will be shown and discussed below and with reference to FIGURES 3A-3]J.

[0060] At step 204, the back-calculated secondary output signal is used to adjust the
secondary output signal generated by the biosensor system. At step 205, the measured
primary output signal is converted into the analyte concentration using a conversion function
with the adjusted secondary output signal (from step 204) being used to compensate for the

effect of the extraneous stimulus on the measured primary output signal.
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[0061] FIGURE 2B shows a flow chart 210 illustrating some steps in a one-cycle
implementation of a method of compensating an analyte measurement in an off-condition
according to the present disclosure. Using a biosensor system, a primary output signal is
measured at step 211, and a secondary output signal generated at step 212. Steps 211 and 212
may be performed in any order, or may occur simultaneously. At step 213, the measured
primary output signal is converted into a preliminary analyte concentration using a conversion
function with the generated secondary output signal used to compensate for the effect of an
extraneous stimulus on the measured primary output signal. At step 214, a back-calculated
secondary output signal is determined based on the measured primary output signal, as will be
discussed further below and with regard to FIGURES 3A-3]. Step 215 queries whether an
off-condition exists. An “off-condition” may occur when the generated secondary output
signal does not match the reference value assumed by a compensation method incorporated
into the conversion function and/or does not match the secondary output signal expected
based on the measured primary output signal; some embodiments of a method for determining
whether an off-condition exists will be shown and discussed below, with reference to
FIGURES 4A and 4B.

[0062] If an off-condition is determined to not exist (i.e., the answer to the query of 215 is
“NO™), then additional or further compensation for the effect of the extraneous stimulus may
not be needed or desired, so at step 216, the preliminary analyte concentration may be
reported by the biosensor system as the analyte measurement.

[0063] If an off-condition is determined to exist (i.e., the answer to the query of 215 is
“YES”), then additional compensation for the effect of the extraneous stimulus may be needed
or desired, so, at step 217, the generated secondary output signal is adjusted using the back-
calculated secondary output signal. In some implementations, the generated secondary output
signal may be replaced by the back-calculated secondary output signal; in other words, the
adjusted secondary output signal may be equated to the back-calculated secondary output
signal. In other implementations, a portion of the back-calculated secondary output signal
may be used to adjust the generated secondary output signal. In still other implementations, a
portion of the difference between the back-calculated secondary output signal and the
generated secondary output signal may be added to the generated secondary output signal to
adjust it. At step 218, the measured primary output signal is converted into the analyte
measurement using the conversion function with the adjusted secondary output signal to
compensate for the effect of the extraneous stimulus, and the analyte measurement reported in

step 219.
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[0064] FIGURE 2C shows a flow chart 220 that illustrates some steps in a multiple cycle
implementation of a method of compensating an analyte measurement in an off-condition
according to the present disclosure. In the implementation shown in flow chart 220, cyclic
compensation is repeated until an off-condition no longer exists.

[0065] Using a biosensor system, a primary output signal is measured at step 221, and a
secondary output signal generated at step 222. Steps 221 and 222 may be performed in any
order, or may occur simultaneously. At step 223, the measured primary output signal is
converted into a preliminary analyte concentration using a conversion function with the
generated secondary output signal used to compensate for the effect of an extraneous stimulus
on the measured primary output signal.

[0066] A counter, 7, may be used to keep track of the number of cycles used, and at step 224,
nissetto 1. A cycle begins at step 225, where an n™ back-calculated secondary output signal
is determined based on the measured primary output signal and the (n-1)™ analyte
concentration, as will be discussed further below and with regard to FIGURES 3A-3J; for
n=1, the (n-1)" analyte concentration is the preliminary analyte concentration that was
determined in step 223. Step 226 queries whether an off-condition exists; some embodiments
of a method for determining whether an off-condition exists will be shown and discussed
below, with reference to FIGURES 4A and 4B.

[0067] If the query of 226 returns “NO”, then the (n-1)™ analyte concentration is reported as
the analyte measurement, as shown at step 230.

[0068] If the query of 226 returns “YES”, then, at step 227, an n™ adjusted secondary output
signal is determined by, for example, using the n® back-calculated secondary output signal to
adjust the (n-1)™ adjusted secondary output signal; for #=1, the (n-1)™ adjusted secondary
output signal is the generated secondary output signal from step 222. In some
implementations, the #® back-calculated secondary output signal may be used to replace the
(n-1)™ adjusted secondary output signal; in other words, the n™ adjusted secondary output
signal may be equated to the n® back-calculated secondary output signal. In other
implementations, a portion of the n® back-calculated secondary output signal may be used to
adjust the (n-1)™ generated secondary output signal. In still other implementations, a portion
of the difference between the ™ back-calculated secondary output signal and the (n-1)™
adjusted secondary output signal may be added to the (n-1)™ adjusted secondary output signal

to determine the n™ adjusted secondary output signal.
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[0069] At step 228, the measured primary output signal is converted to an n™ analyte
concentration using the conversion function with the n® adjusted secondary output signal to
compensate for the effect of the extraneous stimulus.

[0070] At step 229, the counter, n, is increased by one, i.e., n = n + 1, and another cycle
begins at step 225. The cycle (steps 225-229) is repeated until the off-condition no longer
exists (i.e., the query of 226 returns “NO”), at which point the (n-1)" analyte concentration is
reported as the analyte measurement (step 230).

[0071] FIGURE 2D shows a flow chart 240 that illustrates some steps in another multiple
cycle implementation of a method of compensating an analyte measurement in an off-
condition according to the present disclosure. In the implementation shown in flow chart 240,
cyclic compensation is repeated for a pre-determined (fixed) number of cycles.

[0072] Using a biosensor system, a primary output signal is measured at step 241, and a
secondary output signal generated at step 242. Steps 241 and 242 may be performed in any
order, or may occur simultaneously. At step 243, the measured primary output signal is
converted into a preliminary analyte concentration using a conversion function with the
generated secondary output signal used to compensate for the effect of an extraneous stimulus
on the measured primary output signal.

[0073] Step 244 queries whether an off-condition exists; some embodiments of a method for
determining whether an off-condition exists will be shown and discussed below, with
reference to FIGURES 4A and 4B.

[0074] If the query of 244 returns “NO”, then the preliminary analyte concentration is
reported as the analyte measurement, as shown at step 251.

[0075] If the query of 244 returns “YES”, then cyclic compensation is performed. A counter,
n, may be used to keep track of the number of cycles used, and at step 245, nissetto 1. A
cycle begins at step 246, where an n™ back-calculated secondary output signal is determined
based on the measured primary output signal and the (n-1)™ analyte concentration, as will be
discussed further below and with regard to FIGURES 3A-3J; for n=1, the (n-1)™ analyte
concentration is the preliminary analyte concentration that was determined in step 243.

[0076] At step 247, an n'™ adjusted secondary output signal is determined by, for example,
using the #n™ back-calculated secondary output signal to adjust the (n-1)™ adjusted secondary
output signal; for n=1, the (n-1)" adjusted secondary output signal is the generated secondary
output signal from step 242. In some implementations, the n™ back-calculated secondary
output signal may be used to replace the (n-1)™ adjusted secondary output signal; in other

words, the n™ adjusted secondary output signal may be equated to the n™ back-calculated
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secondary output signal. In other implementations, a portion of the n™ back-calculated
secondary output signal may be used to adjust the (n-1)™ generated secondary output signal.
In still other implementations, a portion of the difference between the n™ back-calculated
secondary output signal and the (n-1)™ adjusted secondary output signal may be added to the
(n-l)Lh adjusted secondary output signal to determine the n'™ adjusted secondary output signal.
[0077] At step 248, the measured primary output signal is converted to an n™ analyte
concentration using the conversion function with the n™ adjusted secondary output signal to
compensate for the effect of the extraneous stimulus.

[0078] Step 249 queries whether # is equal to the pre-determined number of cycles, N. If the
query of step 249 returns “YES,” then the n'™ analyte concentration is reported as the analyte
measurement, as shown in step 252. If the query of step 249 returns “NO”, then the counter,
n, is increased by one, i.e., n = n + 1, at step 250, and another cycle begins at step 246. The
cycle (steps 246-250) is repeated until n = N (i.e., the query of 249 returns “YES”), at which
point the n™ analyte concentration is reported as the analyte measurement (step 252).

[0079] A secondary output signal may be back-calculated from the measured primary output
signal in different ways, such as using a correlation of the secondary output signal to a
parameter or other information derived from the measured primary output signal. For
example, temperature may be back-calculated using a correlation between temperature and the
decay constant parameter from a gated amperometry measurement, as discussed, for example,
in U.S. Patent No. 8,425,757, which is hereby incorporated by reference its entirety.

[0080] Another way of back-calculating a secondary output signal uses a correlation between
the secondary output signals and normalized primary output signals. As discussed above, the
measured primary output signal depends on a number of variables, primarily on analyte
concentration but also on extraneous stimuli such as %-Hct, THb value, temperature, etc.
Normalization reduces the dependency of the primary output signal from these many variables
to fewer variables, preferably to just one variable. PCT Publication No. WO 2014/159077A1,
entitled “Normalized Calibration of Analyte Concentration Determinations,” provides a more
detailed discussion of normalization generally and is hereby incorporated by reference in its
entirety. Normalization of the primary output signal to eliminate the dependency of the
primary output signal on analyte concentration so that the primary output signal becomes
dependent on an extraneous stimulus only may be accomplished by various methods. For
example, the primary output signal may be normalized by dividing the primary output signal

by a unity function value of the analyte concentration; alternatively, a normalization function
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may be generated, and a ratio of the primary output signal to the normalization function value
used as the normalized primary output signal.
[0081] FIGURES 3A-3J illustrate some ways to generate a normalization function and a
normalized primary output signal that has had its dependency on analyte concentration
eliminated and is dependent only on a secondary output signal. Back-calculating the
secondary output signal may be accomplished using a correlation between the secondary
output signal and normalized primary output signal. FIGURE 3K shows a flowchart that
summarizes some steps illustrated in FIGURES 3A-3I for generating a normalization function
and normalized calibration information that may be used to back-calculate a secondary output
signal.
[0082] FIGURES 3A-3D illustrate some aspecfs of normalization as applied to normalize a
primary output signal that is primarily responsive to glucose concentration to be dependent on
temperature only.
[0083] FIGURE 3A shows a plot of glucose signal (the primary output signal in this example)
as a function of temperature (the secondary output signal in this example) at three glucose
concentrations. The glucose signals (reported as the ending current at 5.2 seconds in a gated
amperometry potential sequence, “Currents at 5.2s (mV)”) were measured from YSI glucose
reference samples (glucose level of 78.4 mg/dL (#), 329.5 mg/dL (L), and 559.8 mg/dL(A))
are plotted against the temperature as measured by the temperature sensor in the meter
(“Temperature, C”). In generating the data shown in FIGURE 3A, the sensor/sample
temperature and the meter temperature were kept the same. A line is fitted through the plotted
data for each YSI glucose reference sample, and the corresponding regression equation for
each line also shown in FIGURE 3A.
[0084] FIGURE 3B shows the glucose signals extrapolated to a designated temperature
(22°C; see the vertical dashed line in FIGURE 3A) and plotted against the reference glucose
concentrations. The extrapolated glucose signal values were obtained by inputting the
designated temperature (22°C) into the regression equations for each YSI glucose reference
sample, resulting in the following three extrapolated values: 65.77, 316.86 and 553.12
(current counts, mV). A line is fitted through the extrapolated values plotted in FIGURE 3B
and a regression analysis performed to produce a normalization function shown as follows
(Bq. (D))

y=1.0122x - 14.577 (1)
where y corresponds to the primary output signél value that may be used as a normalization

function value and x corresponds to glucose (analyte) concentration. In this embodiment, the



WO 2016/185352 PCT/IB2016/052800
18

regression equation is a linear function of analyte concentration, but in other embodiments,
the regression equation may be a polynomial or other type of function.
[0085] FIGURE 3C plots normalized glucose signals (“Normalized Currents”) against
temperature (“Temperature, C”), which establishes the correlation between the normalized
primary output signals and temperature. FIGURE 3C includes normalized glucose signals
determined by two different normalization methods. Normalized glucose signals determined
as a ratio of the measured glucose signals (is2) to the unity function value of the known YSI
reference glucose concentration value (i.e., a normalization current value taken at the
numerical value of the known analyte concentration) are plotted using diamonds (4).
Normalized glucose signals plotted using open squares ({J) were determined by dividing the
measured glucose signals (is2) by the normalization function values for the known YSI
reference glucose concentration values (x) determined by Eq. (1). A regression analysis of the
two normalized glucose signals plotted against temperature in FIGURE 3C generates a linear
regression function for each as follows:

Yy = 0.0333x¢s) + 0.1962 (2)

Yoy = 0.0354xq) + 0.2077 3)
where y) corresponds to the glucose signal normalized by taking a ratio to a unity function of
the known YSI reference concentrations and y) corresponds to the glucose signal normalized
by taking a ratio to the normalization function value (Eq. (1)), and x() and x() correspond to
temperature. The two plots shown in FIGURE 3C and Equations (2) and (3) show the
relationship between normalized glucose signals and temperature. Equations (2) and (3) may

be rewritten to express temperature as a function of normalized glucose signal as follows:
Vo) — 0.1962

- 4

X 0.0333 “
Yoy — 0.2077

_ Yoy~ 92077 5

*@ 0.0354 ©)

[0086] The relationship between normalized glucose signals and temperature, as expressed
by, for example, Equations (4) or (5), may be used as normalized calibration information to
back-calculated temperature (secondary output signal) by normalizing the measured glucose
(primary output) signal to the normalization value derived from a corresponding glucose
(analyte) concentration and applying the normalized calibration information to the normalized
glucose (primary output) signal.

