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Description

BACKGROUND

1. Field:

[0001] Subject matter disclosed herein relates to glucose sensor signal stability analysis including, by way of example
but not limitation, analyzing a reliability of a glucose sensor signal by attempting to detect a change in responsiveness
of the sensor signal.

2. Information:

[0002] The pancreas of a normal healthy person produces and releases insulin into the blood stream in response to
elevated blood plasma glucose levels. Beta cells (β-cells), which reside in the pancreas, produce and secrete insulin
into the blood stream as it is needed. If β-cells become incapacitated or die, which is a condition known as Type I diabetes
mellitus (or in some cases, if β-cells produce insufficient quantities of insulin, a condition known as Type II diabetes),
then insulin may be provided to a body from another source to maintain life or health.
[0003] Traditionally, because insulin cannot be taken orally, insulin has been injected with a syringe. More recently,
the use of infusion pump therapy has been increasing in a number of medical situations, including for delivering insulin
to diabetic individuals. For example, external infusion pumps may be worn on a belt, in a pocket, or the like, and they
can deliver insulin into a body via an infusion tube with a percutaneous needle or a cannula placed in subcutaneous tissue.
[0004] As of 1995, less than 5% of the Type I diabetic individuals in the United States were using infusion pump
therapy. Over time, greater than 7% of the more than 900,000 Type I diabetic individuals in the U.S. began using infusion
pump therapy. The percentage of Type I diabetic individuals that use an infusion pump is now growing at a rate of over
2% each year. Moreover, the number of Type II diabetic individuals is growing at 3% or more per year, and increasing
numbers of insulin-using Type II diabetic individuals are also adopting infusion pumps. Physicians have recognized that
continuous infusion can provide greater control of a diabetic individual’s condition, so they are increasingly prescribing
it for patients.
[0005] A closed-loop infusion pump system may include an infusion pump that is automatically and/or semi-automat-
ically controlled to infuse insulin into a patient. The infusion of insulin may be controlled to occur at times and/or in
amounts that are based, for example, on blood glucose measurements obtained from an embedded blood-glucose
sensor, e.g., in real-time. Closed-loop infusion pump systems may also employ the delivery of glucagon, in addition to
the delivery of insulin, for controlling blood-glucose and/or insulin levels of a patient (e.g., in a hypoglycemic context).
Glucagon delivery may also be based, for example, on blood glucose measurements that are obtained from an embedded
blood-glucose sensor, e.g., in real-time.
[0006] US 2008/0161664 shows an insulin infusion system in which the outputs from two sensors are combined/com-
pared to detect the development of faults. This is either done by producing a combined error signal using one sensor to
predict the output from the other sensor or by using one as a master sensor and the other as a watchdog sensor. More
than two sensors are also envisaged.
[0007] US 2010/0169035 describes techniques for determining the state of a sensor involving applying various voltage
pulses and observing the response. One of the characteristics tracked is sensor drift.

SUMMARY

[0008] The invention is defined by the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0009] Non-limiting and non-exhaustive features are described with reference to the following figures, wherein like
reference numerals refer to like and/or analogous parts throughout the various figures:

FIG. 1 is a schematic diagram of an example closed loop glucose control system in accordance with an embodiment.
FIG. 2 is a front view of example closed loop hardware located on a body in accordance with an embodiment.
FIG. 3(a) is a perspective view of an example glucose sensor system for use in accordance with an embodiment.
FIG. 3(b) is a side cross-sectional view of a glucose sensor system of FIG. 3(a) for an embodiment.
FIG. 3(c) is a perspective view of an example sensor set for a glucose sensor system of FIG. 3(a) for use in accordance
with an embodiment.
FIG. 3(d) is a side cross-sectional view of a sensor set of FIG. 3(c) for an embodiment.
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FIG. 4 is a cross sectional view of an example sensing end of a sensor set of FIG. 3(d) for use in accordance with
an embodiment.
FIG. 5 is a top view of an example infusion device with a reservoir door in an open position, for use according to an
embodiment.
FIG. 6 is a side view of an example infusion set with an insertion needle pulled out, for use according to an embodiment.
FIG. 7 is a cross-sectional view of an example sensor set and an example infusion set attached to a body in
accordance with an embodiment.
FIG. 8(a) is a diagram of an example single device and its components for a glucose control system in accordance
with an embodiment.
FIG. 8(b) is a diagram of two example devices and their components for a glucose control system in accordance
with an embodiment.
FIG. 8(c) is another diagram of two example devices and their components for a glucose control system in accordance
with an embodiment.
FIG. 8(d) is a diagram of three example devices and their components for a glucose control system in accordance
with an embodiment.
FIG. 9 is a schematic diagram of an example closed loop system to control blood glucose levels via insulin infusion
and/or glucagon infusion using at least a controller based on glucose level feedback via a sensor signal in accordance
with an embodiment.
FIG. 10 is a schematic diagram of at least a portion of an example controller including a sensor signal reliability
analyzer that may include a non-physiological anomaly detector and/or a responsiveness detector in accordance
with an embodiment.
FIG. 11 is a schematic diagram of an example non-physiological anomaly detector that may include a sensor signal
purity analyzer in accordance with an embodiment.
FIG. 12 is a flow diagram of an example method for handling non-physiological anomalies that may be present in
a glucose sensor signal in accordance with an embodiment.
FIG. 13A and 13B depict graphical diagrams that illustrate example comparisons between sensor signal values and
measured blood glucose values in relation to non-physiological anomalies for first and second sensors, respectively,
in accordance with an embodiment.
FIG. 14 is a schematic diagram of an example responsiveness detector that may include a sensor signal stability
analyzer in accordance with an embodiment.
FIG. 15 is a flow diagram of an example method for handling apparent changes in responsiveness of a glucose
sensor signal to blood glucose levels of a patient in accordance with an embodiment.
FIG. 16A depicts a graphical diagram that illustrates an example of a downward drifting sensor signal along with
physiological activity in accordance with an embodiment.
FIG. 16B and 16C depict graphical diagrams that illustrate multiple example glucose signals and corresponding
monotonic fundamental signal trends as generated by first and second example signal trend analysis approaches,
respectively, in accordance with an embodiment.
FIG. 17 is a schematic diagram of an example controller that produces output information based on input data in
accordance with an embodiment.

