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(57) ABSTRACT 

The subject matter disclosed herein relates to systems, meth 
ods and/or devices for calibrating sensor data to be used in 
estimating a blood glucose concentration. A relationship 
between sensor measurements and reference readings may be 
used to estimate a relationship between sensor measurements 
and blood glucose concentration. Such sensor measurements 
may be Weighted according to a decreasing function of uncer 
tainty associated With sensor values. 
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SYSTEM AND/OR METHOD FOR GLUCOSE 
SENSOR CALIBRATION 

BACKGROUND 

[0001] 1. Field 
[0002] The subject matter disclosed herein relates to cali 
bration of glucose sensors for use in glucose monitoring 
systems, for example. 
[0003] 2. Information 
[0004] Over the years, body characteristics have been 
determined by obtaining a sample of bodily ?uid. For 
example, diabetics often test for blood glucose levels. Tradi 
tional blood glucose determinations have utiliZed a painful 
?nger prick using a lancet to WithdraW a small blood sample. 
This results in discomfort from the lancet as it contacts nerves 
in the subcutaneous tissue. The pain of lancing and the cumu 
lative discomfort from multiple needle pricks is a strong 
reason Why patients fail to comply With a medical testing 
regimen used to determine a change in a body characteristic 
over a period of time. Although non-invasive systems have 
been proposed, or are in development, none to date have been 
commercialiZed that are effective and provide accurate 
results. In addition, all of these systems are designed to pro 
vide data at discrete points and do not provide continuous data 
to shoW the variations in the characteristic betWeen testing 
times. 
[0005] A variety of implantable electrochemical sensors 
have been developed for detecting and/or quantifying speci?c 
agents or compositions in a patient’s blood. For instance, 
glucose sensors are being developed for use in obtaining an 
indication of blood glucose levels in a diabetic patient. Such 
readings are useful in monitoring and/ or adjusting a treatment 
regimen Which typically includes the regular administration 
of insulin to the patient. Thus, blood glucose readings 
improve medical therapies With semi-automated medication 
infusion pumps of the external type, as generally described in 
US. Pat. Nos. 4,562,751; 4,678,408; and 4,685,903; or auto 
mated implantable medication infusion pumps, as generally 
described in US. Pat. No. 4,573,994. Typical thin ?lm sen 
sors are described in commonly assigned US. Pat. Nos. 
5,390,671; 5,391,250; 5,482,473; and 5,586,553. See also 
US. Pat. No. 5,299,571. 

SUMMARY 

[0006] Brie?y, one embodiment relates to a method, system 
and/ or apparatus for obtaining samples of an electrical signal 
generated by a sensor, said samples having sample values 
associated With measurements of a blood-glucose concentra 
tion; individually Weighting at least some of said sample 
values according to a function of blood glucose reference 
samples associated With said sample values; and estimating a 
relationship of sample values With said blood-glucose con 
centration based, at least in part, on said individually 
Weighted samples. 
[0007] In another implementation estimating said relation 
ship comprises estimating a linear relationship betWeen said 
sample values and said blood-glucose concentration based, at 
least in part, on a linear regression of said Weighted samples 
and associated blood-glucose reference values. Here, for 
example, such estimating said linear relationship may further 
comprise calculating a linear regression sensitivity ratio 
based, at least in part, on said Weighted samples and associ 
ated blood-glucose reference values; selecting an offset 