[0087] FIGURE 3D shows the estimated accuracy of temperatures back-calculated using
Equations (4) and (5). The back-calculated temperature (Tcac) using either Equation (4) or (5)
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shows no mean bias relative to the measured temperature (Tmeas), that is to say that the mean
AT = Teare - Tmeas is 0.0° C. Both equations show equivalent accuracy as a method of back-
calculating temperatures.
[0088] FIGURES 3E-3G illustrate some aspects of normalization as applied to normalize a
primary output signal that is primarily responsive to glucose concentration to be dependent on
Hct signal (secondary output signal) only.
[0089] FIGURE 3E shows a plot of glucose signal (i, the primary output signal in this
example) as a function of Het signal (iu, the secondary output signal in this example) at three
glucose concentrations. The glucose signals (reported as the ending current at 5.2 seconds in
a gated amperometry potential sequence, “Glucose Currents, i_5.25”) from each of the YSI
glucose reference samples (glucose level of 74.9 mg/dL (@), 348.7 mg/dL (M), and 528.3
mg/dL(A)) are plotted against the Het signals as measured by a dedicated Hct electrode (“Hct
Electrode Currents (mV)”). Regression equations corresponding to the plotted data for each
YSI reference sample are also shown. In the biosensor system used to generate the data
shown in FIGURE 3E, the expected average Hct current count is 2500 mV for 20% Hct, 2000
mV for 42% Het, 1680 mV for 60% Hct and 1150 mV for 70% Hct, and both ig and inc
decrease with increasing %Hct.
[0090] FIGURE 3F shows glucose signals extrapolated to a designated value for the Hct
Electrode Current (2000 mV; see vertical dashed line in FIGURE 3E) and plotted against the
YSI reference glucose levels (mg/dL). The extrapolated glucose signal values were obtained
by inputting the designated Hct signal value (2000 mV) into the regression equation for each
YSI reference glucose sample, resulting in the following three extrapolated values: 70.01,
352.8 and 585.7. A line is fitted through the extrapolated values plotted in FIGURE 3F and a
regression analysis performed to produce a normalization function shown as follows (Eq. (6)):
y=0.000582x* + 0.786148x + 7.848238 (6)
where y corresponds to the glucose signal value that may be used as a normalization function
value and x corresponds to glucose (analyte) concentration.
[0091] FIGURE 3G plots normalized glucose signals (“Normalized currents”) against Hct
signal (mV), which establishes the correlation between the normalized glucose signals and
Hct signal. FIGURE 3G includes normalized glucose signals determined by two different
normalization methods. Normalized glucose signals determined as a ratio of the measured
glucose signal (is;) to the unity function value of the known YSI reference glucose
concentration (i.e., a normalization current value taken at the numerical value of the known

analyte concentration) are plotted using diamonds (4). Normalized glucose signals plotted



WO 2016/185352 PCT/1B2016/052800
20

using open squares ([J) were determined by dividing the measured glucose signal (is2) by the
normalization function values for the known analyte concentration values (x) determined by
Eq. (6). A regression analysis of the two normalized glucose signals plotted against Hct
signal in FIGURE 3G generates a linear regression function for each as follows:

Yoy = 0.000447x¢y) + 0.116934 ' (7)

Vi = 0.000442x, + 0.114668 ®)
where y) corresponds to the normalized glucose signal obtained by taking a ratio of the
glucose signal to unity function of the known YSI reference concentrations and y(
corresponds to the normalized glucose signal obtained by taking a ratio of the glucose signal
to the normalization function value (Eq. (6)), and x(qy and x) correspond to Hct signal. The
two plots shown in FIGURE 3G and Equations (7) and (8) show the relationship between
normalized glucose signals and Hct signal. Equations (7) and (8) may be rewritten to express
Het signal as a function of normalized glucose signal and used as normalized calibration
information to back-calculate Hct (secondary output) signal by inputting the normalized
measured glucose (primary output) signal corresponding to a glucose (analyte) concentration.
[0092] FIGURES 3H-3] illustrate some aspects of normalization as applied to normalize a
primary output signal that is primarily responsive to %-Alc level to be dependent on THb
signal (secondary output signal) only.
[0093] FIGURE 3H shows a plot of Alc signals (Raic, the primary output signal in this
example) as a function of THb signal (R, the secondary output signal in this example) at
four %-Alc levels. The Alc signals (reported as reflectance of a first wavelength measured
from a first detection zone using a laminar flow Alc biosensor system) from each of the
reference samples (%Alc level of 4.8 (#), 6.5 (O), 9(A) and 12.3 (@)) are plotted against
THDb signals (measured as reflectance of a second wavelength from a second detection zone).
Curves are fitted through data from each reference sample, and regression equations
corresponding to each curve are also shown.
[0094] FIGURE 31 shows the Alc signals extrapolated to a THb reflectance signal (Rru)
value of 0.7, which corresponds to an average THb concentration (~150 mg/mL) (see vertical
dashed line in FIGURE 3H), plotted against the reference %-Alc level. The extrapolated Alc
signal values were obtained by inputting the Ry designated value (0.7) into the regression
equation for each %-Alc reference sample, resulting in the following four extrapolated
values: 0.31602, 0.35704, 0.40483 and 0.43732. A regression analysis of the extrapolated
Alc signal data plotted in FIGURE 31 generates the normalization function (Eq. (9)):
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y=-0.0015x* + 0.0414x + 0.1508 )
where y corresponds to the Alc signal value that may be used as a normalization function
value and x corresponds to %-Alc level (analyte concentration). In this example, the
regression equation (Eq. (9)) is a second order polynomial function of analyte concentration.
[0095] FIGURE 3] plots THb signals values against the normalized Alc signals,which
establishes the correlation between THb signals and normalized Alc signals. The normalized
Alc signals plotted in FIGURE 3J were determined as a ratio of the measured Alc signal to
the normalization function value for the known analyte concentration values (x) determined by
Eq. (9). A regression analysis of the THb signals plotted against normalized Alc signals in
FIGURE 37 generates a second order polynomial regression function as follows:

y=-0.6086x> + 0.8276x + 0.4826 (10)
where y corresponds to THb signal and x corresponds to the normalized Alc signal. Equation
(10) may be used as normalized calibration information to back-calculate a THb (secondary
output) signal by inputting the normalized measured Alc (primary output) signal
corresponding to %-Alc (analyte concentration).
[0096] FIGURE 3K summarizes some steps for one embodiment of generating a
normalization function and normalized calibration information that may be used to back-
calculate a secondary output signal in accordance with the present disclosure. In
implementing the steps shown in flow chart 300, a biosensor system is used to measure
reference primary output signals from a plurality of reference samples at step 301. The
reference primary output signals are primarily responsive to a primary stimulus, and each
reference sample is associated with a known value of the primary stimulus. At step 302, the
biosensor system generates a secondary output signal for each measured reference primary
_output signal. The generated secondary output signal is responsive to an extraneous stimulus
that affects the measured reference primary output signal. Steps 301 and 302 may be
performed in any order, or may occur simultaneously.
[0097] At step 303, the measured reference primary output signals for each reference sample
(from step 301) are correlated to the generated secondary output signals (from step 302). In
some implementations, a regression analysis may be performed on the correlated data from
step 303 to generate a regression equation that relates measured reference primary output
signal to generated secondary output signal.
[0098] At step 304, for each reference sample, a reference primary output signal value is
extrapolated to a designated value of the secondary output signal. The designated value of the

secondary output signal is typically a value around the mid-point of the range of generated
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secondary output signals (from step 302); however, any value within the range of generated
secondary output signals may be used as the designated value to which a reference primary
output signal value is extrapolated. In implementations that generate the first regression
equation that relates measured reference primary output signal to generated secondary output
signal, the first regression equation may be used to extrapolate the reference primary output
signal value by inputting the designated value of the secondary output signal.

[0099] At step 305, the extrapolated reference primary output signal values (from step 304)
are correlated to their known primary stimulus values in order to generate a normalization
function by, for example, regression analysis of the correlated data.

[0100] The normalization function is then used, at step 306, to normalize each measured
reference primary output signal at its corresponding known primary stimulus value.
Normalization is typically carried out by dividing the measured primary output signal by a
normalization function value. In this embodiment, the normalization function value is
determined by inputting the known primary stimulus value into the normalization function
generated at step 305.

[0101] At step 307, the normalized reference primary output signals (from step 306) are
correlated to the generated secondary output signals (from step 302) to generate normalized
calibration information. This normalized calibration information may be used in some
embodiments of the present disclosure in order to back-calculate a secondary output signal
based on the measured primary output signal. In some implementations, the normalized
calibration information may be represented as a regression equation that relates normalized
primary output signals to secondary output signals and results from a regression analysis of
the correlated data from step 307.

[0102] FIGURES 4A-4B illustrate different embodiments to determine whether an off-
condition exists. The flow chart 400 in FIGURE 4A illustrates some steps in determining
whether an off-condition exists based on a difference between the generated secondary output
signal and a reference value for the extraneous stimulus established during calibration of the
biosensor system. For example, the standard reference correlation of the primary output
signal to analyte concentration is typically established at a reference temperature (such as
25°C) and a reference hematocrit level (such as 42%). For biosensor measurements at a
temperature or hematocrit level that differ from the reference value, the effect of temperature
or hematocrit on the primary output signal is typically compensated by the conversion
function so that the analyte concentration is reported at the reference temperature and

hematocrit level values. However, if the difference between the generated secondary output
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signal and the reference value is too large, an off-condition may exist and the typical
compensation methods may introduce additional error into the analyte determination.

[0103] In implementing the steps shown in the flow chart 400, a biosensor system generates a
secondary output signal at step 401 and determines a difference between the generated
secondary output signal and a reference value at step 402. Step 403 queries whether the
absolute value of the difference determined at step 402 is greater than or equal to a threshold
value. In implementations where repeated cycles are carried out, a difference between an n®
adjusted secondary output signal, or an n™ back-calculated secondary output signal, and a
reference value may be determined, and an off-condition may exist when the absolute value of
this difference is greater than or equal to the threshold value. The threshold value is typically
set depending on the sensitivity desired for detecting an off-condition, and may be varied (for
example, progressively reduced) from one cycle to the next. If the query of step 403 returns
“NO”, then an off-condition does not exist (as shown at 404). If the query of step 403 returns
“YES”, then an off-condition does exist (as shown at 405), and, in some implementations, a
notification of the off-condition may be provided at step 406. The notification may take any
form, for example, a warning message on a display incorporated with the biosensor system, a
red light indicator on the biosensor system indicating that an error may exist, and the like.
The notification may also include instructions for correcting the off-condition or to repeat the
measurement.

[0104] The flow chart 410 of FIGURE 4B illustrates some steps in determining whether an
off-condition exists based on a difference between the generated secondary output signal and
an expected extraneous stimulus value based on the measured primary output signal. At steps
411 and 412, a biosensor system measures a primary output signal and generates a secondary
output signal. Steps 411 and 412 may be performed in any order, or may occur
simultaneously. At step 413, a back-calculated secondary output signal is determined based
on the measured primary output signal; the back-calculated secondary output signal reflects
the expected extraneous stimulus value based on the measured output signal. At step 414, a
difference between the generated secondary output signal from step 412 and the back-
calculated secondary output signal from step 413 is determined. Step 415 queries whether the
absolute value of the difference determined at step 414 is greater than or equal to a preset
value. In implementations where repeated cycles are carried out, a difference between an n®
back-calculated secondary output signal and an (n-1)™ back-calculated, or (n-1)™ adjusted,
secondary output signal and may be determined, and an off-condition may exist when the

absolute value of this difference is greater than or equal to the preset value. The preset value
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is typically set depending on the sensitivity desired for detecting an off-condition, and may be
varied (for example, progressively reduced) from one cycle to the next. If the query of step
415 returns “NO”, then an off-condition does not exist (as shown at 416). If the query of ste
415 returns “YES”, then an off-condition does exist (as shown at 418); in some
implementations, a notification of the off-condition (as discussed previously, with regard to
step 406 in FIGURE 4A) may be provided at step 419.

[0105] In some implementations according to the present disclosure, an off-condition may be
determined based on a combination of the criteria discussed with regard to FIGs. 4A and 4B.
That is, an off-condition may be determined to exist when the absolute value of the difference
between the generated secondary output signal and the reference value is greater than or equal
to a threshold value, and the absolute value of the difference between the generated secondary
output signal and the back-calculated secondary output signal is greater than or equal to a
preset value.

[0106] The error introduced into an analyte measurement by an off-condition may be
illustrated by FIGURES 5A-5C, which illustrate the effect of an “off-temperature condition.”
An off-temperature condition may occur, for example, when a hand-held meter is kept in a car
during winter weather (e.g., 0°- 10° C) or summer weather (e.g., 40°- 45° C) and then used
with a test sensor that had been kept at room temperature (e.g., 22°- 25°C). Given that heat
transfer between the test sensor and the meter through the interfacing contacts is expected to
be minimal within a short time, the test sensor/sample temperature is expected to remain
relatively unchanged, regardless of the meter temperature.

[0107] When a temperature sensor or other temperature measuring device is incorporated into
a biosensor system, it is assumed that the temperature measured by such device accurately
reflects the temperature of the test sensor and of the sample, but such devices are typically
incorporated into the meter, not the sensor. Methods that include temperature compensation
for determining analyte concentration typically use the temperature measured by such devices
to compensate the primary output signal. Under an off-temperature condition, however, the
measured temperature may not accurately reflect the sensor/sample temperature, so
temperature compensated measurements using the measured temperature will introduce error
into the calculated analyte concentration.

[0108] FIGURE SA shows a plot of primary output signal (Currents at 5.2s (mV)) from
samples with three different glucose concentrations (70, 350 and 550 mg/dL) as measured by
a biosensor system at seven temperatures, with the meter and sensor/sample at the same
temperature: 5°C (4), 10°C (O), 15°C (A), 25°C (X), 35°C (%), 40°C (@) and 45°C (+).
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The measured primary output signals at different glucose concentrations varied with
temperature, with the variance increasing as the concentration increases. Conversion
functions including temperature compensation, such as that discussed in U.S. Patent No.
7,781,222 (“Temperature-Adjusted Analyte Determination for Biosensor System”), have been
developed to compensate for such temperature-related variances in primary output signals
when converting the primary output signal into an analyte concentration.

[0109] FIGURE 5B shows a plot of primary output signal (Current at 5.2s (mV)) from
samples with four different glucose concentrations (86, 170, 335 and 564 mg/dL) as measured
by a biosensor system with the sensor/sample at ~22°C and the meter stored at six different
temperatures (22°C, 5°C, 10°C, 15°C, 35°C, 45°C) resulting in average temperature
measurements as follows: 21.9°C (¢), 6°C (0), 10.3°C (A), 15.7°C (X), 34.1°C () and
43.7°C (O). Even though the measured meter temperatures vary greatly, the sensor/sample
temperature remains relatively stable, as reflected in the measured primary output signals
remaining relatively unchanged for each glucose concentration. If a conversion function with
temperature compensation is applied to these data using the measured meter temperature to
compensate for the effect of temperature, the measured meter temperature would introduce a
potentially large error into the analyte determination.

[0110] FIGURE 5C shows the error in glucose concentration (plotted as bias/%-bias) for data
in FIGURE 5B determined using a conventional conversion function with temperature
compensation due to an off-temperature condition, when the measured meter temperature does
not accurately represent the sensor/sample temperature. The bias/%-bias data (@) are plotted
sequentially along with the average meter temperatures (A) at 22°C, 5.5°C, 10.5°C, 15.5°C,
22.5°C, 34°C, 39.5°C, and 43.5°C (the sensor/sample were at ~22°C). As can be seen in
FIGURE 5C, the larger the difference between the sensor/sample and the measured meter
temperature, the larger the error in the analyte concentration.

[0111] Using a back-calculated temperature in the compensation, rather than the measured
temperature, may help alleviate such error due to an off-temperature condition. Such a back-
calculated temperature better reflects the temperature of the sample under the actual
measurement conditions. FIGURE 6A shows back-calculated temperatures based on the
primary output signals measured under off-temperature conditions (sensor/sample temperature
at ~22°C; average meter temperatures at 22°C, 5.5°C, 10.5°C, 15.5°C, 22.5°C, 34°C, 39.5°C,
and 43.5°C). The back-calculated temperatures (@) shown in FIGURE 6A were generated
from the same data as the bias/%-bias data shown in FIGURE 5C, using the normalizing

calibration information embodied by Equation (4), above (see also FIGURE 3C and
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accompanying text). These back-calculated temperatures are shown to be closer to the
sensor/sample temperature of ~22°C than the measured meter temperatures (A).
Furthermore, inputting the back-calculated temperatures into the same standard conversion
function with temperature compensation that was used to generate the data shown in FIGURE
5C produces more accurate analyte concentration determinations with reduced error (smaller
bias/%-bias), as shown in FIGURE 6B.