DETAILED DESCRIPTION

[0010] In an example glucose monitoring sensor and/or insulin delivery system environment, measurements reflecting
blood-glucose levels may be employed in a closed loop infusion system for regulating a rate of fluid infusion into a body.
In particular example embodiments, a sensor and/or system may be adapted to regulate a rate of insulin and/or glucagon
infusion into a body of a patient based, at least in part, on a glucose concentration measurement taken from a body
(e.g., from a blood-glucose sensor, including a current sensor), In certain example implementations, such a system may
be designed to model a pancreatic beta cell (β-cell). Here, such a system may control an infusion device to release
insulin into a body of a patient in an at least approximately similar concentration profile as might be created by fully
functioning human β-cells, if such were responding to changes in blood glucose concentrations in the body. Thus, such
a closed loop infusion system may simulate a body’s natural insulin response to blood glucose levels. Moreover, it may
not only make efficient use of insulin, but it may also account for other bodily functions as well because insulin can have
both metabolic and mitogenic effects.
[0011] According to certain embodiments, examples of closed-loop systems as described herein may be implemented
in a hospital environment to monitor and/or control levels of glucose and/or insulin in a patient. Here, as part of a hospital
or other medical facility procedure, a caretaker or attendant may be tasked with interacting with a closed-loop system
to, for example: enter blood-glucose reference measurement samples into control equipment to calibrate blood glucose
measurements obtained from blood-glucose sensors, make manual adjustments to devices, and/or make changes to
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therapies, just to name a few examples. Alternatively, according to certain embodiments, examples of closed-loop
systems as described herein may be implemented in non-hospital environments to monitor and/or control levels of
glucose and/or insulin in a patient. Here, a patient or other non-medical professional may be involved in interacting with
a closed-loop system.
[0012] However, while a closed-loop glucose control system is active, oversight by medical professionals, patients,
non-medical professionals, etc. is typically reduced. Such a closed-loop glucose control system may become at least
partially responsible for the health, and possibly the survival, of a diabetic patient. To more accurately control blood
glucose levels of a patient, a closed-loop system may be provided knowledge of a current blood glucose level. One
approach to providing such knowledge is implementation of a blood glucose sensor, such as including one or more such
glucose sensors in a closed-loop system.
[0013] A closed-loop system may receive at least one glucose sensor signal from one or more glucose sensors, with
the glucose sensor signal intended to accurately represent a current (or at least relatively current) blood glucose level.
If a glucose sensor signal indicates that a blood glucose level is currently too high, then a closed-loop system may take
action(s) to lower it. On the other hand, if a glucose sensor signal indicates that a blood glucose level is currently too
low, then a closed-loop system may take action(s) to raise it. Actions taken by a closed-loop system to control blood
glucose levels of a patient and protect the patient’s health may therefore be based at least partly on a glucose sensor
signal received from a glucose sensor.
[0014] Unfortunately, a received glucose sensor signal may not be completely reliable as a representation of a current
blood glucose level of a patient. For example, a received signal may include impurities that obscure a blood glucose
level that actually exists in a body currently. By way of example but not limitation, impurities may be introduced if a
sensor measures an incorrect blood glucose level (e.g., due to localized pressure at a sensor site, due to improper
sensor hydration, due to inflammatory response, etc.), if noise or other factors impact a blood glucose level signal after
measurement, combinations thereof, and so forth. Alternatively and/or additionally, a glucose sensor may gradually
become increasingly less stable in its responsiveness, such as by becoming increasingly less capable of accurately
measuring a current blood glucose level. In such situations (and/or other ones), a glucose sensor signal that is received
at a controller of a closed-loop system may not be sufficiently reliable to justify entrusting a patient’s life and health to
its control decisions.
[0015] In certain embodiments that are described herein, a closed loop system may assess a reliability of at least one
sensor signal with respect to its ability to accurately reflect a blood glucose level of a patient based at least partly on at
least one metric. In an example embodiment, a metric may characterize one or more non-physiological anomalies of a
representation of a blood glucose level of a patient by at least one sensor signal. In another example embodiment, a
metric may assess an underlying trend of a change in responsiveness of at least one sensor signal to a blood glucose
level of a patient over time. These and other example implementations are described further herein below.
[0016] FIG. 1 is a block diagram of an example closed loop glucose control system 5 in accordance with an embodiment.
Particular embodiments may include a glucose sensor system 10, a controller 12, an insulin delivery system 14, and a
glucagon delivery system 15, etc. as shown in FIG. 1. In certain example embodiments, glucose sensor system 10 may
generate a sensor signal 16 representative of blood glucose levels 18 in body 20, and glucose sensor system 10 may
provide sensor signal 16 to controller 12. Controller 12 may receive sensor signal 16 and generate commands 22 that
are communicated at least to insulin delivery system 14 and/or glucagon delivery system 15. Insulin delivery system 14
may receive commands 22 and infuse insulin 24 into body 20 in response to commands 22. Likewise, glucagon delivery
system 15 may receive commands 22 from controller 12 and infuse glucagon 25 into body 20 in response to commands 22.
[0017] Glucose sensor system 10 may include, by way of example but not limitation, a glucose sensor; sensor electrical
components to provide power to a glucose sensor and to generate sensor signal 16; a sensor communication system
to carry sensor signal 16 to controller 12; a sensor system housing for holding, covering, and/or containing electrical
components and a sensor communication system; any combination thereof, and so forth.
[0018] Controller 12 may include, by way of example but not limitation, electrical components, other hardware, firmware,
and/or software, etc. to generate commands 22 for insulin delivery system 14 and/or glucagon delivery system 15 based
at least partly on sensor signal 16. Controller 12 may also include a controller communication system to receive sensor
signal 16 and/or to provide commands 22 to insulin delivery system 14 and/or glucagon delivery system 15. In particular
example implementations, controller 12 may include a user interface and/or operator interface (e.g., a human interface
as shown in FIG. 9) comprising a data input device and/or a data output device. Such a data output device may, for
example, generate signals to initiate an alarm and/or include a display or printer for showing a status of controller 12
and/or a patient’s vital indicators, monitored historical data, combinations thereof, and so forth. Such a data input device
may comprise dials, buttons, pointing devices, manual switches, alphanumeric keys, a touch-sensitive display, combi-
nations thereof, and/or the like for receiving user and/or operator inputs. It should be understood, however, that these
are merely examples of input and output devices that may be a part of an operator and/or user interface and that claimed
subject matter is not limited in these respects.
[0019] Insulin delivery system 14 may include an infusion device and/or an infusion tube to infuse insulin 24 into body
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20. Similarly, glucagon delivery system 15 may include an infusion device and/or an infusion tube to infuse glucagon
25 into body 20. In alternative embodiments, insulin 24 and glucagon 25 may be infused into body 20 using a shared
infusion tube. In other alternative embodiments, insulin 24 and/or glucagon 25 may be infused using an intravenous
system for providing fluids to a patient (e.g., in a hospital or other medical environment). When an intravenous system
is employed, glucose may be infused directly into a bloodstream of a body instead of or in addition to infusing glucagon
into interstitial tissue. It should also be understood that certain example embodiments for closed loop glucose control
system 5 may include an insulin delivery system 14 without a glucagon delivery system 15 (or vice versa).
[0020] In particular example embodiments, an infusion device (not explicitly identified in FIG. 1) may include infusion
electrical components to activate an infusion motor according to commands 22; an infusion communication system to
receive commands 22 from controller 12; an infusion device housing (not shown) to hold, cover, and/or contain the
infusion device; any combination thereof; and so forth.
[0021] In particular example embodiments, controller 12 may be housed in an infusion device housing, and an infusion
communication system may comprise an electrical trace or a wire that carries commands 22 from controller 12 to an
infusion device. In alternative embodiments, controller 12 may be housed in a sensor system housing, and a sensor
communication system may comprise an electrical trace or a wire that carries sensor signal 16 from sensor electrical
components to controller electrical components. In other alternative embodiments, controller 12 may have its own housing
or may be included in a supplemental device. In yet other alternative embodiments, controller 12 may be co-located with
an infusion device and a sensor system within one shared housing. In further alternative embodiments, a sensor, a
controller, and/or infusion communication systems may utilize a cable; a wire; a fiber optic line; RF, IR, or ultrasonic
transmitters and receivers; combinations thereof; and/or the like instead of electrical traces, just to name a few examples.

Overview of Example Systems

[0022] FIGS. 2-6 illustrate example glucose control systems in accordance with certain embodiments. FIG. 2 is a front
view of example closed loop hardware located on a body in accordance with certain embodiments. FIGS. 3(a)-3(d) and
4 show different views and portions of an example glucose sensor system for use in accordance with certain embodiments.
FIG. 5 is a top view of an example infusion device with a reservoir door in an open position in accordance with certain
embodiments. FIG. 6 is a side view of an example infusion set with an insertion needle pulled out in accordance with
certain embodiments.
[0023] Particular example embodiments may include a sensor 26, a sensor set 28, a telemetered characteristic monitor
30, a sensor cable 32, an infusion device 34, an infusion tube 36, and an infusion set 38, any or all of which may be
worn on a body 20 of a user or patient, as shown in FIG. 2. As shown in FIGS. 3(a) and 3(b), telemetered characteristic
monitor 30 may include a monitor housing 31 that supports a printed circuit board 33, battery or batteries 35, antenna
(not shown), a sensor cable connector (not shown), and so forth. A sensing end 40 of sensor 26 may have exposed
electrodes 42 that may be inserted through skin 46 into a subcutaneous tissue 44 of a user’s body 20, as shown in FIGS.
3(d) and 4. Electrodes 42 may be in contact with interstitial fluid (ISF) that is usually present throughout subcutaneous
tissue 44.
[0024] Sensor 26 may be held in place by sensor set 28, which may be adhesively secured to a user’s skin 46, as
shown in FIGS. 3(c) and 3(d). Sensor set 28 may provide for a connector end 27 of sensor 26 to connect to a first end
29 of sensor cable 32. A second end 37 of sensor cable 32 may connect to monitor housing 31. Batteries 35 that may
be included in monitor housing 31 provide power for sensor 26 and electrical components 39 on printed circuit board
33. Electrical components 39 may sample sensor signal 16 (e.g., of FIG. 1) and store digital sensor values (Dsig) in a
memory. Digital sensor values Dsig may be periodically transmitted from a memory to controller 12, which may be
included in an infusion device.
[0025] With reference to FIG. 2 and 5 (and FIG. 1), a controller 12 may process digital sensor values Dsig and generate
commands 22 (e.g., of FIG. 1) for infusion device 34. Infusion device 34 may respond to commands 22 and actuate a
plunger 48 that forces insulin 24 (e.g., of FIG. 1) out of a reservoir 50 that is located inside an infusion device 34. Glucose
may be infused from a reservoir responsive to commands 22 using a similar and/or analogous device (not shown). In
alternative implementations, glucose may be administered to a patient orally.
[0026] In particular example embodiments, a connector tip 54 of reservoir 50 may extend through infusion device
housing 52, and a first end 51 of infusion tube 36 may be attached to connector tip 54. A second end 53 of infusion tube
36 may connect to infusion set 38 (e.g., of FIG. 2 and 6). With reference to FIG. 6 (and FIG. 1), insulin 24 (e.g., of FIG.
1) may be forced through infusion tube 36 into infusion set 38 and into body 16 (e.g., of FIG. 1). Infusion set 38 may be
adhesively attached to a user’s skin 46. As part of infusion set 38, a cannula 56 may extend through skin 46 and terminate
in subcutaneous tissue 44 to complete fluid communication between a reservoir 50 (e.g., of FIG. 5) and subcutaneous
tissue 44 of a user’s body 16.
[0027] In example alternative embodiments, as pointed out above, a closed-loop system in particular implementations
may be a part of a hospital-based glucose management system. Given that insulin therapy during intensive care has
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been shown to dramatically improve wound healing and reduce blood stream infections, renal failure, and polyneuropathy
mortality, irrespective of whether subjects previously had diabetes (See, e.g., Van den Berghe G. et al. NEJM 345:
1359-67, 2001), particular example implementations may be used in a hospital setting to control a blood glucose level
of a patient in intensive care. In such alternative embodiments, because an intravenous (IV) hookup may be implanted
into a patient’s arm while the patient is in an intensive care setting (e.g., ICU), a closed loop glucose control may be
established that piggy-backs off an existing IV connection. Thus, in a hospital or other medical-facility based system, IV
catheters that are directly connected to a patient’s vascular system for purposes of quickly delivering IV fluids, may also
be used to facilitate blood sampling and direct infusion of substances (e.g., insulin, glucose, anticoagulants, etc.) into
an intra-vascular space.
[0028] Moreover, glucose sensors may be inserted through an IV line to provide, e.g., real-time glucose levels from
the blood stream. Therefore, depending on a type of hospital or other medical-facility based system, such alternative
embodiments may not necessarily utilize all of the described system components. Examples of components that may
be omitted include, but are not limited to, sensor 26, sensor set 28, telemetered characteristic monitor 30, sensor cable
32, infusion tube 36, infusion set 38, and so forth. Instead, standard blood glucose meters and/or vascular glucose
sensors, such as those described in co-pending U.S. Patent Application Publication No. 2008/0221509 (U.S. Patent
Application No. 12/121,647; to Gottlieb, Rebecca et al.; entitled "MULTILUMEN CATHETER"), filed 15 May 2008, may
be used to provide blood glucose values to an infusion pump control, and an existing IV connection may be used to
administer insulin to an patient. Other alternative embodiments may also include fewer, more, and/or different components
than those that are described herein and/or illustrated in the accompanying Drawings.