Jul. 1,2010 

based, at least in part, on said calculated linear regression 
sensitivity ratio; and calculating a modi?ed linear regression 
sensitivity ratio based, at least in part, on said selected offset, 
said Weighted samples and said associated blood-glucose 
reference values. 
[0008] In another particular implementation the function of 
blood glucose reference samples is based, at least in part, on 
a measure of statistical dispersion of said sample values as 
function of associated blood glucose reference samples. 
Here, for example, said measure of statistical dispersion may 
comprise a variance and/or approximation of a variance of 
said sample values as a function of said associated blood 
glucose reference samples. Alternatively, the function may 
comprise an inverse of said measure of statistical dispersion 
of said sample values. In yet another alternative, the method 
includes estimating a linear relationship of said measure of 
statistical dispersion of said sample values versus blood glu 
cose concentration; and deriving the function based, at least 
in part, on said linear relationship. 
[0009] In another particular implementation, individually 
Weighting said at least some of said sample values further 
comprises further Weighting said samples based on hoW 
recently said samples are obtained. 
[0010] In another particular implementation, the method 
includes detecting a failure of said sensor based, at least in 
part, on a change in said estimated relationship. 
[0011] In another particular implementation, the method 
includes calibrating measurements from said sensor for mea 
suring a blood-glucose concentration based, at least in part, 
on said estimated relationship. 
[0012] In another particular implementation, individually 
Weighting said at least some of said sample values comprises 
Weighting said at least some of said sample values according 
to a decreasing function of blood glucose reference values 
associated With said Weighted samples. 
[0013] Particular embodiments may be directed to an 
article comprising a storage medium including machine 
readable instructions stored thereon Which, if executed by a 
computing platform, are directed to enable the computing 
platform to execute at least a portion of the aforementioned 
method according to one or more of the particular aforemen 
tioned implementations. In other particular embodiments, a 
sensor adapted generate one or more signals responsive to a 
blood glucose concentration in a body While a computing 
platform is adapted to perform the aforementioned method 
according to one or more of the particular aforementioned 
implementations based upon the one or more signals gener 
ated by the sensor. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] Non-limiting and non-exhaustive features Will be 
described With reference to the folloWing ?gures, Wherein 
like reference numerals refer to like parts throughout the 
various ?gures. 
[0015] FIG. 1 is a is a perspective vieW illustrating a sub 
cutaneous glucose sensor insertion set and glucose monitor 
device in accordance With an embodiment; 
[0016] FIG. 2 is a cross-sectional vieW of the sensor set and 
glucose monitor device as shoWn along the line 2-2 of FIG. 1; 
[0017] FIG. 3 is a cross-sectional vieW of a slotted insertion 
needle used in the insertion set of FIGS. 1 and 2; 
[0018] FIG. 4 is a cross-sectional vieW as shoWn along line 
4-4 of FIG. 3; 
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[0019] FIG. 5 is a cross-sectional view as shown along line 
5-5 of FIG. 3; 
[0020] FIG. 6 is a partial cross-sectional view correspond 
ing generally with the encircled region 6 of FIG. 2; 
[0021] FIG. 7 is a cross-sectional view as shown along line 
7-7 of FIG. 2; 
[0022] FIGS. 8a through 80 are diagrams showing a rela 
tionship between sampled values, interval values and 
memory storage values according to an embodiment; 
[0023] FIG. 9 is a chart showing clipping limits according 
to an embodiment; 
[0024] FIG. 10 is a sample computer screen shot image of a 
post processor analysis of glucose monitor data according to 
an embodiment; 
[0025] FIG. 11 is a chart illustrating the pairing ofa blood 
glucose reference reading with glucose monitor data accord 
ing to an embodiment; 
[0026] FIG. 12 is a chart illustrating an example of a single 
point calibration according to an embodiment; 
[0027] FIG. 13 is ablock diagram illustrating a single-point 
calibration technique according to an embodiment; 
[0028] FIG. 14 is a chart illustrating an example of a linear 
regression calibration according to an embodiment; 
[0029] FIG. 15a is a ?ow diagram illustrating a calibration 
process according to an embodiment; 
[0030] FIG. 15b is a plot of sensor measurements versus 
reference blood samples according to an embodiment; 
[0031] FIG. 150 is a plot of an inverse variance of sensor 
measurements versus blood glucose concentration according 
to an embodiment; 
[0032] FIG. 15d is a plot illustrating a linear best ?t of a 
standard deviation of sensor measurements versus blood glu 
cose concentration according to an embodiment; 
[0033] FIG. 15e is a plot of a function for obtaining weights 
to be applied to sensor sample values according to an embodi 
ment; 
[0034] FIG. 16 is a ?owchart of a self-adjusting calibration 
technique in accordance with an embodiment; 
[0035] FIGS. 17a and 17b are charts illustrating an example 
of the self-adjusting calibration technique according to an 
embodiment; and 
[0036] FIGS. 18a and 18b are further charts illustrating an 
example of the self-adjusting calibration technique according 
to an embodiment. 