[0112] FIGURE 6B shows the error in glucose concentration (plotted as bias/%-bias)
determined using a one-way application of a conventional conversion function with
temperature compensation as shown in FIGURE 1A (X) (this is the same data shown in
FIGURE 5C), a complete one cycle application of the same conventional conversion function
with back-calculated temperature for compensation (@) (as outlined in FIGURE 2A), and a
selected one cycle application of the same conventional conversion function with back-
calculated temperature for compensation applied only when an off-temperature condition is
detected (OJ) (as outlined in FIGURE 2B), plotted along with the average measured meter
temperature (). Back-calculated temperatures were determined were determined using the
normalizing calibration information embodied by Equation (4), above (see also FIGURE 3C
and accompanying text). During off-temperature conditions, the complete and selected one
cycle applications both reduced the error in terms of bias/%-bias on average from ~20% down
to ~10% compared to the results of the conventional one-way application; at more extreme
off-temperature conditions, such as at an average measured meter temperature ~5°C, the error
is reduced from ~20% to ~5%. When applied during no off-temperature conditions (e.g.,
measured meter temperature ~22°C), the one cycle application had comparable error of ~10%
as the conventional one-way approach; but applying compensation only during off-
temperature conditions, as done in the selected one cycle application minimized the chance of
producing unnecessary biases.

[0113] FIGURES 7A-7B illustrate some steps and results from some embodiments of a
method of compensating an analyte measurement in an off-temperature condition, using a
cyclic compensation approach according to the present disclosure.

[0114] The embodiment of a cyclic compensation process shown in FIGURE 7A includes the
steps of back-calculating temperature based on a previously determined analyte concentration,
determining a temperature difference between the back-calculated temperature and the
temperature used for compensation in the previously determined analyte concentration,
detecting an off-temperature condition using the determined temperature difference, and, if an

off-temperature condition is detected, adjusting the temperature and re-calculating an analyte
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concentration using the adjusted temperature to compensate for the effect of temperature on
the measured primary output signal; the process is repeated until no off-temperature condition
is detected, at which point the determined analyte concentration is reported as the analyte
measurement.
[0115] More specifically, in the flowchart 700 shown in FIGURE 7A, the process begins at
step 701, with a biosensor system measuring a primary output signal. At step 702, a
temperature measurement (T% is generated using the biosensor system (the superscript “0”
used with “T” herein designates the temperature measurement made using the biosensor
system, regardless of any subscript that may be appended to “T”). Steps 701 and 702 may be
performed in any order, or may occur simultaneously. At step 703, the measured primary
output signal is converted into a preliminary analyte concentration (G®) using a conversion
function with the temperature measurement (T°) to compensate for the effect of temperature
on the measured primary output signal.
[0116] In the embodiment shown in FIGURE 7A, an initial determination of whether an off-
temperature condition may exist occurs at step 704. The initial determination in this
embodiment is based on whether the absolute value of a difference between the temperature
measurement (T°) and a reference temperature (Tys) is greater than or equal to a threshold
value. For example, if the threshold value is set at 7°C, then an off-temperature condition
may exist when |T° - Trd > 7°C. If an off-temperature condition is determined to possibly
exist at this initial query (i.e., the query at step 704 returns “YES”), then the cyclic
compensation process may proceed (as discussed further below). If, however, the initial
query at step 704 returns “NO”, then no off-temperature condition may exist and the process
may proceed directly to step 709 where the preliminary analyte concentration (G°) may be
reported as the analyte measurement. The threshold value may be set at any value (e.g., 10, 7,
5, 3, 2, or 1°C) depending on the sensitivity desired for detecting an off-temperature
condition.
[0117] The cyclic compensatfon process shown in FIGURE 7A may take more than one
cycle, so a counter () is used to track each cycle and is set to n=1 at step 705.
[0118] At step 706, an »™ back-calculated temperature (T") is determined based on the
(n-1)™ analyte concentration (G™Y). In other words, an n™ back-calculated temperature (T") is
determined as a function of the (n-1)™ analyte concentration, i.e., T" = AG™).
[0119] At step 707, an n™ temperature difference (AT") is determined as follows:

AT =T" =T (11)
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where T” is the #n™ back-calculated temperature (from step 706) and, for 7=1, T"! g is the
temperature measurement (T% generated by biosensor system at step 702.

[0120] An off-temperature condition is detected by querying at step 708 whether the absolute
value of the n™ temperature difference is greater than or equal to a preset value, i.e., |AT"| >
preset value. For example, if the preset value is set at 5°C, then an off-temperature condition
would be detected when |AT”| > 5°C, that is when the n™ back-calculated temperature (T")
differs from the previously adjusted temperature (T"",5) by 5°C or more. The preset value
may be set at any value (e.g., 10, 7, 5, 3, 2, or 1°C) depending on the sensitivity desired for
detecting an off-temperature condition; it also may be set to progressively decrease, for
example, with each cycle, or the like.

[0121] If no off-temperature condition is detected based on the n™ temperature difference,
(AT (i.e., the query of 708 returns “NO”), then the (n-1)" analyte concentration (G™") is
reported by the biosensor system as the analyte measurement at step 709.

[0122] If an off-temperature condition is detected based on n'™ temperature difference, (AT")
(i.e., the query of 708 returns “YES”), then an n™ adjusted temperature (T") is determined at
step 710 as follows:

T = T g + WCAT" (12)
where, for n=1, T”'ladj is the temperature measurement (T°) generated by biosensor system at
step 702, AT" is the »™ temperature difference (from step 707), and WC is a weighting
coefficient that may be any value from zero (0) up to and including one (1). The weighting
coefficient (WC) is used to determine how much of the n™ back-calculated temperature (T") to
use to adjust the previously adjusted temperature (T”'ladj). When WC=1, then the n' back-
calculated temperature (T") completely replaces the previously adjusted temperature, so that
T wi=T"

[0123] At step 711, an #™ analyte concentration (G") is determined by converting the
measured primary output signal (from step 701) using the conversion function with the n®
adjusted temperature (T",g, from step 710) to compensate for the effect of temperature on the
measured primary output signal. The counter, 7, is advanced by one (i.e., n=n+1) at step 712,
and another cycle started at step 706. The cycle of steps 706-712 may be repeated until the
query at 708 returns “NO” and an off-temperature condition is not detected based on the n®
temperature difference (AT"), at which point the (n-1)™ analyte concentration (G"") is reported
by the biosensor system as the analyte measurement at step 709.

[0124] FIGURE 7B illustrate the effect of WC on a cyclic temperature compensation process
applied for one cycle of steps 706 — 711 according to the implementation shown in FIGURE
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7A. FIGURE 7B plots the error in terms of bias/%-bias from a one cycle application of the
conversion function with temperature compensation using the back-calculated temperature to
fully compensate for the effect of temperature (i.e., WC=1) ([J) and a one cycle application of
the conversion function with temperature compensation using a portion of the back-calculated
temperature to partially compensate for the effect of temperature (i.e., WC=0.65) (#), plotted
along with the average measured meter temperature (A). Compared to the error from a
conventional one-way application of a standard conversion function with temperature
compensation (see FIGURE 6B, one-way data plotted using (X)), the system error is reduced
from ~20% to ~5% using WC=1 and to ~15% using WC=0.65 at more extreme off-
temperature conditions (e.g., measured meter temperature at ~5°C). Using the back-
calculated temperature to fully compensate for the effect of temperature (WC=1) may in some
instances over-compensate for the effect of temperature, for example, at less extreme off-
temperature conditions (e.g., measured meter temperature at ~35°C); thus, in some instances,
it may be desirable to use WC<1 to compensate for the effect of an extraneous stimulus in a
more gradual manner.

[0125] Table 1 below shows data generated using an embodiment of a cyclic compensation
method similar to that shown in the flowchart 700 of FIGURE 7A to compensate the
temperature effect in an analyte determination during an off-temperature condition. The data
in Table 1 were generated using a biosensor system, three YSI reference glucose samples
(glucose concentration levels of 85.9, 169.8 and 84.0 mg/dL) and sensors stored at ~22°C and
meters stored at 5°C, 22°C and 40°C. The back-calculated temperatures (T™) were determined
using the normalizing calibration information embodied by Equation (4), above (see also
FIGURE 3C and accompanying text). The weighting coefficient (WC) was set equal to 1
(i.e., WC=1) so that T",q=T".

Table 1: Summary of cyclic compensation process for T",; and G"

Initial
bias/ Off-T
YSI T° G° %bias | T°-Tee | Y/N?°
- | 859 | 21.9 87.4 1.6% 3.1 N
- | 1698 | 57 2015 | 18.7% | -19.3 Y
- | 840 | 39.0 68.8 | -15.2% 14.1 Y
i
™ AT"
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1 | 1698 | 57 | 2015 16.7 11.0 Y® 167 | 1752 | 32%
1| 840 | 390 | 688 | 308 -8.2 Y 308 | 802 | -45%
859 | 219 - - - - - - -
1698 | 167 | 1752 19.9 3.2 N® Y° 199 | 172.0° | 13%

840 | 30.8 80.2 25.9 4.9 N°YS | 259 887" | 5.6%°

3 85.9 21.9 - -- - - - - -

3 11698 | 199 | 172.0° 20.3 0.4 NONG | 203 - -
3| 840 | 259 | 88.7° 23.0 2.9 NeYY | 230 93.8° | 9.8%°
859 | 21.9 - - - - - -- -
169.8 | 203 - - - - - - -
840 | 23.0 93 .8° 21.5 -1.5 N¢ 21.5 - -
Notes:

T° = temperature measurement

G° = preliminary analyte concentration (=AT"))

Tre=25°C

T® = n" back-calculated temperature (= AG™™"))

AT =T"- Tn-ladj

2 Initial off-T criterion: |T° — Tyt | > 7°C (threshold value)
® Off-T criterion: |AT"|> 5°C (preset value)

¢ Off-T criterion: |AT"|> 3°C (preset value)

4 Off-T criterion; |AT®|> 2°C (preset value)

T g = n' adjusted temperature (here WC=1, therefore T"gj = T")
G"=AT )

bias/%-bias = (G" — YSI)/YSI

[0126] As shown in FIGURE 7A, the process begins with a biosensor system measuring a
primary output signal and generating a temperature measurement (T°). A preliminary glucose
concentration (G°) is determined using the temperature measurement (T°) to compensate for
the effect of temperature on the measured primary output signal. As seen in Table 1, the
preliminary analyte concentrations at measured meter temperatures (T% of 5.7 and 39.1°C for
YSI samples having glucose concentration levels of 169.8 and 84.0 mg/dL, respectively, have
bias/%-biases larger than £10%. Applying the initial criterion of [T° — Tt | > 7°C (threshold
value), an off-temperature condition may exist for YSI samples having glucose concentration

levels of 169.8 and 84.0 mg/dL, but an off-temperature condition does not exist for the YSI
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sample having a glucose concentration of 85.9 mg/dL with a measured meter temperature of
21.9°C, so no cyclic compensation may be necessary for this sample measurement. In some
embodiments, such as the one shown in FIGURE 7A, if the initial off-temperature criterion is
not met, then no cyclic compensation is applied and back-calculating a temperature is not
necessary. For purposes of illustrating a second off-temperature criterion based on a back-
calculated temperature, the data shown in Table 1 includes a first back-calculated temperature
and JAT" | calculated for the YSI sample having a glucose concentration of 85.9 mg/dL, for
which no off-temperature condition was detected based on the initial criterion.

[0127] A first back-calculated temperature (T', for n=1) is determined based on the
preliminary analyte concentration (G%. Applying the criterion of |[AT' = T' - T°| > 5°C (preset
value), no off-temperature condition is detected for the YSI sample having a glucose
concentration of 85.9 mg/dL with a measured meter temperature of 21.9°C, therefore no
cyclic compensation is performed on this sample measurement. An off-temperature condition
is detected for YSI samples having glucose concentration levels of 169.8 and 84.0 mg/dL, so
for these two YSI samples, a first adjusted temperature (Tladj) is calculated (using WC=1, so
that Tladj = T!) and cycled as an input to determine a first analyte concentration (Gh.
Compared to the preliminary analyte concentration of these two YSI samples, the error in the
first analyte concentration (G') has been reduced to within +5%.

[0128] For n=2, a second back-calculated temperature (T?) is determined based on the first
analyte concentration (G'). If the preset value is kept the same, so that the same criterion of
|AT" | > 5°C is applied, then no off-temperature condition is detected for these YSI samples
(169.8 and 84.0 mg glucose/dL) and no further cyclic compensation is performed. However,
if the preset value is reduced and a criterion of [AT"| > 3°C is applied, then an off-temperature
condition is detected for both of these YSI samples, and a second adjusted temperature (T,4;)
is calculated (using WC=1, so that T, = T?) and cycled as an input to determine a second
analyte concentration (G*). The error in the second analyte concentration (G?) for these two
YSI samples remains less than £10%, so within presently acceptable performance limits.
Additionally, the second back-calculated temperature values (T?) are closer to the expected
value of the meter temperature (~22°C) than the first back-calculated temperatures (T").

[0129] For n=3, a third back-calculated temperature (T°) is determined based on the second
analyte concentration (G?) for these two YSI samples (169.8 and 84.0 mg glucose/dL).
Applying the criterion of |AT" | > 3°C, no off-temperature condition is detected for either
sample, so no further cyclic compensation is performed. If desired, for example, to drive the

back-calculated temperature closer to the sample/sensor temperature, the preset value may be
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reduced further, for example, a criterion of |JAT" | > 2°C is applied. With the preset value set at
2°C, an off-temperature condition is detected for the YSI sample having 84.0 mg glucose/dL,
and another cycle of compensation applied to this sample measurement, with a third adjusted
temperature (T3adj) calculated (using WC=1, so that T3adj = T?) and cycled as an input to
determine a third analyte concentration (G*).

[0130] For n=4, a fourth back-calculated temperature (T*) is determined based on the third
analyte concentration (G®) for the YSI sample having 84.0 mg glucose/dL. Applying the
criterion of |AT" | > 2°C, no off-temperature condition is detected, so no further cyclic
compensation is performed. As can be seen in Table 1, the fourth back-calculated temperature
(TY is even closer to the expected meter temperature than any of the previously back-
calculated temperatures.

[0131] Reviewing the data in Table 1, it can be seen that repeated cyclic compensation,
particularly used in conjunction with progressively reducing the preset value and refining the
off-temperature criterion, may be used to gradually drive the back-calculated temperature to
the expected sensor/sample temperature. Progressively reducing the preset value, however,
does not necessarily result in a concomitant progressive reduction in the error in the analyte
concentration as other error sources may become more expressed. However, the error in the
analyte concentration remains within presently acceptable performance limits (e.g., £10%).
[0132] Table 2 below shows data generated using an embodiment of a cyclic compensation
method similar to that shown in flowchart 240 of FIGURE 2D to compensate the hematocrit
effect in an analyte determination. In this embodiment, after an initial determination that an
off-condition exists based on [igct rer — iOHct| > 300 (threshold value) and lAiIHct= e — 1t | >
300 (preset value), the cyclic compensation process was carried out for a pre-determined
number of cycles, in this case N = 9. The data in Table 2 were generated from a YSI
reference sample having a glucose concentration level of 245 mg/dL and 38% Hct, using a
biosensor system having a dedicated Hct electrode. The first line of data includes the data
generated directly from the biosensor measurement (i(’me, G°). The back-calculated
hematocrit signals (i"ge) were determined using the normalizing calibration information
embodied by Equation (8), above (see also FIGURE 3G and accompanying text) and were
used in calculating the n™ analyte concentration (i.e., G" = S(i"5e)). In order to monitor the
progress of the cyclic compensation, the off-condition criteria and bias/%-bias were calculated
for each cycle.