Example System and/or Environmental Delays

[0029] Example system and/or environmental delays are described herein. Ideally, a sensor and associated compo-
nent(s) would be capable of providing a real time, noise-free measurement of a parameter, such as a blood glucose
measurement, that a control system is intended to control. However, in real-world implementations, there are typically
physiological, chemical, electrical, algorithmic, and/or other sources of time delays that cause a sensor measurement
to lag behind an actual present value. Also, as noted herein, such a delay may arise from, for instance, a particular level
of noise filtering that is applied to a sensor signal.
[0030] FIG. 7 is a cross-sectional view of an example sensor set and an example infusion set that is attached to a
body in accordance with an embodiment. In particular example implementations, as shown in FIG. 7, a physiological
delay may arise from a time that transpires while glucose moves between blood plasma 420 and interstitial fluid (ISF).
This example delay may be represented by a circled double-headed arrow 422. As discussed above with reference to
FIG. 2-6, a sensor may be inserted into subcutaneous tissue 44 of body 20 such that electrode(s) 42 (e.g., of FIG. 3
and 4) near a tip, or sending end 40, of sensor 26 are in contact with ISF. However, a parameter to be measured may
include a concentration of glucose in blood.
[0031] Glucose may be carried throughout a body in blood plasma 420. Through a process of diffusion, glucose may
move from blood plasma 420 into ISF of subcutaneous tissue 44 and vice versa. As blood glucose level 18 (e.g., of FIG.
1) changes, so does a glucose level of ISF. However, a glucose level of ISF may lag behind blood glucose level 18 due
to a time required for a body to achieve glucose concentration equilibrium between blood plasma 420 and ISF. Some
studies have shown that glucose lag times between blood plasma and ISF may vary between, e.g., 0 to 30 minutes.
Some parameters that may affect such a glucose lag time between blood plasma and ISF are an individual’s metabolism,
a current blood glucose level, whether a glucose level is rising or falling, combinations thereof, and so forth, just to name
a few examples.
[0032] A chemical reaction delay 424 may be introduced by sensor response times, as represented by a circle 424
that surrounds a tip of sensor 26 in FIG. 7. Sensor electrodes 42 (e.g., of FIG. 3 and 4) may be coated with protective
membranes that keep electrodes 42 wetted with ISF, attenuate the glucose concentration, and reduce glucose concen-
tration fluctuations on an electrode surface. As glucose levels change, such protective membranes may slow the rate
of glucose exchange between ISF and an electrode surface. In addition, there may be chemical reaction delay(s) due
to a reaction time for glucose to react with glucose oxidase GOX to generate hydrogen peroxide and a reaction time for
a secondary reaction, such as a reduction of hydrogen peroxide to water, oxygen, and free electrons.
[0033] Thus, an insulin delivery delay may be caused by a diffusion delay, which may be a time for insulin that has
been infused into a tissue to diffuse into the blood stream. Other contributors to insulin delivery delay may include, but
are not limited to: a time for a delivery system to deliver insulin to a body after receiving a command to infuse insulin; a
time for insulin to spread throughout a circulatory system once it has entered the blood stream; and/or by other mechanical,
electrical/electronic, or physiological causes alone or in combination, just to name a few examples. In addition, a body
clears insulin even while an insulin dose is being delivered from an insulin delivery system into the body. Because insulin
is continuously cleared from blood plasma by a body, an insulin dose that is delivered to blood plasma too slowly or is
delayed is at least partially, and possibly significantly, cleared before the entire insulin dose fully reaches blood plasma.
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Therefore, an insulin concentration profile in blood plasma may never achieve a given peak (nor follow a given profile)
that it may have achieved if there were no delay.
[0034] Moreover, there may also be a processing delay as an analog sensor signal Isig is converted to digital sensor
values Dsig. In particular example embodiments, an analog sensor signal Isig may be integrated over one-minute intervals
and converted to a number of counts. Thus, in such a case, an analog-to-digital (A/D) conversion time may result in an
average delay of 30 seconds. In particular example embodiments, one-minute values may be averaged into 5-minute
values before they are provided to controller 12 (e.g., of FIG. 1). A resulting average delay may be two-and-one-half
minutes (e.g., half of the averaging interval). In example alternative embodiments, longer or shorter integration times
may be used that result in longer or shorter delay times.
[0035] In other example embodiments, an analog sensor signal current Isig may be continuously converted to an
analog voltage Vsig, and an A/D converter may sample voltage Vsig every 10 seconds. Thus, in such a case, six 10-
second values may be pre-filtered and averaged to create a one-minute value. Also, five one-minute values may be
filtered and averaged to create a five-minute value that results in an average delay of two-and-one-half minutes. In other
alternative embodiments, other sensor signals from other types of sensors may be converted to digital sensor values
Dsig as appropriate before transmitting the digital sensor values Dsig to another device. Moreover, other embodiments
may use other electrical components, other sampling rates, other conversions, other delay periods, a combination thereof,
and so forth.

System Configuration Examples

[0036] FIG. 8(a)-8(d) illustrate example diagrams of one or more devices and their components for glucose control
systems in accordance with certain embodiments. These FIG. 8(a)-8(d) show exemplary, but not limiting, illustrations
of components that may be utilized with certain controller(s) that are described herein above. Various changes in com-
ponents, layouts of such components, combinations of elements, and so forth may be made without departing from the
scope of claimed subject matter.
[0037] Before it is provided as an input to controller 12 (e.g., of FIG. 1), a sensor signal 16 may be subjected to signal
conditioning such as pre-filtering, filtering, calibrating, and so forth, just to name a few examples. Components such as
a pre-filter, one or more filters, a calibrator, controller 12, etc. may be separately partitioned or physically located together
(e.g., as shown in FIG. 8(a)), and they may be included with a telemetered characteristic monitor transmitter 30, an
infusion device 34, a supplemental device, and so forth.
[0038] In particular example embodiments, a pre-filter, filter(s), and a calibrator may be included as part of telemetered
characteristic monitor transmitter 30, and a controller (e.g., controller 12) may be included with infusion device 34, as
shown in FIG. 8(b). In example alternative embodiments, a pre-filter may be included with telemetered characteristic
monitor transmitter 30, and a filter and calibrator may be included with a controller in an infusion device, as shown in
FIG. 8(c). In other alternative example embodiments, a pre-filter may be included with telemetered characteristic monitor
transmitter 30, while filter(s) and a calibrator are included in supplemental device 41, and a controller may be included
in the infusion device, as shown in FIG. 8(d).
[0039] In particular example embodiments, a sensor system may generate a message that includes information based
on a sensor signal such as digital sensor values, pre-filtered digital sensor values, filtered digital sensor values, calibrated
digital sensor values, commands, and so forth, just to name a few examples. Such a message may include other types
of information as well, including, by way of example but not limitation, a serial number, an ID code, a check value, values
for other sensed parameters, diagnostic signals, other signals, and so forth. In particular example embodiments, digital
sensor values Dsig may be filtered in a telemetered characteristic monitor transmitter 30, and filtered digital sensor
values may be included in a message sent to infusion device 34 where the filtered digital sensor values may be calibrated
and used in a controller. In other example embodiments, digital sensor values Dsig may be filtered and calibrated before
transmission to a controller in infusion device 34. Alternatively, digital sensor values Dsig may be filtered, calibrated,
and used in a controller to generate commands 22 that are sent from telemetered characteristic monitor transmitter 30
to infusion device 34.
[0040] In further example embodiments, additional components, such as a post-calibration filter, a display, a recorder,
a blood glucose meter, etc. may be included in devices with any of the other components, or they may stand-alone. If
a blood glucose meter is built into a device, for instance, it may be co-located in the same device that contains a calibrator.
In alternative example embodiments, more, fewer, and/or different components may be implemented than those that
are shown in FIG. 8 and/or described herein above.
[0041] In particular example embodiments, RF telemetry may be used to communicate between devices that contain
one or more components, such as telemetered characteristic monitor transmitter 30 and infusion device 34. In alternative
example embodiments, other communication mediums may be employed between devices, such as wireless wide area
network (WAN) (e.g., cell communication), Wi-Fi, wires, cables, IR signals, laser signals, fiber optics, ultrasonic signals,
and so forth, just to name a few examples.
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Example Approaches to Glucose Sensor Signal Reliability Analysis