DETAILED DESCRIPTION 

[0037] Reference throughout this speci?cation to “one 
embodiment” or “an embodiment” means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of claimed subject matter. Thus, the appearances of the phrase 
“in one embodiment” or “an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, or characteristics may be combined in one or 
more embodiments. 

[0038] Systems for monitoring glucose in the body, for the 
treatment of diabetes for example, typically employ one or 
more glucose sensors to measure a blood-glucose concentra 
tion. For example, such sensors may be adapted to generate 
one or more electrical signals having a value (e.g., voltage 
and/or current level) that is related to such a blood-glucose 
concentration. Such a measurement of a blood-glucose con 
centration may then be used for any one of several applica 
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tions such as, for example, monitoring a blood-glucose con 
centration for a diabetes patient. 
[0039] Over time and/ or with normal wear and usage of a 
glucose sensor, such a relationship between a value of a signal 
generated by the glucose monitoring blood sensor and actual 
measured blood glucose concentration may change. Accord 
ingly, calibration of the signal generated by such a glucose 
monitoring with reference samples of blood-glucose concen 
tration may enable an accurate estimate of a relationship 
between signal values generated by a glucose sensor and 
blood-glucose concentration, leading to more effective appli 
cations of glucose sensors and better treatment of diabetes 
patients. 
[0040] As shown in the drawings for purposes of illustra 
tion, embodiments are directed to calibration methods for a 
glucose monitor that is coupled to a sensor set to provide 
continuous data recording of readings of glucose levels from 
a sensor for a period of time. In one particular implementa 
tion, a sensor and monitor provide a glucose sensor and a 
glucose monitor for determining glucose levels in the blood 
and/or bodily ?uids of a user. However, it will be recogniZed 
that further embodiments may be used to determine the levels 
of other body characteristics including, for example, analytes 
or agents, compounds or compositions, such as hormones, 
cholesterol, medications concentrations, viral loads (e.g., 
HIV), bacterial levels, or the like without deviating from 
claimed subject matter. In particular implementations, a glu 
cose sensor is primarily adapted for use in subcutaneous 
human tissue. However, in still further embodiments, one or 
more sensors may be placed in other tissue types, such as 
muscle, lymph, organ tissue, veins, arteries or the like, and 
used in animal tissue to measure body characteristics. 
Embodiments may record readings from the sensor on an 

intermittent, periodic, on-demand, continuous, or analog 
basis. 
[0041] According to an embodiment, a blood glucose con 
centration in ?uid may be measured based upon values of a 
sampled sensor signal. Also, as discussed below, it can be 
observed in particular embodiments that the accuracy of such 
measurements used to measure blood glucose concentration 
may decrease with increases in blood glucose concentration. 
Accordingly, as illustrated below, in estimating a blood glu 
cose response of a particular sensor, measurements taken at 
lower blood glucose concentrations may be more heavily 
weighted than samples take a higher blood glucose concen 
trations. 

[0042] Brie?y, in one particular embodiment, an electrical 
signal generated by a sensor may be sampled to provide 
sample values associated with a blood-glucose concentration. 
Uncertainty values may be associated with individual ones of 
the measurements based, at least in part, on blood-glucose 
reference values associated with the measurements. At least 
some of the sample values are weighted according to a 
decreasing function of uncertainty values associated with the 
sample values. A relationship of sample values with blood 
glucose concentration may then be determined based, at least 
in part, on the individually weighted sample values. It should 
be understood, however, this is merely an example embodi 
ment and claimed subject matter is not limited in this respect. 
[0043] FIGS. 1-7 illustrate a glucose monitor system 1 for 
use with calibration methods described herein. Glucose 
monitor system 1, in accordance with one particular imple 
mentation, includes a subcutaneous glucose sensor set 10 and 
a glucose monitor 100. Here, glucose monitor 100 may be of 
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