[0133] The generated Het signal (i’ge = 791.5 mV) is low compared to the reference value

(itict_Ref = 2000 mV, 50 iper et — ioHct[ = 1208.5 mV) and also low compared to the first back-
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calculated Het signal (i'et = 1271.8 mV, 50 |Ai'set = 1%t — ikt | = 480.3 mV), which indicate
an off-condition exists. The preliminary glucose concentration (G”) has a %-bias of 38.3%.
The data in Table 2 show that after 9 cycles of* compensation using the back-calculated Hct

signal, the %-bias in glucose concentration is reduced to less than 10%.

Table 2: Summary of cyclic compensation process for i"ue and G”

G G"
(bias/ (bias/
n | YSI | %Hct | i%y %-bias) | ictes - i Het et %-bias) | inctrer—iHe | AiHa
3382 329.1
1 | 245 38 7915 | (38.5%) 1208.5 12718 | (34.6%) 728.2 480.3
319.6
2 -- -- - -- -- 1321.1 | (30.7%) 678.9 49.3
309.7
3 -- -- -- -- -- 1376.4 | (26.7%) 623.6 55.2
299.8
4 -- - -- -- -- 14369 | (22.6%) 563.1 60.5
290.2
5 -- - -- - - 1501.5 | (18.7%) 498.5 64.7
281.6
6 -- - -- -- -- 1568.5 | (15.2%) 431.5 67.0
274.6
7 -- - -- -- -- 1632.3 | (12.3%) 367.7 63.8
268.8
8 -- - - - - 1687.6 (9.9%) 312.4 55.3
263.9
9 -- - -- -- -- 1735.6 (7.9%) 264.4 48.0
Notes:

% = generated Hct signal

G = preliminary analyte concentration (=f(i’kcr))
itct-res = 2000

% = n® back-calculated Het signal (= AG™1))
A Her =1"Het - in-IHct

G" = fli"er)

bias/%-bias = (G" — YSI)/YSI

Off-T criteria: [igctref - i Het | = 300 (threshold value) and |A i"ge | > 300 (preset value)

[0134]) The methods of the present disclosure that may be implemented may be in an
electrochemical biosensor system, an optical system, a combination thereof, or the like.
FIGURE 8 depicts a schematic representation of one embodiment of a biosensor system 800

in which the methods of the present disclosure may be implemented. The biosensor system
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800 includes a measurement device 802 and a test sensor 804. The measurement device 802
may be implemented in an analytical instrument, including a bench-top device, a portable or
hand-held device, or the like.

[0135] The biosensor system 800 typically determines the analyte concentration of the sample
using calibration information stored in the measurement device 802. The biosensor system
800 may be utilized to determine analyte concentrations, including those of glucose, Alc, uric
acid, lactate, cholesterol, bilirubin, and the like. While a particular configuration is shown,
the biosensor system 800 may have other configurations and may include additional
components.

[0136] The test sensor 804 typically has a base 806 that forms a reservoir 808 and a channel
810 with an opening 812. The reservoir 808 and the channel 810 may be covered by a lid
with a vent. The reservoir 808 defines a partially-enclosed volume and may contain a
composition that assists in retaining a liquid sample such as water-swellable polymers or
porous polymer matrices. Reagents may be deposited in the reservoir 808 and/or the channel
810. The reagents may include one or more enzymes, binders, mediators, and like species,
and/or a chemical indicator. The test sensor 804 has a sample interface 814 adjacent to the
reservoir 808. The test sensor 804 may have other configurations.

[0137] In an electrochemical system, the sample interface 814 has conductors or contacts
electrically connected to a working electrode (not shown) and a counter electrode (not shown)
from which the output signal may be measured. The sample interface 814 also may include
conductors or contacts electrically connected to one or more additional electrodes (not shown)
from which secondary output signals may be measured. The electrodes may be substantially
in the same plane or in more than one plane. The electrodes may be disposed on a surface of
the base 806 that forms the reservoir 808. The electrodes may extend or project into the
reservoir 808. A dielectric layer may partially cover the conductors and/or the electrodes.
The sample interface 814 may have other electrodes and conductors and contacts.

[0138] In an optical sensor system, the sample interface 814 typically has one or more optical
portals or apertures for probing the sample with light.

[0139] The measurement device 802 includes electrical circuitry 816 connected to a sensor
interface 818 and an optional display 820. The electrical circuitry 816 includes a processor
822 connected to a signal generator 824, a temperature sensor 826, and a storage medium
828.

[0140] The signal generator 824 is capable of providing an electrical input signal to the sensor

interface 818 in response to the processor 822. In an optical system, the electrical input signal
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may be used to operate or control the detector and light source in the sensor interface 818. In
an electrochemical system, the electrical input signal may be transmitted via the sensor
interface 818 to the sample interface 814 to apply the electrical input signal to the sample of
the biological fluid. The electrical input signal may be a potential or current and may be
constant, variable, or a combination thereof, such as when an AC signal is applied with a DC
signal offset. The electrical input signal may be applied continuously or as multiple
excitations, sequences, or cycles. The signal generator 824 also may be capable of recording
an output signal from the sensor interface as a generator-recorder.

[0141] The temperature sensor 826 is capable of measuring the ambient temperature of the
measurement device 802, and may be a thermister, thermometer, or other temperature sensing
device.

[0142] The storage medium 828 may be a magnetic, optical, or semiconductor memory,
another storage device, or the like. The storage medium 828 may be a fixed memory device, a
removable memory device, such as a memory card, remotely accessed, or the like. The
storage medium 828 may store the computer-programmed instructions and calibration and
other information used in the analyte measurement, analysis and/or methods of the present
disclosure (such as threshold values and the preset values used to detect an off-condition).
[0143] The storage medium 828 also may store a normalization function and/or normalized
calibration information that may be used to back-calculate a secondary output signal from a
measured primary output signal according to the methods of the present disclosure. Such a
normalization function and/or normalized calibration information may be represented
graphically, for example as shown in FIGs. 3B-3C, 3F-3G and 31-3J, or mathematically, for
example as shown in Equations (1)-(5), (6)-(8) and (9)-(10), or as a combination thereof, or
the like. The normalization function and normalized calibration information are preferably
represented as equations, which may be represented by a program number (PNA) table,
another look-up table, or the like.

[0144] The processor 822 is configured to execute computer-programmed instructions to
implement the analyte measurement and analysis including the methods of the present
disclosure. The processor 822 also may be configured to interact with the signal generator 824
to, for example, provide the electrical input signal to the sensor interface 818, with the
temperature sensor 826 to, for example, generate and receive a temperature measurement (T°);
and with the sensor interface 818 to, for example, receive a primary and/or other secondary
output signal(s) from the test sensor 804.

[0145] In an electrochemical system, the primary output signal is measured using the working
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and counter electrodes in response to the reaction of the analyte in the sample. Secondary
output signals also may be measured from additional electrodes. In optical systems, the
detector or detectors of the sensor interface 818 may receive the primary and some secondary
output signals.

[0146] The processor 822 may be further configured to execute computer-programmed
instructions to start the analyte measurement and analysis (including the methods of this
disclosure) in response to the presence of the test sensor 804 at the sensor interface 818, the
application of a sample to the test sensor 804, user input, or the like. The results of the
analyte analysis may be outputted to the display 820, a remote receiver (not shown), and/or
may be stored in the storage medium 828.

[0147] Instructions to implement an analyte measurement, which may include determining an
off-condition, back-calculating a secondary output signal based on a measured primary output
signal, and/or cyclic compensation methods, may be provided by the computer readable
software code stored in the storage medium 828. The code may be object code or any other
code describing or controlling the described functionality. The data from the analyte analysis
may be subjected to one or more data treatments, including the determination of decay rates,
K constants, ratios, functions, and the like in the processor 822.

[0148] The foregoing description has been presented for the purpose of illustrating certain
aspects of the present disclosure and is not intended to limit the disclosure. Persons skilled in
the relevant art will appreciate that many additions, modifications, variations and
improvements may be implemented in light of the above teachings and still fall within the

scope of the present disclosure.
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CLAIMS
I claim:
1. A method of determining an analyte concentration in a biological fluid sample, the method

comprising:

measuring a measured primary output signal from the biological fluid sample, the
measured primary output signal being primarily responsive to the analyte concentration in
the biological fluid sample;

generating a generated secondary output signal, the generated secondary output signal
being responsive to an extraneous stimulus affecting the measured primary output signal,

back-calculating a back-calculated secondary output signal based on the measured
primary output signal,

adjusting the generated secondary output signal using the back-calculated secondary
output signal to derive an adjusted secondary output signal; and

converting the measured primary output signal to the analyte concentration value using
a conversion function with the adjusted secondary output signal to compensate for the

effect of the extraneous stimulus on the measured primary output signal.

The method of claim 1, wherein the generated secondary output signal is extracted from

the measured primary output signal.

The method of claim 1, wherein the generated secondary output signal is measured

separately from the measured primary output signal.

The method of claim 1, wherein the extraneous stimulus is temperature.

The method of claim 1, wherein the extraneous stimulus is hematocrit (Hct).

The method of claim 1, wherein the extraneous stimulus is total hemoglobin (THb).

The method of any of claims 1-6, wherein back-calculating a secondary output signal
based on the measured primary output signal comprises:

converting the measured primary output signal to a preliminary analyte concentration
using the conversion function with the generated secondary output signal to compensate

for the effect of the extraneous stimulus on the measured primary output signal;
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normalizing the measured primary output signal relative to the preliminary analyte
concentration to derive a normalized measured primary output signal; and
applying normalized calibration information to the normalized measured primary
output signal, the normalized calibration information relating the normalized primary

output signal to the secondary output signal.

The method of any of claims 1-7, wherein adjusting the generated secondary output signal
comprises substituting the back-calculated secondary output signal for the generated

secondary output signal.

The method of any of claims 1-7, wherein adjusting the generated secondary output signal
comprises:
determining a difference by subtracting the generated secondary output signal from
the back-calculated secondary output sigﬁal;
determining an adjustment amount by multiplying the difference with a weighting
coefficient, wherein the weighting coefficient is a positive number not greater than 1;
and

adding the adjustment amount to the generated secondary output signal.

A method of compensating an analyte measurement in an off-condition, the method
comprising:

measuring a measured primary output signal from a biological fluid sample, the
measured primary output signal being primarily responsive to an analyte concentration in
the biological fluid sample;

generating a generated secondary output signal, the generated secondary output signal
being responsive to an extraneous stimulus affecting the measured primary output signal;

converting the measured primary output signal to a preliminary analyte concentration
using a conversion function with the generated secondary output signal to compensate for
the effect of the extraneous stimulus on the measured primary output signal;

determining a first back-calculated secondary output signal from the measured primary
output signal and the preliminary analyte concentration;

determining whether an off-condition exists; and

if the off-condition exists:

determining a first adjusted secondary output signal using the first back-calculated

secondary output signal to adjust the generated secondary output signal; and
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converting the measured primary output signal to a first analyte concentration
using the conversion function with the first adjusted secondary output signal to
compensate for the effect of the extraneous stimulus on the measured primary output

signal.

11. The method of claim 10, wherein determining a first back-calculated secondary output
signal from the measured primary output signal and the preliminary analyte concentration
comprises:

normalizing the measured primary output signal relative to the preliminary analyte
concentration to derive a normalized measured primary output signal; and

applying normalized calibration information to the normalized measured primary
output signal, the normalized calibration information relating the normalized primary

output signal to the secondary output signal.

12. The method of any of claims 10-11, wherein determining whether an off-condition exists
comprises:
determining a first difference between the generated secondary output signal and the
first back-calculated secondary output signal, wherein the off-condition exists when the

absolute value of said first difference is greater than or equal to a first preset value.

13. The method of any of claims 10-11, wherein determining whether an off-condition exists
comprises:
determining a second difference between the generated secondary output signal and a
reference value, wherein the off-condition exists when the absolute value of said second

difference is greater than or equal to a first threshold value.

14. The method of any of claims 10-13, further comprising:

determining a second back-calculated secondary output signal from the measured
primary output signal and the first analyte concentration;

determining whether a second off-condition exists based on the first back-calculated
secondary output signal; and

if the second off-condition exists:

determining a second adjusted secondary output signal using the second back-
calculated secondary output signal to adjust the first adjusted secondary output signal;

and
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converting the measured primary output signal to a second analyte concentration
using the conversion function with the second adjusted secondary output signal to
compensate for the effect of the extraneous stimulus on the measured primary output

signal.

The method of claim 14, wherein determining a second back-calculated secondary output
signal from the measured primary output signal and the first analyte concentration
comprises:

normalizing the measured primary output signal relative to the first analyte
concentration to derive a normalized measured primary output signal; and

applying normalized calibration information to the normalized measured primary
output signal, the normalized calibration information relating the normalized primary

output signal to the secondary output signal.

The method of any of claims 14-15, wherein determining whether a second off-condition
exists based on the first back-calculated secondary output signal comprises:

determining a third difference between the first back-calculated secondary output
signal and the second back-calculated secondary output signal, wherein the off-condition
exists when the absolute value of said third difference is greater than or equal to a second

preset value.

The method of any of claims 14-15, wherein determining whether a second off-condition
exists based on the first back-calculated secondary output signal comprises:

determining a fourth difference between the first back-calculated secondary output
signal and the reference value, wherein the off-condition exists when the absolute value of

said fourth difference is greater than or equal to a second threshold value.

A method of compensating an analyte measurement in an off-temperature condition, the
method comprising:

measuring a measured primary output signal from a biological fluid sample, the
measured primary output signal being primarily responsive to an analyte concentration in
the biological fluid sample;

generating a temperature measurement using a temperature sensor,
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converting the measured primary output signal to a preliminary analyte concentration
using a conversion function with the temperature measurement to compensate for the
effect of temperature on the measured primary output signal;
determining a first back-calculated temperature based on the measured primary output
signal and the preliminary analyte concentration,
determining whether an off-temperature condition exists; and
if the off-temperature condition exists:
determining a first adjusted temperature using the first back-calculated temperature
to adjust the temperature measurement; and
converting the measured primary output signal to a first analyte concentration
using the conversion function with the first adjusted temperature to compensate for the

effect of temperature on the measured primary output signal.

19. The method of claim 18, wherein determining a first back-calculated temperature from the
measured primary output signal and the preliminary analyte concentration comprises:
normalizing the measured primary output signal relative to the preliminary analyte
concentration to derive a normalized measured primary output signal; and
applying normalized calibration information to the normalized measured primary
output signal, the normalized calibration information relating the normalized measured

primary output signal to temperature.

20. The method of any of claims 18-19, wherein determining whether an off-temperature
condition exists comprises:
determining a first difference between the first back-calculated temperature and the
temperature measurement, wherein the off-temperature condition exists when the absolute

value of said first difference is greater than or equal to a first preset value.