[0042] FIG. 9 is a schematic diagram of an example closed loop system 900 to control blood glucose levels via insulin
infusion and/or glucagon infusion using at least a controller based on glucose level feedback via a sensor signal in
accordance with an embodiment. In particular example embodiments, a closed loop control system may be used for
delivering insulin to a body to compensate for β-cells that perform inadequately. There may be a desired basal blood
glucose level GB for a particular body. A difference between a desired basal blood glucose level GB and an estimate of
a present blood glucose level G is the glucose level error GE that may be corrected. For particular example embodiments,
glucose level error GE may be provided as an input to controller 12, as shown in FIG. 9. Although at least a portion of
controller 12 may be realized as a proportional-integral-derivative (PID) controller, claimed subject matter is not so
limited, and controller 12 may be realized in alternative manners.
[0043] If glucose level error GE is positive (meaning, e.g., that a present estimate of blood glucose level G is higher
than a desired basal blood glucose level GB), then a command from controller 12 may generate a command 22 to drive
insulin delivery system 34 to provide insulin 24 to body 20. Insulin delivery system 34 may be an example implementation
of insulin delivery system 14 (e.g., of FIG. 1). Likewise, if GE is negative (meaning, e.g., that a present estimate of blood
glucose level G is lower than a desired basal blood glucose level GB), then a command from controller 12 may generate
a command 22 to drive glucagon delivery system 35 to provide glucagon 25 to body 20. Glucagon delivery system 35
may be an example implementation of glucagon delivery system 15 (e.g., of FIG. 1).
[0044] Closed loop system 900 may also include and/or be in communication with a human interface 65. Example
implementations for a human interface 65 are described herein above with particular reference to FIG. 1 in the context
of an output device. As shown, human interface 65 may receive one or more commands 22 from controller 12. Such
commands 22 may include, by way of example but not limitation, one or more commands to communicate information
to a user (e.g., a patient, a healthcare provider, etc.) visually, audibly, haptically, some combination thereof, and so forth.
Such information may include data, an alert, or some other notification 55. Human interface 65 may include a screen,
a speaker, a vibration mechanism, any combination thereof, and so forth, just to name a few examples. Hence, in
response to receiving a command 22 from controller 12, human interface 65 may present at least one notification 55 to
a user via a screen, a speaker, a vibration, and so forth.
[0045] In terms of a control loop for purposes of discussion, glucose may be considered to be positive, and therefore
insulin may be considered to be negative. Sensor 26 may sense an ISF glucose level of body 20 and generate a sensor
signal 16. For certain example embodiments, a control loop may include a filter and/or calibration unit 456 and/or
correction algorithm(s) 454. However, this is by way of example only, and claimed subject matter is not so limited. Sensor
signal 16 may be filtered/or and calibrated at unit 456 to create an estimate of present blood glucose level 452. Although
shown separately, filter and/or calibration unit 456 may be integrated with controller 12 without departing from claimed
subject matter. Moreover, filter and/or calibration unit 456 may alternatively be realized as part of controller 12 (or vice
versa) without departing from claimed subject matter.
[0046] In particular example embodiments, an estimate of present blood glucose level G may be adjusted with correction
algorithms 454 before it is compared with a desired basal blood glucose level GB to calculate a new glucose level error
GE to start a loop again. Also, an attendant, a caretaker, a patient, etc. may obtain blood glucose reference sample
measurements from a patient’s blood using, e.g., glucose test strips. These blood-based sample measurements may
be used to calibrate ISF-based sensor measurements, e.g. using techniques such as those described in U.S. Patent
No. 6,895,263, issued 17 May 2005, and/or other techniques. Although shown separately, a correction algorithms unit
454 may be integrated with controller 12 without departing from claimed subject matter. Moreover, correction algorithms
unit 454 may alternatively be realized as part of controller 12 (or vice versa) without departing from claimed subject
matter. Similarly, a difference unit and/or other functionality for calculating GE from G and GB may be incorporated as
part of controller 12 without departing from claimed subject matter.
[0047] For an example PID-type of controller 12, if a glucose level error GE is negative (meaning, e.g., that a present
estimate of blood glucose level is lower than a desired basal blood glucose level GB), then controller 12 may reduce or
stop insulin delivery depending on whether an integral component response of a glucose error GE is still positive. In
alternative embodiments, as discussed below, controller 12 may initiate infusion of glucagon 25 if glucose level error
GE is negative. If a glucose level error GE is zero (meaning, e.g., that a present estimate of blood glucose level is equal
to a desired basal blood glucose level GB), then controller 12 may or may not issue commands to infuse insulin 24 or
glucagon 25, depending on a derivative component (e.g., whether a glucose level is rising or falling) and/or an integral
component (e.g., how long and by how much a glucose level has been above or below basal blood glucose level GB).
[0048] To more clearly understand the effects that a body has on such a control loop, a more detailed description of
example physiological effects that insulin may have on glucose concentration in ISF is provided. In particular example
embodiments, infusion delivery system 34 may deliver insulin into ISF of subcutaneous tissue 44 (e.g., also of FIGS. 3,
4, and 6) of body 20. Alternatively, insulin delivery system 34 or a separate infusion device (e.g., glucagon delivery
system 35) may similarly deliver glucose and/or glucagon into ISF of subcutaneous tissue 44. Here, insulin 24 may
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diffuse from local ISF surrounding a cannula into blood plasma and spread throughout body 20 in a main circulatory
system (e.g., as represented by blood stream 47). Infused insulin may diffuse from blood plasma into ISF substantially
throughout the entire body.
[0049] Here in the body, insulin 24 may bind with and activate membrane receptor proteins on cells of body tissues.
This may facilitate glucose permeation into activated cells. In this way, tissues of body 20 may take up glucose from
ISF. As ISF glucose level decreases, glucose may diffuse from blood plasma into ISF to maintain glucose concentration
equilibrium. Glucose in ISF may permeate a sensor membrane of sensor 26 and affect sensor signal 16.
[0050] In addition, insulin may have direct and indirect effects on liver glucose production. Typically, increased insulin
concentration may decrease liver glucose production. Therefore, acute and immediate insulin response may not only
help a body to efficiently take up glucose, but it may also substantially stop a liver from adding to glucose in the blood
stream. In alternative example embodiments, as pointed out above, insulin and/or glucose may be delivered more directly
into the blood stream instead of into ISF, such as by delivery into veins, arteries, the peritoneal cavity, and so forth, just
to name a few examples. Accordingly, any time delay associated with moving insulin and/or glucose from ISF into blood
plasma may be diminished. In other alternative example embodiments, a glucose sensor may be in contact with blood
or other body fluids instead of ISF, or a glucose sensor may be outside of a body such that it may measure glucose
through a non-invasive means. Embodiments using alternative glucose sensors may have shorter or longer delays
between an actual blood glucose level and a measured blood glucose level.
[0051] A continuous glucose measuring sensor (CGMS) implementation for sensor 26, for example, may detect a
glucose concentration in ISF and provide a proportional current signal. A current signal (isig) may be linearly correlated
with a reference blood glucose concentration (BG). Hence, a linear model, with two parameters (e.g., slope and offset),
may be used to calculate a sensor glucose concentration (SG) from sensor current isig.
[0052] One or more controller gains may be selected so that commands from a controller 12 direct infusion device 34
to release insulin 24 into body 20 at a particular rate. Such a particular rate may cause insulin concentration in blood to
follow a similar concentration profile as would be caused by fully functioning human β-cells responding to blood glucose
concentrations in a body. Similarly, controller gain(s) may be selected so that commands 22 from controller 12 direct
an infusion device of glucagon delivery system 35 to release glucagon 25 in response to insulin excursions. In particular
example embodiments, controller gains may be selected at least partially by observing insulin response(s) of several
normal glucose tolerant (NGT) individuals having healthy, normally-functioning β-cells.
[0053] In one or more example implementations, a system may additionally include a communication unit 458. A
communication unit 458 may comprise, by way of example but not limitation, a wireless wide area communication module
(e.g., a cell modem), a transmitter and/or a receiver (e.g., a transceiver), a Wi-Fi or Bluetooth chip or radio, some
combination thereof, and so forth. Communication unit 458 may receive signals from, by way of example but not limitation,
filter and/or calibration unit 456, sensor 26 (e.g., sensor signal 16), controller 12 (e.g. commands 22), any combination
thereof, and so forth. Although not specifically shown in FIG. 9, communication unit 458 may also receive signals from
other units (e.g., correction algorithms unit 454, a delivery system 34 and/or 35, human interface 65, etc.). Also, com-
munication unit 458 may be capable of providing signals to any of the other units of FIG. 9 (e.g., controller 12, filter
and/or calibration unit 456, human interface 65, etc.). Communication unit 458 may also be integrated with or otherwise
form a part of another unit, such as controller 12 or filter and/or calibration unit 456.
[0054] Communication unit 458 may be capable of transmitting calibration output; calibration failure alarms; control
algorithm states; sensor signal alerts; and/or other physiological, hardware, and/or software data (e.g., diagnostic data);
and so forth to a remote data center for additional processing and/or storage (e.g., for remote telemetry purposes).
These transmissions can be performed in response to discovered/detected conditions, automatically, semi-automatically
(e.g., at the request of the remote data center), manually at the request of the patient, any combination thereof, and so
forth, just to provide a few examples. The data can be subsequently served on request to remote clients including, but
not limited to, mobile phones, physician’s workstations, patient’s desktop computers, any combination of the above, and
so forth, just to name a few examples. Communication unit 458 may also be capable of receiving from a remote location
various information, including but not limited to: calibration information, instructions, operative parameters, other control
information, some combination thereof, and so forth. Such control information may be provided from communication
unit 458 to other system unit(s) (e.g., controller 12, filter and/or calibration unit 456, etc.).
[0055] FIG. 10 is a schematic diagram of at least a portion of an example controller 12 including a sensor signal
reliability analyzer 1002 that may include a non-physiological anomaly detector 1008 and/or a responsiveness detector
1010 in accordance with an embodiment. As illustrated, controller 12 may include a sensor signal reliability analyzer
1002, and controller 12 may include or have access to a series of samples 1004 and may produce at least one alert
signal 1006.
[0056] For certain example embodiments, series of samples 1004 may comprise multiple samples taken from a sensor
signal 16 (e.g., also of FIG. 1 and 9) at multiple sampling times. Thus, series of samples 1004 may include multiple
samples of at least one sensor signal, such as sensor signal 16, and may be responsive to a blood glucose level of a patient.
[0057] Sensor signal reliability analyzer 1002 may consider one or more facets of series of samples 1004 to assess
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at least one reliability aspect of a sensor signal. Based at least partly on such assessment(s), sensor signal reliability
analyzer 1002 may produce at least one alert signal 1006. Such an alert signal 1006 may be issued when an assessment
indicates that a sensor signal may not be sufficiently reliable so as to justify entrusting a patient’s health to closed-loop
glucose control decisions that are based on such an unreliable sensor signal. In example implementations, an alert
signal 1006 may comprise at least one command 22 (e.g., also of FIG. 1 and 9) that is issued from controller 12. For
instance, an alert signal 1006 may be provided to a human interface 65 (e.g., of FIG. 9) and/or an insulin delivery system
34 (e.g., of FIG. 9). Alternatively and/or additionally, an alert signal 1006 may be provided to another component and/or
unit of (e.g., that is internal of) controller 12.
[0058] An example sensor signal reliability analyzer 1002 of a controller 12 may include a non-physiological anomaly
detector 1008 and/or a responsiveness detector 1010. In certain example embodiments, a non-physiological anomaly
detector 1008 may consider one or more facets of series of samples 1004 to analyze at least one purity aspect of a
sensor signal. An alert signal 1006 may be issued if an assessment indicates that a sensor signal may not be sufficiently
pure inasmuch as it may additionally include artificial fluctuations that obscure a true blood glucose level valuation. By
way of example only, one or more non-physiological anomalies may comprise artificial dynamics of at least one sensor
signal that do not correlate with or otherwise represent blood glucose concentrations of a patient. In such situations,
characterization of the one or more non-physiological anomalies may comprise detection of the artificial dynamics of
the at least one sensor signal using the series of samples of the at least one sensor signal. Example embodiments for
non-physiological anomaly detector 1008 are described further herein below with particular reference to FIGS. 11-13B.
[0059] In certain example embodiments, a responsiveness detector 1010 may consider one or more facets of series
of samples 1004 to analyze at least one stability aspect of a sensor signal. An alert signal 1006 may be issued if an
assessment indicates that a sensor signal may not be sufficiently stable inasmuch as it may be drifting away from a true
blood glucose level valuation over time. By way of example only, an underlying trend of series of samples 1004 may
reflect a potential divergence by the at least one sensor signal from a blood glucose level of a patient to an increasing
extent over time due to a change in responsiveness of the at least one sensor signal to the blood glucose level of the
patient. Example embodiments for responsiveness detector 1010 are described further herein below with particular
reference to FIGS. 14-16C.
[0060] FIG. 11 is a schematic diagram of an example non-physiological anomaly detector 1008 that may include a
sensor signal purity analyzer 1104 in accordance with an embodiment. As illustrated, non-physiological anomaly detector
1008 may include or have access to a series of samples 1004, a quantitative deviation metric determiner 1102, a sensor
signal purity analyzer 1104, and an alert generator 1106. Quantitative deviation metric determiner 1102 may estimate
a quantitative deviation metric 1108. Sensor signal purity analyzer 1104 may include at least one purity threshold 1110.
[0061] For certain example embodiments, series of samples 1004 may be provided to quantitative deviation metric
determiner 1102. Series of samples 1004 may be obtained from at least one sensor signal (e.g., as shown in FIG. 9 and
10), and the at least one sensor signal may be acquired from one or more subcutaneous glucose sensors (e.g., as
shown in FIG. 9). Generally, a quantitative deviation metric determiner 1102 may determine at least one metric that
quantitatively represents a deviation between a blood glucose level of a patient and at least one sensor signal.
[0062] More specifically, a quantitative deviation metric determiner 1102 may determine (e.g., calculate, estimate,
ascertain, combinations thereof, etc.) at least one metric assessing a quantitative deviation (e.g., quantitative deviation
metric 1108) based at least in part on series of samples 1004 to characterize one or more non-physiological anomalies
of a representation of a blood glucose level of a patient by at least one sensor signal. In an example implementation,
an at least one metric assessing a quantitative deviation may reflect an apparent reliability of at least one sensor signal
that is generated by and acquired from one or more subcutaneous glucose sensors. In another example implementation,
an at least one metric assessing a quantitative deviation may reflect a noise level of at least one sensor signal and/or
an artifact level of the at least one sensor signal. Quantitative deviation metric 1108 may be provided to sensor signal
purity analyzer 1104 (e.g., from quantitative deviation metric determiner 1102).
[0063] In example embodiments, a quantitative deviation metric 1108 may reflect whether and/or an extent to which
a sensor signal is affected by non-physiological anomalies, such as noise, sensor artifacts, sudden signal dropouts,
motion-related artifacts, lost transmissions, combinations thereof, and so forth, just to name a few examples. By way of
example but not limitation, a quantitative deviation metric 1108 may be related to a variance or a derivative thereof. For
example, a metric assessing a quantitative deviation may comprise a representation of a variance of a random factor
in a signal and/or samples thereof. As another example, a metric assessing a quantitative deviation may comprise a
representation of a variance expressed in a residual subspace produced by principal component analysis. However,
these are merely examples of a metric assessing a quantitative deviation, and claimed subject matter is not limited in
these respects.
[0064] A sensor signal purity analyzer 1104 may perform at least one purity assessment with respect to at least one
sensor signal based at least in part on a metric assessing a quantitative deviation (e.g., quantitative deviation metric
1108). Such a purity assessment may comprise at least one comparison including a quantitative deviation metric 1108
and one or more purity thresholds 1110 (e.g., at least one predetermined threshold). If a purity of a sensor signal is
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impaired because one or more non-physiological anomalies are adversely affecting a representation of a blood glucose
level of a patient by the sensor signal, then sensor signal purity analyzer 1104 may cause alert generator 1106 to issue
an alert signal 1006.
[0065] FIG. 12 is a flow diagram 1200 of an example method for handling non-physiological anomalies that may be
present in a glucose sensor signal in accordance with an embodiment. As illustrated, flow diagram 1200 may include
five operational blocks 1202-1210. Although operations 1202-1210 are shown and described in a particular order, it
should be understood that methods may be performed in alternative orders and/or manners (including with a different
number of operations) without departing from claimed subject matter. At least some operation(s) of flow diagram 1200
may be performed so as to be fully or partially overlapping with other operation(s). Additionally, although the description
below may reference particular aspects and features illustrated in certain other figures, methods may be performed with
other aspects and/or features.
[0066] For certain example implementations, at operation 1202, a series of samples of at least one sensor signal that
is responsive to a blood glucose level of a patient may be obtained. At operation 1204, at least one metric may be
determined, based at least partly on the series of samples of the at least one sensor signal, to characterize one or more
non-physiological anomalies of a representation of the blood glucose level of the patient by the at least one sensor signal.
[0067] At operation 1206, a reliability of the at least one sensor signal to represent the blood glucose level of the
patient may be assessed based at least partly on the at least one metric. At operation 1208, an alert signal may be
generated responsive to a comparison of the at least one metric with at least one predetermined threshold. In an example
implementation, an alert may be generated by initiating a signal to indicate to a blood glucose controller that a sensor
that generated the at least one sensor signal was not functioning reliably for at least part of a time while the series of
samples was being obtained. In another example implementation, an alert may be generated by presenting at least one
human-perceptible indication that a sensor that generated the at least one sensor signal was not functioning reliably for
at least part of a time while the series of samples was being obtained.
[0068] At operation 1210, an insulin infusion treatment for the patient may be altered responsive at least partly to the
assessed reliability of the at least one sensor signal. For example, an insulin infusion treatment for a patient may be
altered by changing (e.g., increasing or decreasing) an amount of insulin being infused, by ceasing an infusion of insulin,
by delaying infusion until more samples are taken, by switching to a different sensor, by switching to a manual mode,
by changing a relative weighting applied to a given sensor or sensors and/or the samples acquired there from, any
combination thereof, and so forth, just to name a few examples.
[0069] For certain example implementations, a continuous glucose monitoring sensor may measure glucose concen-
tration in ISF by oxidizing localized glucose with the help of a glucose-oxidizing enzyme. Sensor output may be a current
signal (isig, nAmps) that is directly proportional to glucose concentration in ISF. Due to various reasons (e.g., immune
response, motion artifact, pressure on sensor-area, localized depletion of glucose, etc.), sensor current may display
sudden artificial dynamics which do not necessarily correlate with dynamics of actual blood glucose levels of a patient.
Such artificial sensor dynamics may be classified as comprising or being related to sensor-noise and/or sensor-artifact(s).
[0070] One or more of various techniques may be implemented to detect such sensor-noise and/or artifacts. By way
of example but not limitation, fault detection by dynamic principal component analysis (DPCA) is described below for
detecting sensor-noise and/or sensor artifacts. PCA may use multivariate statistics to reduce a number of dimensions
of source data by projecting it onto a lower dimensional space. PCA may include a linear transformation of original
variables into a new set of variables that are uncorrelated to each other.
[0071] For an example implementation, let ’x’ be a data vector. Here, ’x’ may contain a time series of samples of sensor
current as shown in equation (1):

where,
t : current sampling point
The data vector ’x’ may be centered by its mean and scaled by dividing with its standard deviation as shown below in
equation (2):
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where,

xAVG : mean of x
xSTD : standard deviation of x which is bounded by lowerbound xLB and upperbound xUB

[0072] A dynamic matrix may be created by stacking the data vector ’x’ in the following manner:

A covariance of the Z-matrix (S) can be decomposed using singular value decomposition to obtain a matrix containing
eigenvectors (P) (e.g., also known as a loading matrix) and a diagonal matrix containing the eigenvalues Λ, as shown
below: 

[0073] Such transformed data may be written as shown in equation (5):

[0074] Original data can be represented by a smaller number of principal components due to redundancy in data. This
can result in one or more eigenvalues being equal to (or close to) zero. Consequently, the first ’k’ (e.g., k may be equal
to 2) eigenvalues, and their corresponding eigenvectors, may be used to form a PCA model, with other eigenvalues and
eigenvectors being omitted. New scaled principal components may be written as shown in equation (6):

[0075] Statistical quantities in a PCA model and a corresponding residual space may be checked by Hotelling’s T2

and/or Q statistics, respectively. T2 statistics may indicate a quality of a model and may explain a normalized variance
in a model subspace. Q statistics may indicate a size of a residual subspace and may represent a variance of random
noise/artifacts expressed in the residual subspace.
[0076] Hotelling’s T2 statistic may be obtained by equation (7):

A Q statistic, which may be single-valued for each time point, for a residual subspace may be determined using equation
(8):