21. The method of any of claims 18-19, wherein determining whether an off-temperature
condition exists comprises:
determining a second difference between the first temperature measurement and a
reference temperature, wherein the off-temperature condition exists when the absolute

value of said second difference is greater than or equal to a first threshold value.

22. The method of any of claims 18-21, further comprising:
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determining a second back-calculated temperature based on the measured primary
output signal and the first analyte concentration;
determining whether a second off-temperature condition exists based on the first back-
calculated temperature; and
if the second off-temperature condition exists:
determining a second adjusted temperature using the second back-calculated
temperature to adjust the first adjusted temperature; and
converting the measured primary output signal to a second analyte concentration
using the conversion function with the second adjusted temperature to compensate for

the effect of temperature on the measured primary output signal.

23. The method of claim 22, wherein determining a second back-calculated temperature from
the measured primary output signal and the first analyte concentration comprises:
normalizing the measured primary output signal relative to the first analyte
concentration to derive a normalized measured primary output signal; and
applying normalized calibration information to the normalized measured primary
output signal, the normalized calibration information relating the normalized primary

output signal to temperature.

24. The method of any of claims 22-23, wherein determining whether a second off-
temperature condition exists based on the first back-calculated temperature comprises:
determining a third difference between the first back-calculated temperature and the
second back-calculated temperature, wherein the second off-temperature condition exists
when the absolute value of said third difference is greater than or equal to a second preset

value.

25. The method of any of claims 22-23, wherein determining whether a second off-
temperature condition exists based on the first back-calculated temperature comprises:
determining a fourth difference between the first back-calculated temperature and the
reference temperature, wherein the second off-temperature condition exists when the
absolute value of said fourth difference is greater than or equal to a second threshold

value,

26. A biosensor system for determining an analyte concentration in a biological fluid sample,

the biosensor system comprising:
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a test sensor having a base and a sample interface,
the base having formed therein a reservoir for receiving the biological fluid
sample, and
the sample interface being disposed adjacent to the reservoir; and
a measuring device configured to interface with the test sensor and having a sensor
interface, a storage medium and a processor, the processor being connected with the
sensor interface and the storage medium and being configured to execute computer-
programmed instructions to:
receive, via the sensor interface, a measured primary output signal measured from
the biological fluid sample in the reservoir, the measured primary output signal being
primarily responsive to the analyte concentration;
receive a generated secondary output signal, the generated secondary output signal
being responsive to an extraneous stimulus affecting the measured primary output
signal,;
back-calculate a back-calculated secondary output signal based on the measured
primary output signal;
adjust the generated secondary output signal using the back-calculated secondary
output signal to derive an adjusted generated secondary output signal; and
convert the measured primary output signal to the analyte concentration using a
conversion function that is stored in the storage medium, wherein the conversion
function uses the adjusted generated secondary output signal to compensate for the

effect of extraneous stimulus on the measured primary output signal.

27. A biosensor system for determining an analyte concentration in a biological fluid sample

in an off-condition, the biosensor system comprising:
a test sensor having a base and a sample interface,
the base having formed therein a reservoir for receiving the biological fluid
sample, and
the sample interface being disposed adjacent to the reservoir; and
a measuring device configured to interface with the test sensor and having a sensor
interface, a storage medium and a processor, the processor being connected with the
sensor interface and the storage medium and being configured to execute computer-

programmed instructions to:
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receive, via the sensor interface, a measured primary output signal measured from
the biological fluid sample in the reservoir, the measured primary output signal being
primarily responsive to the analyte concentration;

receive a generated secondary output signal, the generated secondary output signal
being responsive to an extraneous stimulus affecting the measured primary output
signal,;

back-calculate a back-calculated secondary output signal based on the measured
primary output signal;

determine whether an off-condition exists; and

if the off-condition exists, adjust the generated secondary output signal using the
back-calculated secondary output signal to derive an adjusted generated secondary
output signal, and convert the measured primary output signal to the analyte
concentration using the conversion function and the adjusted generated secondary

output signal to compensate for the effect of the extraneous stimulus.

28. A biosensor system for determining an analyte concentration in a biological fluid sample
in an off-temperature condition, the biosensor system comprising:
a test sensor having a base and a sample interface,
the base having formed therein a reservoir for receiving the biological fluid
sample, and
the sample interface being disposed adjacent to the reservoir; and
a measuring device configured to interface with the test sensor and having a sensor
interface, a temperature sensor, a storage medium and a processor, the processor being
connected with the sensor interface, temperature sensor and the storage medium and being
configured to execute computer-programmed instructions to:
receive, via the sensor interface, a measured primary output signal measured from
the biological fluid sample in the reservoir, the measured primary output signal being
primarily responsive to the analyte concentration;
receive a temperature measurement from the temperature sensor;
convert the measured primary output signal to a preliminary analyte concentration
using a conversion function that is stored in the storage medium, wherein the
conversion function uses the temperature measurement to compensate for the effect of

temperature on the measured primary output signal;
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back-calculate a back-calculated temperature based on the measured primary
output signal and the preliminary analyte concentration;

determine whether an off-temperature conditions exists; and

if the off-temperature condition exists, adjust the temperature measurement using
the back-calculated temperature to derive an adjusted temperature measurement, and
convert the measured primary output signal to the analyte concentration using the
conversion function and the adjusted temperature measurement to compensate for the

effect of temperature on the measured primary output signal.

29. A method of back-calculating a secondary output signal based on a primary output signal,
wherein the primary output signal is primarily responsive to a primary stimulus and the
secondary output signal is responsive to an extraneous stimulus that affects the primary
output signal, the method comprising:

normalizing the primary output signal to a corresponding value for the primary
stimulus to derive a normalized primary output signal; and

applying normalized calibration information to the normalized primary output signal,
the normalized calibration information relating the normalized primary output signal to the

secondary output signal.

30. The method of claim 29, wherein the normalized calibration information is generated by:

measuring measured reference primary output signals from a plurality of reference
samples, wherein each reference sample is associated with a known value of the primary
stimulus;

generating a generated secondary output signal corresponding to each of the measured
reference primary output signals;

correlating the measured reference primary output signals to the generated secondary
output signals for each reference sample;

extrapolating, from the measured reference primary output signals for each reference
sample, an extrapolated reference primary output signal value to a designated value of the
secondary output signal;

correlating each extrapolated reference primary output signal value to its
corresponding known value of the primary stimulus to generate a normalization function,
wherein the normalization function, when applied to the primary output signal, eliminates

the dependency of the primary output signal on the primary stimulus;
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using the normalization function to normalize the measured reference primary output
signals to derive normalized reference primary output signals; and
correlating the normalized reference primary output signals to the generated secondary

output signals to generate the normalized calibration information.

31. The method of claim 30, wherein normalizing the primary output signal to the primary
stimulus comprises:
using the normalization function to derive a normalization function value from the
corresponding primary stimulus value; and
dividing the primary output signal by the normalization function value to

determine the normalized primary output signal.

32. The method of any of claims 29-31, wherein the primary output signal is measured using a

biosensor system and the primary stimulus is an analyte concentration.
33. The method of any of claims 29-32, wherein the extraneous stimulus is temperature.
34. The method of any of claims 29-32, wherein the extraneous stimulus is hematocrit (Hect).

35. The method of any of claims 29-32, wherein the extraneous stimulus is total hemoglobin

(THD).
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Flk, 53X LR B R 2 T B S BT E R TR R R E

[0014] =4 H 5 S B4 AR B T 0 E B R TR A A A8 25 LR A B ARl H
BT S AT BE B R TR 0 15 5 R P B e i B SR E SRR RIS TR W I 55
FAE VMR R R ES IR P A1 SR R BRI - i () W B A R BN BEASAE 5 A A S8, B o
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YR M AELE A Het) T2 BAE R B8R EA R R LR RS HEEE.
B, REMBRIERM, Blin S REA /NS R BLE RG T ER FEAR R &M A
5 AR A R B8 o g — AN BR 25 A B MR 2 ) Y T e A L R B PR AR AR 5 DA R AR A% R 2R
ek Z ARG 25, BRI &R/ a8 R 2R 4L | s AR T AR/ BRI BRI B0 5
[0015] 4kl Esm B 4R A4t B A R E AR B X P s R E v R 8L
WAL RS R A SRS B R B 2, RRAE Al E B EEF NSRRI IR AU R 2 LA
EFNE, F AR TAERNER, K5E RS LS EIEATHEINIETT & Ei, REE
BEEAL HHE IS SN SRR R , AE M B AR vk B P 2 I X L R v {5 T e R A /)
o

[0016] 44k RUMVE B B2 B0 PR B IR SEASAERT , H 2w Rl LU IR (5 SR #ATE
W, BZREHHESNTH B ES PRI, BB S AEESREARNEENS . Fln, &
B ARG, T 5 (5 tnHet%%) M SRR EH B ES TR T EEAK B
AN MRENTHBESRR (B, EE2HBN8“ETRERHE (Slope-Based
Compensation)” #IPCTAFFNo. WO 2009/108239+ 15 5% 1 s I LLR4/3\R5/4F1R6/5, LA R 7E
LN BEREHBESHETHER #ME (Slope-Based Compensation Including
Secondary Output Signals)”HIPCT/ FFNo.WO 2011/156152A1 4K EE K B A He t kA aI ]
PR AT B AL F) L BRE FT LA B AR AR IS, % T AR ATV E S 5 AT IER
A1 E FR 4 vk B B B AR E BRI A AW AR BRI A A (i, 5T RN
ARE S A RAA Y. R, Flin, B T4 5 (BIanTHD) T 3R R HK
S S DUE AR AR T TR RN KR A E N L A @E g Fm, £A0N
P FEAN B AE B BT AME (Analysis Compensation Including Segmented Signals)” )
PCT/AFFNo.W02013/043839A1F1 A FR Ay “ 43 #7 H0 ¥R BE WU € I AR HE AL AR 1 (Normalized
Calibration of Analyte Concentration Determination)” #JPCT/AFFNo.W02014/
159077A1 P B R RN E) FE—BIER T REH S5 7 L 55 R BB E A R
B B0, 3E N R R b R A RS AT L B RIE E T SRR E S 7
KRR B 5 S 58 BB AR R B , MR (X B AR 1 SR BR BE RO B U B

[0017]  fnASCATE BT, BV T EEST S E N E ST ENE R, R E REMEE
27w LR F S SR B R 4415 5 Bt S ARG RS AR AR NS E S B A R
a1ES, B W LR 5 RS T HRERR SR FIEUE .

[0018]  F-F¥4 4 15 5 5 B pi 4 T 0 R O 6 40k B 50 mT LUCR R AR G HH 5 5 SRAM2
R e A1 Sk K B B 0 o ) G, 00 BB 0 4R B BT UA PR T M R 145 S DU SR v R s R RE A0 A
Yk B, B0, tn7E 35 E FNo. 7,781,222 (“E YR AR R AR E W AT Y E
(Temperature—Ad justed Analyte Determination for Biosensor System)”) HETiit
M FE R — R Pl SRR S ARG N E SN S ZREE, flm, mEXE £
FINo.8,744,776 (“BFEIBERE N E TR E K J71% Method of Determining
Analyte Concentration Based on Complex Index Functions)”) FIPCT/AFFNo.W02011/
119533A1 (“4E WAL RS2 1 ol 2 #M22 (Residual Compensation for a Biosensor)”) #Frid
W HFAE (Normalization) W AT A AT M XM HAE S5 ER /MR BIE m sug K&
JNAK, B8N, I ZEPCT A FFNo . W02014/15907 7TA1 (“43 ¥y 40 ¥4 FE T =& Y b AL R HE
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(Normalized Calibration of Analyte Concentration Determination)”) FEFifiHY.
[0019] B SRMGXFhAME g0 N B # B B P 7T LA OB AE AR AR R Bk e (BT
SRIFTEBR R X FhAME VA B A SEIR BT R AL, ZEL I =, ATLAER BT
HILRE&M S TEERNERE R KL R EE AN FRNEE RN, XF %
P00 5206 = IS T B8 ToVEHE R M R BRFEAT I B 44 R L E 242 LR E 54 T T REAH
e V35 B B 02 v T b kM2 7E SEBR U B 4 T A SRS 5 E SRR Bl A, R iR
E A 4L R ER 2R 0 IR A R BRI B 10 IR B R AR WA R A R (R AR S
AT (B, YFRRANEBLEELZRR BI0~10C) REFERR (Blin40~45
C) R EERET , SR G S A FI7E 18 (14022~25°C) TR = W B A5 B AR ) 1%
BB ERE AR OL 7R 5B — =, B Tt 5 B e AR B 5%  Het 15 S ME A B 7T B R A iR
B

[0020] IXFMBEVLBEFRN T &M (of f-condition)” , FEZIEMH , IRFEEHES SH
A EBRENSEENCEM/RE5ETEHHES TR KREMHEESALE. 5ER
B &AET AT AT B R AR R B E S RAMEERBESSES T IIE
BB ABRAMEZE Y AT ET PRI AR A B8R R VE R RE A T B 2 HY B o 33 3 2% A
B I 7S B8 B 5 2 e B BT ) 3 B AT AN I LA R IR B 45 5 T SRR X MR E .
[0021]  RXAFFHFTEMN ARG B AR ETEBARPRX R A ED—E 7.

REAAE

[0022] —J5T, AAFHRME T —Fhil e EVIRAREA T AT IR IE R 7 i T B E B
REF 4309 BE B0 50 5 5, 3048 B B2 T B4 i 4 Hh 5 5 B0 S0 SR R IR e 43
B ETNENEHMBESRRAFEREHBES, FAEARATENREMEES
Sfe A B AR B YR G 15 5 oA FR R FR VA AT YR 0 H 15 5 SRAMER ST SRR 0 B )
HH 15 5 B B R ) S e R SO I B 5 R SRR AT IR K

[0023]  H—T, AATHRMET — B I & B4 H A S A R FH 5 5 RAMRIE
REFE TR BK TS, RS S R 20N T AR AR T K 719
FEE » 12 UK 6 H A 5 e LT B 0 A H A 5 0 4 SR AR A PR PR AR AR B TR R 5 SR
A Sfe ) o B AR = o 1 5 A S I 1 e e BR UK U B PO S R A S R R BT O
FIRE B TR E5 HE S B T IR R — RIATERN RS m
S MBHEEERE &M, WE S — R E BRI SR 5 R R A U R S
S5 UHE S — ARG S S A R S — A IR S 5 5 oRAME S SR
SRR B S A B R R B RN R E S BB — TR B — sk
HET Rep, 2T B Ei (5 5 M — TR AR B R AT R KRB AE
B nBETE - RA R ER TSNS ZRETERNRER L ESHEFERT
&4, MRS ZRETENREABESRATE - ATHRERLESURERE A
WOWREHNIES, FAEARRREANE ZFENTHREHHESHNENERHESH
B AT IR BEAE CAAME ST SR RIS 4 i (5 SRR

[0024]  B—J5T, AAFHREET —FiEI I & 40 5 5 (8 R B A% B AR A ARIE EE U
BE SRAMETE R IR A T I AW U B A U5 vk o A58 PR ) PR L R U0 B R i R X
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B 15 015 S R A B R S0 MU B A S S R RIS TR L AU R
EH S B RIS TR BER B E B — R E KB . R E FER ERERN,
T {55 PRI — R 140 SRR BE SR VR TR BE U 48, I LG AR A3 — T iR BRI T R
St P BB ) 2 155 R B 4 0 B K U B A MR SRR — TR B
[0025])  F—F T, AN FRE T FHFLRA SR B — MBS MR EWERER
4.

M3 E1358 RA -

[0026] 1A T FTAME- M E b Sh SRR B 4 5 M GRA B T7i
[0027] 1B T T AMED Y00 E F Sh R IR B A0 0E3F 5 %

[0028)  [E2AR R RE S WDk BE I i) — A SEHE 5]

[0029]  E2BR W RE S T4k BE Y A7 VK 53— SEHE )

[0030]  E2CE R RE S ATIVR B F7vE 55— B

[0031]  PEI2DZR I TE 24 Pk FEE F) 75 2 4 53— SEHE 451

[0032] AT T EANVSISHHE AN M ES AN THNEREENE.
[0033]  [EI3B7RH T AMERI22CH EMH 5 5 MM FYSISEHE KRB,

[0034]  PE3CRH T @ BRI AElL 77 i i R BOARME AL B E 5 A5 SARX TR RE .
[0035] [ 3D7% M T A4 1 P B 3CHT 7 HUAR VAL B UK [0 T S5 K JRLBE B0 1 T HHE A BE P 3R
¥

[0036] [EI3ERRIESFRFES LMW T H/E NHet & RN HCHE S 1 R

FHHES.

[0037] E3FFEFAMEDinc=2000mVEIHe t 15 S AN FYSI S % 5 & MK P R AEAL B’
.

[0038] 3G R AT R E B FELK S HES B ENHtHETHRERSE X
i

[0039] [E3HBRIEVFARE S %-AlcHRE FH/E R E & RENEER THE SR E
B EALAS S (RETR) .

[0040]  EI3IFRFAMEZIRm=0. THITHOE SARR F 5% % -ALc/KFRIFRHEL R EL.
[0041] E3J%FATRETHETHME S AL SH RN, Hd, &6 T THb{E 548
S FARAELA LS S I RN£R .

[0042]  [EI3KRH T VT FIF R A o SOk G th 45 5 B Am v AL B AT HE S R A T VR —
AL -

[0043]  PEIAAFITR /MW DU JEE U SE H B 5 88 4% B G S VA R — A SR

[0044]  PEI4BZRIR AT AR BE U 52 F ) S8 S 1 BV 190 R T R B0 57— S B

[0045]  [EISATR i T FIRE LA ERE T HfE 8/ AR NXF RN =R 20
(WB) & FE VR BE M B E 5 SR

[0046]  [EI5BAR H T FI 22 °C T 44 R 88/ AR 7S R IRIRLBE T 9 TUBRAX AR 2 I A A
[F BB &7 4 IR B 0 Y B P i A5 S I

[0047]  EISCRH T ERH B 44 T 1 R RAEAMER AR R R EH T Y

12
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52 R D2/ 6 — 22 0 0 B S i 15 S B I B AR T

[0048]  PEIGAINH T 2T WUBA E M 155 H0 R i vH B0 IR BRI & £ 5 SR
BLGRERME.

[0049)  EI6BIR HH T 4 i BL 7 U6 B M B 8 4 B 00 L (B P) R () RV P AMEZ
(IR R — A SERAE TR A (@) FUUE R H B KA T AT RA R MR e
RS R — MBI A (O) MamlEF i RE/ %-REURNEEHEESH
F B (SR B R

[0050]  EITAFIRAMEIE R BB B KM T FT BRI T AR — K iE6 .

[0051]  PE7BIRH T 3 AR B A 7R R AR 2R i B A I BE M I e e R A TR 3R L A
AR E P B R/ % IR ERT .

[0052]  E8RAFIRIBARNIFI LML RGN — LM«

BRI

[0053] ARAFFIATMTHE, EHTHIES,ETNERERHDESRRAHERK
S S, 3R R A T BB YR G A5 5 SR A B A MBS R RIS A5 S AR
ETFIER EWHE S K RATFERN IR TS Bt RRENE F R E 5K X
S AR T AN SRS B0 , 3 BLER b BT R TR 8 (T A L I O A, R B AME R R R A
T 51 AR A IR 2 ) AT 32 8 20 B D R L A O HEE R

[0054)  E1AZRH T FFHME AT I o AP RN RE MR ) B T 15 - AE AR AR R G
WEEHBES . NERERHES EERN T ERRERERT KT RE, B8
Sfe B S 43 5 0 R S R R RO FEE A SR UM (5 SR AE W He't W THDAE) B MR R o O T 4=
S B SR RIBRA B0 , A A4 R B R0 TT LA il i AN B S Y A5 5 TR SRR S e
BB B B B B R B AR S S A B B T A SRR IR G 45 AR ALAMEZ
TR, TR 8 (55 FAERN R G S SR B R SRR A
HE R R R A S kv T B R S B AT 4T S SR BB R M g A, TR R U
i 4 15 S BRI TR

[0055]  ER AR5 MBI 40 45 5 AR B IR i i 5 S\ B R e R 3P DLUSE 2 A
AR FEE B 3 o B 1) S R T BA T PR AR T SE R 0 AR SR AU B » (ELR i B R i AR RS
Be A I 548 BRI IR B A5 S AR R B IR 2 X PR Z VT AR ML E TR UL AR, fildn, S B
HE FR I VR 20 50 H 15 5 s 1 ER e A ARS8 3 (31 AU THb A 5 I T it ) BRIAL % el
iR (e T 15 5 i T A% H I0) T H 4 A, B 29 2R AR IR G HH 45 5 R IR IR AE
WE 55 S A WIRAREA R SRORME B, LM ERERREEREIRRE
SRS/ REAS IR B AT B8 L) A R B B (E S R R B YRR, AR
[ 50 15 B AT AT T A1 SR RIS B A A MR T RE R AR BUR IR E , B AT R E 7
AT R FEE ) R PO VR A o

[0056]  BEH1BRH T ARYE AL FFHY AT AME S AT P00 RE o SR BB S O TR 3 775 o AR
PEARAFF, MR AE AT LA R 0 BRI FFAA , Foh R R B E5 S S A SO IR R S
B4y N BRE R Brh LA E VIS AT DR B SRR I AR A AR BRI B B Rk R M —
ANFHIN , UUE I M S SR R R AR RR Y R AP B R HES
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&5 WS RER/ RN ER M E SR/ EYE T RESHOEERER,
ETFMENEHEEERATEREHEES BIHWERRTENREHBESK—
A BRI T R ENREHEESHSHERMNEAERPHREH D ESERERTHAR
I T TR R S B B RN R R S S kA R TR R IR R R S R A
RHIR RS S AR EH EES (SNEN EREES — B BRI #ER R+
DL 5E 55 — FME2 i S TR B o B PR RR T LA SERE— MBS 2 AMERR , B0, SERE T 2
B EMTEIR, BE S B0 B RN k.

[0057] B2 KW, @i RRETERIRERHHES RIATERNREHRBES WA
BB R BP R E TR G DS S S F i RN E F 58 55 R SER &4, I Bk
FBHR E A IR Z i B B RIRE  H M, A A FFR PG FR L FE 7T LA SR i 23 A 00 5 1 2
BHERE,

[0058]  [EJ2A-2D7~H T A AEMIEA AT BEHR SRR LKL ZHK— LB K.
[0059] EI2ARH T IRAEE 200, ZIMFEE R T R AL T 19 E 23 A PR BE R 75 = /Y
—AMMERLH T RPN — SR S0 FHEMERB RGN ETMHES . E
S SR N E B R T ST IR .

[0060]  7EHIE20270 , AR KFEHBES XEHMBESHAETEZMNEN TMBESH
AR B, 3 Bk F B E S T LB A E R E5H A S P RBUR M HE T RER
Bl tn, In7E B R “BEF 2 R #ME (Slope-Based Compensation)”BIPCTA FFNo. WO
2009/108239 B 4 B& (4R B B A EL R4/ 3 W R5/4FIR6/ 54E Jy i B T He t 7K B R S it {5
= BE INE LN “BREREH B ETHETRZERFMZ (Slope-Based Compensation
Including Secondary Output Signals)” #JPCTAFFNo.W0 2011/156152A1 Fr#k 5% K5
FE A He t By i T 5 FE YR 40 A v 0 B S P 51) B oo P B e Py 4o R 2% B A e
PR K P R B g ) B R SRR 5 S SRR AR (Bl BnAE B FRCA “BFE S BUE S HI A b
% (Analysis Compensation Including Segmented Signals)”fIW02013/043839 ALFf14
RN DR ENER R HE (Normalized Calibration of Analyte
Concentration Determination)” BIW02014/159077A1 = B 1 & i1 FHIR BEAE R B 1T IR
REIIE, B8 A 5 B 228 1 SR B LT THbZK P R 5415 5) - 2P 3201 F012027] BALUE
AR HRAT , B E W] AR B AT o

[0061]  ZEH 32037, AN EN MU EEASR/RANEN FHHESFHIER
B, W AT DR ) B F B T E SN ER AT EREMEES. THSH
B 3A~3J75 i 3E 3118 B F IR B T BLIR G S 5 B 7 VR — S SE R

[0062]  7EB 92045, 1 A & A1 T+ B AR B S 5 SR AT AR W% IR 38 R IR
g5 S 7ES 2050, R BAT RIIR R 55 ORE B HR204) KAMES KRB
SR 2% E SRR MR B R RSN M E SRR IRE.

[0063] E2BRH TRBE210, ZRBERH TRE\EALTFHAIMEERHE X4 TR
Y B VR — MBS T RPN — RS R ES BT [EREERS RGNE
FHHEE, EESE220 ARG N ES B B2 12127 BALMEMITFF AT » 3L
Z77 LA FI AT 33647 - 725 BB 21370 , {38 AR P AR R B0 TR i Hh 45 5 Sk AME A SR RIS I 2 1) =
0 1 25 B 1R B 1) % 960 R B0 MU BB B 3 18 S I MR AT D e T IR B  FE P BR 2140,
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TR ERHESRUER ARSI LSS, WL TS REA~3JFE— it
1. S EASEHR T FERRE KM  LERNREHHET H 0 &R RREP M
FER RS E R IR/ 552 T I & 4 A5 5 B TR A R R = S A LA
ARSI R E &M THZBEWARNBBRHEATEATHERTEERTFMEN
JVER) — R .

[0064] INRBERFERE KM E2MEHNERA D) WA FERNHE
AR B B AT BT B3 — 5 A, (R MU TE S PR 216 4R , BT 5 AT 4 B mT DA AR
R RAEME AT MEE.

[0065] INRBEFERFEFME E2SHERNBERAR) , WA R EESUHEX IR
RS B g BEAT AR Ah M , B, ZE S 217 3 B R TR IR B (B SR AE
FRER S S S e — LSt T R, AR R IR U R AF 5 7T AR 18 T B IR R
(EESBH T2, ARSI A TUSRE TR A EE R ST ER K
75 R, R TR IR G A 5 0 — 304 T LU T IR WA R IR AR S AE S
SEMEAT R, R AT R G 5 B AR UK IR G A5 S 2 TRV ZE A R — AR 43 AT DA
VRN B A RO YR G 5 B LAt A B IR R R 45 S BT T R R218 A A A
5 B K 4 S 1 5 SR M SR A A B0 B 8% 4 R 0 I BB S H B SRR AT T
WEE, S RFRE Z T HNEE.

[0066]  FE2CR i T RAREI 220, IR EURH TAREAAFFHRIAMEER T R AET T
I B I TR B AMEERSE I T SR — Hb IR FETRAE B 220 TR B SR M T R, EREAT
1B IME, BRI BEERE R,

[0067)  7EBEE221FF, MR MG R B RANE EMHE S AP R222P , ERIREK
W5 B o P TR0 RN222 W] LA DM IR AT , BRE AT UA RIS 4T 7220 BR223 7 , 45 PR A
FE R IR SR H 155 SR kM A ke o YU B ) S H A S RO R MR B R T R SR U B Y
S S BRI S TR .

[0068] T LA { P4 s8nRAT S AR BB v B0, o HLAE S BR22470  BinE N1 AED
2254 FFIGTEER , bl T2 RE A~ AT — it b i, T MEN EMHE SR
(1) AN HF IR BE SR S MR HHE R G A T X Tn=1, 28 (-1 MR
R 7E S 223 R VIS AR E S R226 B W R T HERK K. THSHEHA
FUE 4B B AT 0 T M R T AR AE 5 AR AR I v ) — ER ST ol

[0069]  fmER226MIZ IR E “F”, WK (n-1) NI TR ER S RO EE, P
BR230F 7.

[0070]  fmER226FI AT MR E “&7 , MFELS BR227H , i8I Bl 4n 68 A SEn A R A THR G IR G
BB SR B (-1) MAWIIR B HE SR E B MR B ES X Fn=
1,5 (n=1) MY R B 5 S Rk B B o220 A IR B B 5 . R — BSEHE T R
o, AT BABE B A R BT B IR S B 5 SR B R (0-1) MR REMUES KT
2, BN ARG E S TUSR T E RE TR ERM B ES AT
gerh, AT DA A AN R I T B A AR R A B 0 — 3R 43 SR T 28 (n—1) AR B TR G e
(58 B HMOSEHTT R, En R A HE RGN M AE S M -1 MRTTRI RS
(52 2 A i) 2 —E 4 T LR IR NS (0-1) MAFRIR G A S LR oM ET
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RIRFREES .

[0071]  7E:BBR228% , {8 FIF Al Bn AN 3 B0 VK R4 H 15 5 SR FME S SR Bt B ma B 5
RECE N ER EH S S H TR BN TR E.

[0072] ZE5 2297, {80 3En N1, Bin=n+1, TEEBR2254 T 46 75— & . ER G (F
12225-229) , HE| ¥ &4 R EAEE EI226/ B HHRE “F”) , A58 (n-1) Mtk
B A EE CPIER230) .

[0073] E2DRH T RAEE 240, Z AR H TRBEAAFWAMEERE K4 TR
Y BE FTVER B — AN B LT R — RSB AR 240 R SEE T R 18
BAMEER T HE (&2 FTEFRRE.

[0074]  7EB 2417, FAMERBRANETHHES , F LELR242P ERK K
S S B R241 2427 UL LEAT IR 44T , B3 7T LA B B 34T . 2220 R 243, 3 I A
A BRI IR 0 45 B SR Mz Ah SR vt U B 0 3 0 L A5 5 B S M 1 R R BR MUK WU B 3
55 H BRI P TR E

[0075] BB HRBEFEREERMG: THSBEANEWBRHENTRHTHERT
FERE R TR — LS.