When a Q statistic or statistics exceeds a predetermined (e.g., purity) threshold value (e.g., denoted QTH), one or more
alerts may be issued indicating random sensor-noise and/or artifacts are present to a degree that indicates a sensor
signal is unreliable.
[0077] In certain example implementations, determination of at least one metric may therefore include ascertaining a
residual portion of at least one sensor signal based at least in part on a series of samples of the at least one sensor
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signal and determining at least one value associated with the residual portion of the at least one sensor signal.
[0078] In further example implementations, one or more principal components of the at least one sensor signal may
be ascertained based at least in part on the series of samples of the at least one sensor signal. As such, the ascertaining
of a residual portion may further include ascertaining the residual portion of the at least one sensor signal based at least
in part on the ascertained one or more principal components. And, the determining of the at least one value associated
with the residual portion may further include estimating a characteristic of random noise expressed in a subspace
associated with the residual portion of the at least one sensor signal, with the characteristic comprising one or more
values descriptive of how data are distributed with respect to an average of the data.
[0079] FIG. 13A and 13B depict graphical diagrams 1300 and 1350 that illustrate example comparisons between
sensor signal values and measured blood glucose values in relation to non-physiological anomalies for first and second
sensors, respectively, in accordance with an embodiment. As illustrated, graphical diagrams 1300 (e.g., graphs 1302
and 1304) correspond to a first sensor. Graphical diagrams 1350 (e.g., graphs 1352 and 1354) correspond to a second
sensor.
[0080] To develop data for graphical diagrams 1300 and 1350, retrospective sensor fault analysis was performed on
data obtained from a closed-loop clinical experiment. Two sensors were inserted on a type 1 diabetic subject, and data
was collected for 36 hours. Sensor current (isig) is plotted along with interpolated blood glucose (BG) concentration
obtained from a glucose analyzer (also known as YSI).
[0081] As shown, along the abscissa axis of all four graphs 1302, 1304, 1352, and 1354, time (minutes) is depicted
extending from 200 to 2000. Graphs 1302 and 1352 depict isig (nAmps) from 0 to 40 along a left ordinate axis and depict
BG (mg/dL) from 0 to 300 along a right ordinate axis. Graphs 1304 and 1354 depict Q statistics from 0 to 3 and from 0
to 2, respectively, along an ordinate axis. A dashed line runs horizontally along graphs 1304 and 1354 at Q=1 (e.g., an
example of QTH).
[0082] In graphs 1302 and 1352, solid lines represent current sensor signal values (isig), and dashed lines represent
measured blood glucose (BG). In graphs 1304 and 1354, solid lines represent values for Q statistics. Circles or dots in
graphs 1302 and 1352 indicate time-points when Q-statistics exceed a predetermined threshold value (e.g., QTH = 1).
By comparing times having relatively higher Q statistical values (e.g., above the dashed line at QTH = 1) in graphs 1304
and 1354 to the solid lines of graphs 1302 and 1352, respectively, it is apparent that higher Q values correspond to
times when the solid lines deviate more rapidly with respect to the dashed lines due to impurities in the sensor signal.
It also appears that sensor 1 (of graphical diagrams 1300) was noisier than sensor 2 (of graphical diagrams 1350) during
the closed-loop clinical experiment.
[0083] FIG. 14 is a schematic diagram of an example responsiveness detector 1010 that may include a sensor signal
stability analyzer 1404 in accordance with an embodiment. As illustrated, responsiveness detector 1010 may include or
have access to a series of samples 1004, an underlying trend metric determiner 1402, a sensor signal stability analyzer
1404, and an alert generator 1406. Underlying trend metric determiner 1402 may estimate an underlying trend metric
1408. Sensor signal stability analyzer 1404 may include at least one stability threshold 1410.
[0084] For certain example embodiments, series of samples 1004 may be provided to underlying trend metric deter-
miner 1402. Series of samples 1004 may be obtained from at least one sensor signal (e.g., as shown in FIGS. 9 and
10), and the at least one sensor signal may be acquired from one or more subcutaneous glucose sensors (e.g., as
shown in FIG. 9).
[0085] An underlying trend metric determiner 1402 may determine (e.g., calculate, estimate, ascertain, combinations
thereof, etc.) at least one metric assessing an underlying trend (e.g., underlying trend metric 1408) based at least in part
on series of samples 1004 to identify a change in responsiveness of at least one sensor signal to blood glucose levels
of a patient over time. Underlying trend metric 1408 may be provided to sensor signal stability analyzer 1404 (e.g., from
underlying trend metric determiner 1402).
[0086] In example embodiments, an underlying trend metric 1408 may reflect whether and/or an extent to which a
sensor signal is affected by an unstable sensor, such as a sensor that has a changing responsiveness to blood glucose
levels of a patient over time. For instance, a glucose sensor may diverge from sensing an accurate glucose level over
time (e.g., that diverges upward or downward due to drift). By way of example but not limitation, an underlying trend
metric 1408 may be related to a fundamental, long-term, overall, etc. trend of sensor data and/or values sampled from
such sensor data. For example, a metric assessing an underlying trend may comprise a monotonic curve derived from
sampled data, an iteratively grown trend value, combinations thereof, and so forth, just to name a couple of examples.
As another example, a metric assessing an underlying trend may comprise a slope of a linear regression applied to
sampled data, a slope of a linear regression applied to a monotonic curve, some combination thereof, and so forth, just
to name a couple of examples. However, these are merely examples of a metric assessing an underlying trend, and
claimed subject matter is not limited in these respects.
[0087] A sensor signal stability analyzer 1404 may perform at least one stability assessment with respect to at least
one sensor signal based at least in part on a metric assessing an underlying trend (e.g., underlying trend metric 1408).
Such a stability assessment may comprise at least one comparison of an underlying trend metric 1408 with one or more
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stability thresholds 1410 (e.g., at least one predetermined threshold). By way of example only, a stability assessment
may include comparing at least one metric assessing an underlying trend with at least a first predetermined threshold
and a second predetermined threshold.
[0088] In example implementations including first and second predetermined thresholds, performance of a stability
assessment may include assessing a reliability of at least a sensor signal as being in a first state (e.g., a stable state),
a second state (e.g., an unstable and drifting state), or a third state (e.g., an unstable and dying state). For example, a
reliability of at least one sensor signal may be assessed to be in a first state responsive to a comparison of at least one
metric assessing an underlying trend with a first predetermined threshold. A reliability of at least one sensor signal may
be assessed to be in a second state responsive to a comparison of at least one metric assessing an underlying trend
with a first predetermined threshold and a second predetermined threshold. A reliability of at least one sensor signal
may be assessed to be in a third state responsive to a comparison of at least one metric assessing an underlying trend
with a second predetermined threshold .
[0089] If a responsiveness of a sensor signal is assessed to be changing, then sensor signal stability analyzer 1404
may cause alert generator 1406 to issue an alert signal 1006. In an alternative implementation, non-physiological anomaly
detector 1008 and responsiveness detector 1010 may share an alert generator (e.g., alert generator 1106 (of FIG. 11)
and alert generator 1406 may comprise a single alert generator).
[0090] FIG. 15 is a flow diagram 1500 of an example method for handling apparent changes in responsiveness of a
glucose sensor signal to blood glucose levels in a patient in accordance with an embodiment. As illustrated, flow diagram
1500 may include five operational blocks 1502-1510. Although operations 1502-1510 are shown and described in a
particular order, it should be understood that methods may be performed in alternative orders and/or manners (including
with a different number of operations) without departing from claimed subject matter. At least some operation(s) of flow
diagram 1500 may be performed so as to be fully or partially overlapping with other operation(s). Additionally, although
the description below may reference particular aspects and features illustrated in certain other figures, methods may be
performed with other aspects and/or features.
[0091] For certain example implementations, at operation 1502, a series of samples of at least one sensor signal that
is responsive to a blood glucose level of a patient may be obtained. At operation 1504, at least one metric assessing
an underlying trend may be determined, based at least in part on the series of samples of the at least one sensor signal,
to identify whether the at least one sensor signal appears is changing a responsiveness to the blood glucose level of
the patient over time.
[0092] At operation 1506, a reliability of the at least one sensor signal to respond to the blood glucose level of the
patient may be assessed based at least partly on the at least one metric assessing an underlying trend. For example,
a comparison of the at least one metric assessing an underlying trend with at least one predetermined threshold may
be performed. At operation 1508, an alert signal may be generated responsive to a comparison of the at least one metric
assessing an underlying trend with at least one predetermined threshold,
[0093] At operation 1510, an insulin infusion treatment for the patient may be altered responsive at least partly to the
assessed reliability of the at least one sensor signal. For example, an insulin infusion treatment for a patient may be
altered by changing (e.g., increasing or decreasing) an amount of insulin being infused, by ceasing an infusion of insulin,
by delaying infusion until more samples are taken, by switching to a different sensor, by switching to a manual mode,
by changing a relative weighting applied to a given sensor or sensors and/or the samples acquired there from, any
combination thereof, and so forth, just to name a few examples.
[0094] In certain example implementations, a subcutaneous glucose sensor may measure the glucose level in body
fluid. An electro-chemical glucose sensor may generate current at a nanoAmp level. An amplitude of such current may
change based on a glucose level in the body fluid; hence, glucose measurement may be performed. Glucose sensors
may be designed to stay in a body for, for example, several days. Unfortunately, a signal provided from some sensors
may gradually drift down (or up) (e.g., a current level may gradually drift higher or lower), and such a signal may eventually
die out due to sensor defects, environmental factors, or other issues. Sensor fault detection may therefore involve
determining whether a signal from a sensor has become unreliable due to a drifting of the signal, such that the signal
increasingly diverges further from actual physiological activity of a patient’s blood glucose level.
[0095] FIG. 16A depicts a graphical diagram 1600 that illustrates an example of a downward drifting sensor signal
along with physiological activity in accordance with an embodiment. Because an overall sensor signal from a sensor is
drifting downward while a blood glucose level is not, a response to physiological activity by the sensor may be considered
to be unstable and/or dying. The sensor signal appears to be diverging from an actual blood glucose level to an increasing
extent as time elapses.
[0096] For certain example implementations, detection of such diverging (e.g., drifting) of a sensor signal may include
two phases. A first phase may include trend estimation in which an underlying signal trend (e.g., a fundamental, overall,
long-term, etc. trend) of a sensor signal is determined. A second phase may include performing an assessment (e.g.,
a stability analysis) to determine whether an estimated underlying trend indicates drifting of the sensor signal.
[0097] Any one or more of multiple different approaches may be implemented to estimate an underlying signal trend.
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Three example implementation approaches for trend estimation are described below: empirical mode decomposition,
wavelet decomposition, and iterative trend estimation. With an example implementation of empirical mode decomposition,
at least one metric assessing an underlying trend may be determined by decomposing at least one sensor signal as
represented by a series of samples using spline functions to remove relatively higher frequency components from the
at least one sensor signal. With an example implementation of wavelet decomposition, at least one metric assessing
an underlying trend may be determined by decomposing at least one sensor signal as represented by a series of samples
using at least one discrete wavelet transform and reconstructing a smoothed signal from one or more approximation
coefficients resulting from the at least one discrete wavelet transform. With an example implementation of iterative trend
estimation, at least one metric assessing an underlying trend may be determined by iteratively updating a trend estimation
at multiple samples of a series of samples of at least one sensor signal based at least partly on a trend estimation at a
previous sample and a growth term.
[0098] First, an example of empirical mode decomposition (EMD) is described. EMD may be based on an initial part
of a Hilbert-Huang Transform (HHT). HHT is designed to perform "instantaneous" frequency estimation for nonlinear,
non-stationary signals. EMD may be used for signal decomposition in HHT. In EMD, spline functions may be used to
gradually remove details from an original signal. Such a procedure may be repeated until a monotonic curve or a curve
with but one extreme value remains. Such a monotonic (e.g., smooth) curve may be considered an example of an
estimation of an underlying trend and/or underlying trend metric for a signal. A linear regression may be performed on
a monotonic curve. A slope of such a linear regression may represent a quantitative measurement of a signal trend (Tr)
of a sensor signal and may be considered an example of an estimated underlying trend metric.
[0099] Second, an example of wavelet decomposition is described. In wavelet decomposition, a discrete wavelet
transform (DWT) may be used to decompose a signal into different levels of details. A detail level having a smoothest
signal may be considered an approximation signal, which can be reconstructed from approximation coefficients calculated
from a DWT. A smooth signal that is reconstructed from approximation coefficients may be considered an example of
an estimation of an underlying trend and/or underlying trend metric for a signal. A linear regression may be performed
on an approximation signal. A slope of such a linear regression may represent a quantitative measurement of a signal
trend (Tr) of a sensor signal and may be considered an example of an estimated underlying trend metric.
[0100] FIG. 16B and 16C depict graphical diagrams 1630 and 1660, respectively, that illustrate multiple example
glucose signals and corresponding monotonic fundamental signal trends as generated by first and second example
signal trend analysis approaches, respectively, in accordance with an embodiment. Graphical diagrams 1630 correspond
to an example EMD approach, and graphical diagrams 1660 correspond to an example wavelet decomposition approach.
[0101] Graphs 1632a, 1634a, and 1636a and graphs 1662a, 1664a, and 1666a depict example signals from a glucose
sensor. Graphs 1632b, 1634b, and 1636b depict example respective corresponding monotonic fundamental signal
trends generated by an example EMD approach. Graphs 1662b, 1664b, and 1666b depict example respective corre-
sponding monotonic fundamental signal trends generated by an example wavelet decomposition approach via smoothed
signals that are reconstructed from approximation coefficients.
[0102] In example implementations, at least one metric assessing an underlying trend may be determined by producing
the at least one metric assessing an underlying trend using a slope of a linear regression that is derived at least partly
from a series of samples of the at least one sensor signal. In further example implementations, a series of samples of
at least one sensor signal may be transformed to derive a monotonic curve, and production of at least one metric
assessing an underlying trend may include calculating a slope of a linear regression, with the linear regression being
derived at least partly from the monotonic curve.
[0103] Third, an example of iterative trend estimation is described. In iterative trend estimation, a trend at each signal
sample n may be iteratively calculated based on a trend at a previous signal sample n-1. An initial trend can be estimated
by linear regression. A slope of a linear regression may be considered as an initial trend Tr(0). An intercept of a linear
regression may be considered as initial growth Gr(0). A trend at each point may be estimated as follows using equation (9): 

[0104] In equation (9), Gr(n) may be considered a growth term, and Wg may be considered a growth parameter, which
can be determined empirically. Growth term Gr(n) may be iteratively updated as well, as shown by equation (10): 

where Wt may be considered a trend parameter, which can be determined empirically.
[0105] Example approaches for a first phase to estimate an underlying signal trend are described above with regard
to EMD, wavelet decomposition, and iterative trend estimation. Example approaches for a second phase to determine
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whether an estimated underlying trend indicates drifting of a sensor signal are described below.
[0106] For an example second phase, at least one assessment may be performed to decide whether a determined
trend Tr(n) at signal sample n indicates a changing responsiveness of a sensor signal to blood glucose levels of a patient
(e.g., a drifting of the sensor signal). Such a trend value may be determined using any one or more of the above-three
described example implementations and/or an alternative approach.
[0107] In an example implementation for a second phase, two positive stability thresholds T1 and T2 (e.g., a first and
a second predetermined threshold) may be used for drift detection, where T1 < T2, to establish three example detection
categories: normal operation, drifting, and dying. However, one stability threshold to determine an affirmative or negative
drifting decision may alternatively be implemented without departing from claimed subject matter. If an absolute value
of trend Tr(n) is less than T1, a sensor trend may be deemed to be within normal fluctuations. Thus, no drifting may be
declared in such circumstances, and/or a sensor may be considered stable. In such circumstances, a drifting factor F
may be set, by way of example only, to zero (0).
[0108] If an absolute value of trend Tr(n) is between T1 and T2, a sensor trend may be deemed to be outside of normal
fluctuations, and/or a sensor may be considered to be unstable and drifting. Hence, drifting may be declared. A severity
of such drifting may be measured by a drifting factor F as shown, by way of example only, in equation (11): 

Drifting factor F may be set to have a value range between 0 and 1. The larger a drifting factor F value, the more severe
a drifting may be considered to be. However, drifting factor(s) may be calculated in alternative manners without departing
from claimed subject matter. In an example implementation, at least one value indicating a severity of divergence by at
least one sensor signal from a blood glucose level of a patient over time may be ascertained based at least partly on at
least one metric assessing an underlying trend, a first predetermined threshold, and a second predetermined threshold.
Also, if an absolute value of trend Tr(n) is greater than T2, a sensor may be considered unstable and may be declared
to be dying due to severe drifting. In such circumstances, a drifting factor F may be set, by way of example only, to one (1).
[0109] FIG. 17 is a schematic diagram 1700 of an example controller 12 that produces output information 1712 based
on input data 1710 in accordance with an embodiment. As illustrated, controller 12 may include one or more processors
1702 and at least one memory 1704. !n certain example embodiments, memory 1704 may store or otherwise include
instructions 1706 and/or sensor sample data 1708. Sensor sample data 1708 may include, by way of example but not
limitation, blood glucose sensor measurements, such as series of samples 1004 (e.g. of FIGS. 10, 11, and 14).
[0110] In particular example implementations, controller 12 of FIG. 17 may correspond to a controller 12 of FIGS. 1,
9, and/or 10. Input data 1710 may include, for example, sensor measurements (e.g., from an ISF current sensor). Output
information 1712 may include, for example, one or more commands, and such commands may include reporting infor-
mation. Current sensor measurements of input data 1710 may correspond to sensor signal 16 (e.g., of FIGS. 1, 9, and
10) and/or sampled values resulting there from. Commands of output information 1712 may correspond to commands
22 (e.g., of FIGS. 1, 9, and 10), which may be derived from one or more alert signals 1006 (e.g., of FIGS. 10, 11, and
14) and/or instructions or other information resulting there from.
[0111] In certain example embodiments, input data 1710 may be provided to controller 12. Based on input data 1710,
controller 12 may produce output information 1712. Current sensor measurements that are received as input data 1710
may be stored as sensor sample data 1708. Controller 12 may be programmed with instructions 1706 to perform
algorithms, functions, methods, etc.; to implement attributes, features, etc.; and so forth that are described herein. For
example, a controller 12 may be configured to perform the functions described herein with regard to a non-physiological
anomaly detector 1008 and/or a responsiveness detector 1010 (e.g., of FIGS. 10, 11, and/or 14). Controller 12 may
therefore be coupled to at least one blood glucose sensor to receive one or more signals based on blood glucose sensor
measurements.
[0112] A controller 12 that comprises one or more processors 1702 may execute instructions 1706 to thereby render
a controller unit a special purpose computing device to perform algorithms, functions, methods, etc.; to implement
attributes, features, etc.; and so forth that are described herein. Processor(s) 1702 may be realized as microprocessors,
digital signal processors (DSPs), application specific integrated circuits (ASICs), programmable logic devices (PLDs),
controllers, micro-controllers, a combination thereof, and so forth, just to name a few examples. Alternatively, an article
may comprise at least one storage medium (e.g., such as one or more memories) having stored thereon instructions
1706 that are executable by one or more processors.
[0113] Unless specifically stated otherwise, as is apparent from the preceding discussion, it is to be appreciated that
throughout this specification discussions utilizing terms such as "processing", "computing", "calculating", "determining",
"assessing", "estimating", "identifying", "obtaining", "representing", "receiving", "transmitting", "storing", "analyzing",
"measuring", "detecting", "controlling", "delaying", "initiating", "providing", "performing", "generating", "altering" and so
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forth may refer to actions, processes, etc. that may be partially or fully performed by a specific apparatus, such as a
special purpose computer, special purpose computing apparatus, a similar special purpose electronic computing device,
and so forth, just to name a few examples. In the context of this specification, therefore, a special purpose computer or
a similar special purpose electronic computing device may be capable of manipulating or transforming signals, which
are typically represented as physical electronic and/or magnetic quantities within memories, registers, or other information
storage devices; transmission devices; display devices of a special purpose computer; or similar special purpose elec-
tronic computing device; and so forth, just to name a few examples. In particular example embodiments, such a special
purpose computer or similar may comprise one or more processors programmed with instructions to perform one or
more specific functions. Accordingly, a special purpose computer may refer to a system or a device that includes an
ability to process or store data in the form of signals. Further, unless specifically stated otherwise, a process or method
as described herein, with reference to flow diagrams or otherwise, may also be executed or controlled, in whole or in
part, by a special purpose computer.
[0114] In addition, instructions that are adapted to realize methods, processes, etc. that are described herein may be
capable of being stored on a storage medium as one or more machine readable instructions. If executed, machine
readable instructions may enable a computing platform to perform one or more actions. "Storage medium" as referred
to herein may relate to media capable of storing information or instructions which may be operated on, or executed by,
one or more machines (e.g., that include at least one processor). For example, a storage medium may comprise one
or more storage articles and/or devices for storing machine-readable instructions or information. Such storage articles
and/or devices may comprise any one of several media types including, for example, magnetic, optical, semiconductor,
a combination thereof, etc. storage media. By way of further example, one or more computing platforms may be adapted
to perform one or more processes, methods, etc in accordance with claimed subject matter, such as methods, processes,
etc. that are described herein. However, these are merely examples relating to a storage medium and a computing
platform and claimed subject matter is not limited in these respects.