[0076]  fnER244F9EHWRE “F”, MWL 2 Hr iR B G AT B , P R251
FRi7R o

[0077]  4nER244H2E WIRE “R” , M BT MR AMz 7T DS A THE B n sk g KA B8
RH, 3 BAE B IB245 , Knif B N1 TE S B246 0 FHUEIEH , A tn LA F S RIE3A~3]
Bk — i, £ FREN % B ESE (-1 N AT R BRI 2 B & 8 THEH)
RERBES XN Tn=1,5 (0-1) N IR E R 1E L BR243 7 52 IV 2 5 A Rk
[0078]  7E:pBE2477 , BT B nfE AEnA R ERIREHBESRKRIFETE -1 A
FHHIREF B ESRBESEANBTHOREHEES =1, - METH RS
HAEERRE S B2 R KRG B ES E— S RP, 7T ME A EA R E T
EHREHBESRELSE 0-) MEAFHREREES RS2, B METHIRE A H
EETERTF BN RETEHREEHES LML ES R, 7 LE A R E
HEHREHBESH—HARBHE o-1) MERKIREHMBES LRI TR
AL, B MR AT E R G R ES NS o-) MEATHIR S HES Z B EER — 59
A LARIMEEE (-1 MAWHR B ES, UHAEEn MR IR HES .

[0079]  fEEEE2487 , 18 FAFI A Bn N RIIR G H 15 5 SR MR S0 R R 52 1) % R
RS NER EH B ESEREBN T ITIIRE.

[0080]  HIE249E HinR B & T 2 M BT UHIN. R P IR249M ZE Wik | “&” , K 2n
AN FIR RS T B A , N BR252FT R . iR 249 B WIR E “B” , MED
250 T S 3eng N1, Bln=n+1, 3} B7EB R246 L FF 1R 5 — 1B 3R . ER G (B IR246-
250) , L EIn=N (B 24901 Z iR [E “&”) , bl BN ik B E A ir N EE CF
1%252) .

lo081]  ETLALARFEI M5 M PIEH EH S S RATEIREHBE S, BlanF R Fhm
HESS5AIEN THHESSHIS BRI S BRARRME. Fw, 7T EME R R
PBE BT EER ERE RS (decay constant parameter) Z 8 ¥ AH R Mk R A v
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BOR R, BN, i E L FINo. 8,425,757 (AR A LA S AR RHANSIO F AL H .
[0082] A HHEREHMIHEAS S M B — 5 R4 AR & B 55 T ER S
B2 B I EFTR, B TR E SRR TSR, TERRT o IRE,
{E B e T35 0 % —He t  THOAE I8 BE S5 00 A0 Sl i B R v AL B (B S IR R 2R R
B A e R A B R B/ AR B AR, AR et R AR — N B R AR . B RR 9“9
M ook BE I SE I AR vEAL AL ¥E (Normalized Calibration of Analyte Concentration
Determination)” IPCTAFFNo.W02014/159077 Al—R&SRiHIRAL T o FARMEL I B 401
Wi, EHAMA AU BRFRIFEAL . EHHE S HER R E STk
FE R B LA 8 5 15 S R B IURIR T SM KRB AR AL 7T BLE I & P 7 IR KT
B, 7T LUE T 8 S SR UL AT IR B R B A B U (unity function value) RAE
FH B SR AT R, T DAAE BRARUEAL R 3, 3 B ER S S SR BUER
telE FER R E R HES .

[0083]  [EI3A-3J7R i} T A RRARVEA B EUAAREAL B E S S — 07k, Horp AR
B =% 15 B T X R BE R AR B L 3 BAURB T IR B B 5 - AT DU IR K
S S SRR TR ES 2 B E MR LR M T EIR B E S B3R T
BEEE3A~31 B T AR AT R A IR G B 5 5 AR AL 3R OMAR YA AL
HE(E B — PR mAEE.

[0084]  [EI3A~3DsRH T 3& FT-Ks 3 B mp o T 8 45 8 VR B 1) 5 B S S AR AR AL 9 (AR
BRI bR — 5T

[0085]  [EI3ATRH T AE SRR & FHRE T H/ENEE FEZRFIFRIREHEES) PR
B EEEES FEZRADIERBED WE L8 T AYSIHEESH A FERK
23478 4ng/dL (@) ,329.5mg () F1559. 8mg/dL (A)) MEMK B &S5 GRENEITES
A AFER LR B 5 . 28D [ G5 RE R (ending current) , “5. 2sBS FREL IR (mV) ™) AHXT T H
B (18 P A RS B IR B (I, C7) I  FEAE BB BART /R I BB I, 45 RS A%/ 1
38 FE A BACE AR AR AP EANYSTE SRS S AN L RIBENE — &4 HE
EEBAF R TEASKMHENEIRTE.

[0086] EI3B;RH TAMERIFEREE Q2°C; 2 NEMAFHNEEER) H BN TSEHE
R SR ST S BTG BERE 220) MARENYSIHEES AN EIA
HIERRIKBIMER B EREE S, NTIBEIU T =418 :65.77.366.86/1553.12 (&
WHE, mV) BT E 3B AN A — £ 2R, SR AT B VA AT EUAE BN T B s I R
RS TR (D) -

[0087] y=1.0122x-14.577 (1)

[oogs]  H.ob,yxt i T A FMEARUEAL RBUE R T8 5 S E, x X M T H&E M (O34 &
B TEZ ST P, (5] V31 5 A8 R 20 AT 0k B 1 2 1k B 2, (EL7E F At SE 45 v, [0 VA 5 R AT LA
2R BRI R

[0089] EE3CL | T AR A HEE S (“hRuEL iR ABX FIRE CIRE,.C) A,
H T T ARG 2% S S AR B 2 18§ MR o5 T o B 3CHL R B R P AN FR) A A 4k 7 5 T
ERFFELEE RS S RS (@) 25IREMNEERES AL &R
B NN ENEEEES (s SCMYSISEHE IR EEN R R EE B, £
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S04y HTIVR BE I BE T 18 B B0 AR AL B R AE) O LR GBI IS B & HE S 5 (is.2) BREL
B2 (1) BN T MYSIS R E R EME ) PR R BUERHE A2 L IEFE (O)
HIAFE L AR S R ECH M TR L HIM BRI B & 5 S5 5= )3
R ki AN R ACIWE RS @

[0090] vy =0.0333x@+0.1962 (2

[0091]  y=0.0354x+0.2077  (3) H,y @R FiEd IR 52 MYSISHIRER H
A BB L A T AR ME AL A 5 5, 3 Hy o ST FiE S U S iRl R BUE 07 (D)
L BT AR B S RE S, x @ Flx o 3TN FIEE . B 3CH R BN E M5 E (2)
NG RE TR EEREES MEEZ RXR. T HRE Q@ Q) EEAKER
Ve B BT E S IR BCRE R T s

Yoy —0.1962

[0092] xuﬁ%ﬁé%ﬁ_ )
e s — 02077

[0093) gy = Z@W .

[0094] ETIS MBI EEHE GR35 SinE o NAHRI & 5 (O 1) IR 3 H
AR HEAGAE | SRS AR AL R vE (S BN B FARuE L B BT &8 (5 155, WL il 4o
HEE (4) 5% (5) B RMIFRUEL B BT RS S AEE 2 A M o< R FTEE W R it ERIR B (R
FEHE D) KRR R

[0095]  PE3D;RH T {E AR (@) M (6) R AR ER A THERE. ERGE @ =X 6)
BB R T BB (Tealo) 18H BN T IREVEE (Toces) K FHRE) , LR W
9 A T="Teale-Taeas H0. 0°C AR R M HHE R EH 7%, B F 2 o R SR HERE.
[0096] EI3E~3C~H T 1% AT = w7 T4 &5 PR U B 1 6 U8 S e AL A DU B
Hetf55 GREHHET) HIrrE L — L8 75 1H .

[0097] [ESERH T ESMEERE FH/EACtES (e, ZEZRHIH RS HIE
By M RBOE G ER (o, ERRATNEHEED) NE2H T NEBNSIHEES
HREA (ERIPEK T RT4.9ng/dL (@) ,348. Tmg (M) F1528. 3mg/dL (A)) WEWHEHEES
(R& IET IR AT AT T 5. 2500 I 45 R IR, “BIEHERIR, 1_5.28") AX T i
% FHct AR B I Hct{5 2 (“Het EBARFEIR @V) ™) KB B R H T XN TEMNSIZSHHEER
g 2o I BB I [ Y3 5 F2 . 76 F) T4 R R SE T /R S0 38 B A 0 R3S R P, X T20% Het , T
R - He t B R 80 2500mV , X T-42 % He t 252000mV , 5-F-60 % He t 91680mV, X F70%
Het91150mV, i6H0inee B8 % He t Y 3G NI PR K

[0098]  [RI3F;RH T 4B He B AR R AR 35 72 B (2000mV; 2 MEBEFP Y BB L) 3R
KX FYSIS EE KT (ng/dL) 240 EEEESHE BT BENHESHE
(2000mV) FI N BIGAYSI S E B & FEREA B [B] 3 5 T2 R IRBAMER W& WS 51E, 82
PA T =ANSMEE :70.01.352. 8F1585. 7. L I SFrF 4 B SMEE A — 5K £R, ST E T
S AFCAAE BN T FiR BARHELER B 7R (6)) -

[0099] y=0.000582x%*+0.786148x+7.848238  (6)

[0100]  Ftep,yid B F 7 F/ERRAEAL R BE M & PEE SE, xR TR & W (D49 K
-2
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[0101]  E3GLH| TR R REE S (AR BRR”) HX FHctE 5 @V) BE, 3K
FIL T ARAEAL B BT RS B Fllc tE 5 2 18 j9 A 2% M . B 3G 48 H B AN [R] RO AR HEAL 77 15
WERREAREEREES A AEK (@) 246RELNEERE S XL B &
SEEAENNEREENEES (5.0 5SCHYSISEEEHEIREEN LA R HE B, &
B MR B BB T8 BIRAR LR JiE) L E GBI B EEEE T (5.0 B
LU 572 (6) B E R O A A ik BE A (x) MO bmvE 4k R BB SR B e R =2 O IET 7% (O) 424
HIAREAL B BT & RS 2 E B 3G MBS FHet [ B LI F MR EL K B & EE S E 1A
IS4 AR RN T B 2R P B V3 oK 4

[0102] y@) =0.000447x@+0.116934 (7)

[0103] y ) =0.000442x +0.114668  (8)

[0104]  Hr,y XN T @I BEEHEES 58 MYSISHIRER BALR A L ETIRE
FIARHEALI B B R E S Eyo N TE S BREEEE S SnEREUE 058 0) itk
TR BHARELREEREE S  x @ Axo SR FHctfE 5 . B36H IR AN E M2
(7) F18) R TARME B B BT RS S AMHctE S 2 AR R AT AR (D Q) EE RN
WHet 15 SVE AR B B RS SRR TR , F BIXF AN 712 7] YRR AL S
B, LB ST R TR &R (AT ) WRERARHEAL B B B i (W) B 5 R RIA
HHEHct (REEH) 55

[0105] E3H~3JRH T &M T E BN T %-Alc/KF B % H E 5 iR R UK
THoE S QR FH 5 5) WARENER — S5 .

[0106] ESHRH T A %-Alc/KF T HIEANTHVES R, 7E 2R 9k K i 45
YR BEIALE S Rue, B IZRFIF NEHHES) KE.L2%H T NENSERE (%Alc
KFH4.8(#).6.5(0) .9(A) F12.3 (@) MEKALAST GRE HEABRALcEYER
AL S — RIS — B H R R) AT FTHE S GRIE AR E 58 Rl
KBH 8 KN RS R) ME BTN S EHANEEENEGHE, FRERE TN T
ALK E RS E.

[0107]  E3LRH T AN T 5% %-Alc/K T4 HIR 4MESITHD R 455 Rmww) 0.7 (Z1H
ot BT HI THO IR FF (~150mg/mL) (B RESHF R EEELR)) HALcE 5 B RmiE B 1E
O.7) BNBIEA % -ALc S EREA N )3 75 1R P SRIBIMERIALCE S1E , B RILLTF A4
HE{H:0.31602.0.35704.0. 4483710, 43732, E3TH L KK SMEMALCAS S EIFH B A0t
SHEBAREERE TR 9) -

[0108] y=-0.0015x%+0.0414x+0.1508  (9)

[0109]  Hehyxd R F o] FIEAR AL R BUE RIALCIE 518, 3F BxX RLF % -Alc/KF (G thd
IR JEATRBIH , B TR 5 ) RAOFTIIRER =M £ TR

[0110]  FE3J4H#] T THE S AR FAREILRIALc(E S BB , F L T THH{E 5 MARAELL
BIALciE B2 AR A B B STh 4 FIRARHEL AL E S e R B AL E S 5B
2 9) BRI T AN T IR BEAE (x) BOARMEAL IR UE A LU AR . B 3T R AT T AR MEAL AU ALe
(EE 4% THVE B I E AT &4 RN TF i B £ T B 3 R 4L -

[0111]  y=-0.6086x*+0.8276x+0.4826  (10)

[0112) e,y R FTHME B, xX R FARUEIAL 5 5 . 7772 (10) AT LL FIFERRYEAL AR
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HefE B, LUBIT ST LT % -Alc (S H 4k BE) AR HEAL I BB ALe (EHfT ) 5 5 R K
[+ E THD GREHTH) 175 .

[0113]  E3KEE THREAAFHATERTUMTRETEREMHESHIRHELE
AR AL (S B — AN SERE B — S0 3R . 7E SEHE VR AE B 300 FT 7R Y 2 BRES , FE 2P IR
3017, M FAYMERBRRANSANSEREATNRSEIMHES SHEERUETEE
AT ERE, 3 BENSERE S R E MEMERE. D E02H, EMERBRR
GAT AN IR S % R E S ERREM ST A RKIRE R HE ST 2
WE 5% E 15 S B RRIE . 53013028 BACMEMIRFHAT , BRE 7T CA R B
7o

[0114]  fE3E303H , M FE/ANASERA, HNBNSEETHILES CREPRID 5%
FRETIR 5 A5 S CRE S 1E302) HI5% . 7E— L sL i 7 2 ep , AT LAY Sk B 2P BR303H A< 3
PEHEAT B A 04, DL AR BRI B I 25 4 S 5 5 AR B IR G 5 5 AR R A B JR07
2.

[0115]  7E35BR3047P, 3 F/ASERA S H THILE S ESMERR ST E 51
FEE . KBRS SRR R EEE AR 55 CRE P ]302) HITEE B+ U
AT B 5 SRTID L A BRI R 45 S IOV B A BE T E 27T BL R S 28 R i 5 5 (44T
R R A RBNEN 2% R ES SERKNREMILE S HER RN R —E
F7RRBSEREDT AP, ATEME AR —E A B M AR SR B TR ERIMNESE E
W ESE.

[0116]  ZEsBR3057 , fHSMER S5 X M5 5 CRE P IR304) 5HT MK ERIEE A
3, DL @ 1 an A S SR i 181 V3 2 M SR A BRPRHE AL B 2K

1171 RJE, EHBI065 , AL ERESIMUENSE TRHES CER AR
L 40 2 R ) AR Ak RSB T B 1 5 45 SRR LURR VAL B BUE R AT AR
A o ZEA S , 3834 B 40 3 BB S\ BUTE 5 TR 305 A AR AR VEE AL IR i SR S A
HELL B HE

[0118]  ZEAHIRI07HP , HIFMEAL IS5 EMH 55 CRE P IR306) SERKREMLES
(5 1 5 38302) FASE , LAAE FRATHEAL B AR YE (S . o FEAR A TF ) — LB ST i 51 o AT LA FH e vl
R B, VERE T NEN EMEESRRATEREMHES - ELHETRF,
FRAEALI EHESS BT LR PR ZR 5 5 SR G 5 5 HERRK EE T,
I BARMEAL R (S BASK B B BR30THI AR BRI B3 AR 18 H .

[0119]  E4A~4BRH T MR A1E R % A0 AR I 5] . B 4A K A2 B 4007 tH
T T A R R R 5 S AR AR 4 AR RGOS R SLE SR S B
B EE R ERBAERERMAN— LB R flan, TMHES 5o MIRENIRES
Z AR IBHES LB E (BIn25°C) MS% MMM A KT (Bln42%) TERILSFED
[T 5% (A 1015 B B I 40U EL 287K F T AT 0 A A 1% R A I B 1B B BRI 40 b 2 3of £ 30
H 15 5 0 B I B R S R R AME (B B IR G FESH R MM 4B EL 2K FE T2
PRIIREE AT, B0 A R IR R 5 S S S EZ MM EEARK, WA RREFERF %
1, 3 BB B AME I AT RETE XTI SE AP SINBS MR 2

[0120]  7ESCHEAR EI4007 BRI B IRES , 2E 0 R401 70 , AR W14 B8 R A UK S
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58, AES B2, EMEBRRASHEERNKEAEES E5SEEHZ AN EE.
B IR403E HTE S BA02H HEM ZEN AN EHE TR TRETRE APITERBEHFHEL
Wiy 2, WTLLE oM AV HREA B ESHENRETENRESHES 52%E
Z A2, 3 B X R E A R XK T a8 T BRMER , AT RS E R % 4k 1 R E F AR
8 R BT B I R TR E , 7 BT AN —AMER B T —AMEF R AW (B, &
RN - IR IR403 EHNEE “T , WA RE K A4F (4044 FTR) R P BR4031
IR E “B”, MBS FERE &4 (405 TR » 3 BfE— 8o h /4, iTUE PR
4067 R AL B KA BB & 2B &0 TT LURBUE MR, Blan, ZE& H A £ ERE AR
R FIBEHEEVEMEREB R NIRRT RFES RN R &% BRIER
UBERATREREZERESNENES.

[0121]  E4BYIRRE410RH T HE T AR R S HE S ME T HER i HE SR
HABY S SR A 2 1) B EE R E R B FERE &N —SB RS RALLA4129, 4
YIERERZGNE EHHES HERREE LSS S RALIF41 28] LA PHEFT IR F AT »
o83 BT LA R B 64T - E 5 BR41 300, B T B £ B 5 5 Rk R Er R Em L iE
B RAFE R R G S S R E T R K 5 (S 5 0 TUE R SRR BUE . 72 25 TR414
B, B SRR S B4 20 AR B IR R S 5 5k B S R4 R ETHFE IR EREE S Z
) 21 . B B4 5B WS B44F e N EE N LT ER TR TEHE T HRE . ERIT
BB R, T LU E B MR AT ERR S B ESE ) MRATER
REHBEERE -) MAFRRER N ESZANEE, F S ZEERENMERT
BT RER, TR AR H &4 TR EBE R IERN R E XA RN REEMRE
F E A LA —ANMERRE) B —MEF R A B0, BERAD) R P 54158 & WiR E
“Z AR TETE T8 e (416 FTR) - RS B4 B HIRE “R” , WSS FER T %
1 (41870 FioR) 76— Lo Iz 5 R rp, T LATE D IRA199R 3R S35 SR AR HO B R0 (S BT AR XY
T B 4Ar ) R4A06 AT IHA ) .

[0122] {EARIBAA TR —Leseii 5 R, o] AR Tt B 4A M B 4B I M AR RO 4 & R A
EREAMA HBER, YERNRERNEES 5SS HZANEENENERTRET
R RAERREHBESSRATENREHHES Z MM EENAXERTHE
FIREAERT , 7] AR B e 5 5 A

[0123] [E5A~5CRE TERE 4TSI THNEFHRE, XEERHT “BRE
B BB, 4 FERER B OURFEELERS B0 C~10C) BIEZERS (B
4040°C~45C) FHIKRE T, RE S5HEZER Hlin22:C~25C) TREN MR MBS —
FRT , FT B8 H T 5 8 UE B 4%k o AR B IR A% IR B AN B A 2z 1) 8 D A /L (interfacing
contact) [ % 3% T 27 7E KA 18] P 2 B /N, U T 948 Y B S B8 G AT, A% IR 38/ HE AR
FE ARG R R AT AR

[0124]  M¥iE B ARSI MEENEEE A A YERS RA T, R HEFHE
BB 9 B v R e T B A A R B A A UL B EL R X e L AR R AT AY
b, R RARES BTSSR ERNaEREIMEN FEERFEAR SR ENE
BB REESRAMEER N EE AT ERFRELG T, WENIE T REARe i R B e
B2 /REAEE, H G R ERR BT TEEMENNEETER T YREF A
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TiRE.

[0125] MESARE TIEBTEEAMERE G°C () .10°C (O0) +15°C (A) 125°C (X) 135C () ~
40°C (@) LA K45°C () FHIZEYME RS AR SEMRRE THRMECCE RS/ AR
Kk B BA =HAREEMEKRE (70.350F1550mg/dL) FIREARR EH B ES 6. 2sH BT
V) WE R BB AR TR E R T8 H 5 SHMEER BN, lEERERN
BN, BB INE . B R FR T nAEEE EFINe. 7,781,222 (“FAFEMERERGEHIR
BEREYT Y€ (Temperature—Ad justed Analyte Determination for Biosensor
System”) FETIT IS AIBEEMEN B R B, LEER TR B ESHBRASITYRE
i, 3 E 4 AE B R X R SR B AR AT AME

[0126]  [E5BRIE T i AR M4t AR5 ARG B A0SR 1 B U Fh 7R ) B & BB VR B (86,170
335f0564mg/dL) HIREA R EHIHES 6. 2sBRIHR T @V)) B, Ko, (ERRE /A A4k T-22
C, MWEARFEENSNMRRBE (22°C.5C.10°C.15°C.35°C.45°C) T, AR EI L T3
EENEME,21.9°C (@) .6°C () 10.3T (A)\15.7°C (X) .34.1°C(*)F143.7°C (O) . Bl
(5 B WU B OB AR A AR K A5 R B8 /R A IR P R ME X RGE , I B ) ER 15 55t
St 4 T T 5 0 R R AR R 0T AN i g ) IR 2 SR U R ) ) B SR PR A MR EE
B 00 T 445 3 AL B4 7 P T L R R MR A B 8 R 2, U0 0 0 SR, BN AE 3 A 0 e
F AN ERBKIRE

[0127]  E5CRH T LM E R BB ERERR R RS/ HAREN X EHAR
J5 B ML IR 10 5 4 B R R 10 IR SBRR B SR A B A B VR B IR R R R R AR AR T R BT R
E (LHIRRE/%-RE RE/%-RELIE (@) 522°C.5.5°C.10.5C.15.5°C.22.5C,
34°C.39.5°Cf143.5°C FHIFHMEMERE (A) —IF TS f] (RS / AL T ~22
'C) . AN EISCHT LLE H B, 45 BB/ RE A 5 B A B (IR PR 2 I Fy B K, M A DR
FIREMK.

[0128]  fEM& R FH & 1A v B RO VR B T A3 R B AR BT A B TR B 7 R 2%
T Bl R IX PR 2 X R R A TR R B E I R R T EESE R I B R T REARIEE .
BeATRH TETEREEESRM GRS/ HAREL T ~22°C; PR LURELL T22
"C.5.5C+10.5°C+15.5°C~22.5°C.34°C.39.5°CH143.5°C) FMEM EHHESH KA
BHEE  E6AFT R R AT E IR (@) 24 A LR F2 (9 FrRnsfirdE bR R B
(2 BE3C KA NS ESCHRIIIRZE/ Y% 12 588 AR 508 B A B X 2
1) VA L B R bl B WU B SGELRE (A) BT ~22 CHIME ISR/ BEA R . B4t 45
R AR R SN B T4 B B SCRT R R SR B BB B AME R A R R AR HE R e B B
Sk BRI EER/IRE BUNIRE/ %—~RE) BT R EIE , (Bl 6BFTR .
[0129] [E6BRH T 5 FHMERNESGEE (Q) —BLHINEERERIRE &HHN
RE/ %-RE) ,iZIREEIE LT RHE B AR R E F B G B AME ) 45 2R 3
B R (X)) GXRE6CH BRI AR Heds) A8 B A AR ) v SR IR R BE AT A ME I AR TR
BB R B — A R BIEF R (@) (nE2AFTR) UL R AN FEAR T B 5 8 R BE 2% 1B B
R B R 1 B R AT A M AR R B R e R B — MG R R R A A (O) (i
B TR A LR TR () R R R (S B (S B 3C R H AR ) SRllE &
M EEE ERERERMGT, SHMARNARERAL, TREAAMN—AEE
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TEIRR B IR AR E/ %R ERN R Z N ~20% B REIL~10%  EERIRK R ER
FESAE TR, BN 7E F R M B T BAVE BN ~5CT  REN~20%FEIKB~5% . JTEFER
I8 B St (40, B B B UE B R ~22°C) T R AR, —AMEFRL A 5 % B [ 7%
—REE~10%HRLIRE  BRNERTEELMF THTIME, ME—EEBEAMA
Fh B A B , T B KRR B Mk D A BR AN L B R ZE IR .

[0130] E7A~TBRH T FAREAATFHEHRMET ENAMEERFREFRMF TR
Fr A 2 1 7 2 B — e S e 49 ) — L D IR AN 45 R

(01311  E7AFTREIEFAMES R LG SEU TSR E T AT TR ER
1) T 0I5 B HA T R 1) T A I8 R AN T S R 2 B 43 A ek B R AT AME R IR BE 22 18]
FITEL P 22 43 PR P AR SE 0 UL B 2 SRAR ) S B ML B 4 s DA T SR AR WU 21 33 6 JRLBE 2% A » Uk
JEL R AT R R P Y RO IR R SR MR B T U B 5 S B BT E
YR . B R R R B BIRAQ N EB B8 B REA M, RIS AT E B 4 TR R & ot
VI EAE .

[0132] T E{kHh, EETAFRERIEET00% , Zd B U R P AYERE RGN E T Al
(EEHBBI0IFE BB BT02% , FAEYERBRAGEREENEE 10 (X8, Rt
LA INE “T” B8 EARRA 4, 5 “T" —E K _EAR 0" MERERAEYERBZRAE
HH 2L M B 2 R T01 N7 02T LA LME TR 3 AT » B BT CAIRI B 4T  7E P R 703,
18 FEFI BB EE (19 RAMZEEX U EN THBEESHEHMERREHNENE
S SRR TR E ) .

[0133] ZEETAFTRIISEHGI , £ S BI04P TR G HEFFEREXR VB HE A
SEHEBI P VTG R R E T EENEE 1) MSHEE (Tre) Z AP EENLNERETRT
B T A 0, G SR BME B BT C, W | T0-Tret | =7 CHY, AT EE R H BE R 10
B ZVIEERAPRERTREERFRESASE @, LBT04ME R E “&”) , WA LA
IFETRAMLALE (I T — S B H) R, RS TRT04F VIR E WIR E “F”, M
ATRENETE R B A 4, 3 FLiZO A8 1] DA B B384 T B e rp T LU VT8 M DI B (G°) R
S A F D BB 1 2 TR 709  BUGR TR U 53 85 45 P88 2 1R BT 7 B0 R B, VT DA IR B e R ok
fR{AME (FlEn, 10.7.5.3.28%1°C) .

(01341  ETAFTRIIIEIFAME L B v #E4T B — ME R, B e TH s () AT iR REME
B, 3 BAES RT05  TH B W Aan=1.

[0135]  ZEIB706H , B FH (n-1) MHRE ™) KHEFEn M RATERNERE
(M HEZ, Fn/ MR AT ERERE (T HHEAE 1) MR R R B, =1
(Gn"l)o

[0136] ZEHIRTOTH, FHTFTRHAEEMNREZE (AT -

[0137]  AT=T"-T"Lq; (11

[0138] b, T"REn MR EKTEERE CRASET06) , AN Fn=1,T"a;RES R
70270 B AR AL R BS R G R IR U EAE (T0) .

[0139] EiEESBTS T EREMEEENALINERE K TFREFHRME @, | AT
>R , AT BB F 500, MR TR E R EANSC, W] AT =5CH, Bt
B, YR A E R (T S55iTiRWRERE (1% ) ZZ2E 25 °CUL LR, # i
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B R H B B TR 58 V5 B A R BT B B R, TR B 7T LA R BRAE AT (B
1,10.7.5.3.28%1°C) , h 7] LA ¢ & A5l 40k & |ANME R B D45

[0140)] WMBEETFEMEEEZE (AT RERWERERESRM (B, 708 EWIRE
“I5) , MTESBT005 , EMERBRGH P -1 M WIRE ) ME R THINE
1B,

[0141]  fREF B MEEZE (AT KRNI FHEELME EF, 7088 E R E “R”) , U
FEBT109 35 T A E En N AT EE (Ta) -

[0142]  Tog;=T"lags#WCAT*  (12)

[0143]  Hrb, Xt Fn=1,T" ;R 7EH 70250 AL R R AE RN BENEM 17,
ATREn/MEEZE CRESET0T) ,WCR I R, HATLLRMAE (0) B— Q) WAEMEH
AFEL AL RS (W0 BT HE AT E AR HEE (T ) BB RETHENEE
(T A% 5 BJWC=18 , En AN R EHEREE (T e T AT ETRRE, B, Tq;
::’]‘"°

[0144)  FESBIRT11R, @IS A P A3 B0IRE (Taj, R B B IRT10) RAMZE BT
MEK FRHBEEWEMERRECRERUERN EHHES CGREFETO0D MHE Hn
AR EE G EHBT129, i 8eninl (Bl ,n=n+1) , 3 BFESIRT06 IR A—18
B U EE S BI06~T128 1550, EEIT08HE iR R “&”, FF AET B/ MEEE (AT)
ST B R B B A, i RS IR T00 , AR 5 IR AR RIS (n-1) M HTIREE G
& AT ELE .

[0145] (7B} H T RIEE TAFT B0 S2HE 5 SR AIWCKT &1 %3 25 BR706~ 7118 —MEHFIE A
G FRIE B AM R R B B 7B T 5 E B M B SURE (A) — B K 1E R
B/ %-RERIRE, K, B2k E U TRREEN—MEFRMA AR ERRA T ERE
JE 55 4 A ML IR JBE A B 0 FO 0 B M IR B R B (BIWC=1) (O) s A R A A AR AT HEE
VB JRE ) — B 43 S 355 43 H M2 5L £ B0 i UL B AMEZ B B R B (BDWC==0.65) (@) . 53R HE
LA VB M B AR R e R I A B ) R PR AR 22 (B LB 6B, A A () S il LR 3L
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ABSTRACT

Title of Invention : IMPROVED BIOSENSOR SYSTEM ANALYTE
MEASUREMENT

Methods and biosensor systems for compensating an analyte measurement
are provided. The methods and systems determine a secondary output signal
based on the measured primary output signal in order to better approximate
the effects of an extraneous stimulus on the primary output signal under actual
measurement conditions. The methods and systems according to the
present disclosure may provide a more accurate analyte measurement, and
may be particularly useful in detecting and compensating an analyte
measurement during an off-condition.