Claims

1. A method comprising:

obtaining (1502) a series of samples (1004) of at least one sensor signal that is responsive to a blood glucose
level of a patient using a controller;
determining (1504), based at least partly on the series of samples, using one or more processors at least one
metric assessing an underlying trend of a change in responsiveness of the at least one sensor signal to the
blood glucose level of the patient over time; and
assessing using one or more processors a reliability (1506) of the at least one sensor signal to respond to the
blood glucose level of the patient based at least partly on the at least one metric assessing an underlying trend;
wherein the determining of the at least one metric comprises:
iteratively updating a trend estimation at multiple samples of the series of samples of the at least one sensor
signal based, at least partly, on a trend estimation at a previous sample and a growth term, wherein the trend
estimation at multiple samples includes an initial trend, wherein the initial trend comprises a slope of a linear
regression that is derived, at least partly, from the series of samples of the at least one sensor signal and an
initial growth term, wherein the initial growth term comprises an intercept of the linear regression.

2. The method of claim 1, further comprising:

transforming the series of samples of the at least one sensor signal to derive a monotonic curve (1632b, 1634b,
1636b),
wherein the linear regression is derived at least partly from the monotonic curve (1632b, 1634b, 1636b).

3. A method comprising:

obtaining (1502) a series of samples (1004) of at least one sensor signal that is responsive to a blood glucose
level of a patient using a controller;
determining (1504), using one or more processors, based at least partly on the series of samples, at least one
metric assessing an underlying trend of a change in responsiveness of the at least one sensor signal to the
blood glucose level of the patient over time; and
assessing , using one or more processors, a reliability (1506) of the at least one sensor signal to respond to
the blood glucose level of the patient based at least partly on the at least one metric assessing an underlying trend;
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wherein said determining at least one metric assessing the underlying trend uses at least one empirical mode
decomposition and comprises:
decomposing the at least one sensor signal as represented by the series of samples using one or more spline
functions to remove relatively higher frequency components from the at least one sensor signal thereby producing
a monotonic curve representative of the at least one sensor signal, and calculating the slope of a linear regression
of the monotonic curve as said metric.

4. A method comprising:

obtaining (1502) a series of samples (1004) of at least one sensor signal that is responsive to a blood glucose
level of a patient using a controller;
determining (1504), using one or more processors, based at least partly on the series of samples, at least one
metric assessing an underlying trend of a change in responsiveness of the at least one sensor signal to the
blood glucose level of the patient over time; and
assessing, using one or more processors, a reliability (1506) of the at least one sensor signal to respond to the
blood glucose level of the patient based at least partly on the at least one metric assessing an underlying trend;
wherein said determining at least one metric assessing an underlying trend uses wavelet decomposition and
comprises:

decomposing the at least one sensor signal as represented by the series of samples using at least one
discrete wavelet transform; and
reconstructing a smoothed signal from one or more approximation coefficients resulting from the at least
one discrete wavelet transform,
wherein said metric is said smoothed signal.

5. The method of any of claims 1 to 4, further comprising:
generating an alert signal responsive to a comparison of the at least one metric assessing an underlying trend with
at least one predetermined threshold.

6. The method of any of claims 1 to 4, wherein said assessing comprises:
comparing the at least one metric assessing an underlying trend with at least a first predetermined threshold and a
second predetermined threshold.

7. The method of claim 6, wherein said assessing further comprises:

assessing that the reliability of the at least one sensor signal is in a first state responsive to a comparison of
the at least one metric assessing an underlying trend with the first predetermined threshold;
assessing that the reliability of the at least one sensor signal is in a second state responsive to a comparison
of the at least one metric assessing an underlying trend with the first predetermined threshold and the second
predetermined threshold; and
assessing that the reliability of the at least one sensor signal is in a third state responsive to a comparison of
the at least one metric assessing an underlying trend with the second predetermined threshold.

8. The method of claim 6, wherein said assessing further comprises:
ascertaining at least one value indicating a severity of divergence by the at least one sensor signal from the blood
glucose level of the patient over time based at least partly on the at least one metric assessing an underlying trend,
the first predetermined threshold, and the second predetermined threshold.

9. The method of any preceding claim, further comprising:

acquiring the at least one sensor signal from one or more subcutaneous glucose sensors,
wherein the at least one metric assessing an underlying trend reflects an apparent reliability of the at least one
sensor signal that is acquired from the one or more subcutaneous glucose sensors.

10. An apparatus for performing a method according to any preceding claim, comprising:
a controller (12) configured to obtain the series of the samples of at least one sensor signal, said controller comprising
one or more processors configured to perform the said determining and the said assessing.
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11. The apparatus of claim 10, wherein said one or more processors of said controller (12) are further configured to:
alter an insulin infusion treatment for the patient responsive at least partly to the assessed reliability of the at least
one sensor signal.

12. An article comprising:
at least one storage medium having stored thereon instructions executable by one or more processors to perform
the method of any one of claims 1 to 9.

13. An article according to claim 12:
wherein said instructions further includes instructions which, when executed, cause the one or more processors to:
alter an insulin infusion treatment for the patient responsive at least partly to the assessed reliability of the at least
one sensor signal.

Patentansprüche

1. Verfahren, umfassend:

Erhalten (1502) einer Reihe von Abtastwerten (1004) mindestens eines Sensorsignals, das auf einen Blutzu-
ckerspiegel eines Patienten anspricht, unter Verwendung einer Steuerung;
Bestimmen (1504), zumindest teilweise basierend auf der Reihe von Abtastwerten, unter Verwendung eines
oder mehrerer Prozessoren, mindestens einer Messgröße, die einen zugrunde liegenden Trend einer Änderung
der Reaktionsfähigkeit des mindestens einen Sensorsignals auf den Blutzuckerspiegel des Patienten im Zeit-
verlauf bewertet; und
Beurteilen einer Zuverlässigkeit (1506) des mindestens einen Sensorsignals, unter Verwendung eines oder
mehrerer Prozessoren, auf den Blutzuckerspiegel des Patienten zu reagieren, zumindest teilweise basierend
auf der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet;
wobei das Bestimmen der mindestens einen Messgröße umfasst:
iteratives Aktualisieren einer Trendschätzung bei mehreren Abtastwerten der Reihe von Abtastwerten des
mindestens einen Sensorsignals, zumindest teilweise basierend auf einer Trendschätzung bei einem vorherigen
Abtastwert und einem Wachstumsterm, wobei die Trendschätzung bei mehreren Abtastwerten einen Anfang-
strend enthält, wobei der Anfangstrend eine Steigung einer linearen Regression umfasst, die zumindest teilweise
aus der Reihe von Abtastwerten des mindestens einen Sensorsignals und einem anfänglichen Wachstumsterm
abgeleitet ist, wobei der anfängliche Wachstumsterm einen Achsenabschnitt der linearen Regression umfasst.

2. Verfahren nach Anspruch 1, ferner umfassend:

Transformieren der Reihe von Abtastwerten des mindestens einen Sensorsignals, um eine monotone Kurve
(1632b, 1634b, 1636b) abzuleiten,
wobei die lineare Regression zumindest teilweise von der monotonen Kurve (1632b, 1634b, 1636b) abgeleitet ist.

3. Verfahren, umfassend:

Erhalten (1502) einer Reihe von Abtastwerten (1004) mindestens eines Sensorsignals, das auf einen Blutzu-
ckerspiegel eines Patienten anspricht, unter Verwendung einer Steuerung;
Bestimmen (1504) unter Verwendung eines oder mehrerer Prozessoren, zumindest teilweise basierend auf der
Reihe von Abtastwerten, mindestens einer Messgröße, die einen zugrunde liegenden Trend einer Änderung
der Reaktionsfähigkeit des mindestens einen Sensorsignals auf den Blutzuckerspiegel des Patienten im Zeit-
verlauf bewertet; und
Bewerten einer Zuverlässigkeit (1506) des mindestens einen Sensorsignals, unter Verwendung eines oder
mehrerer Prozessoren, auf den Blutzuckerspiegel des Patienten zu reagieren, zumindest teilweise basierend
auf der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet;
wobei das Bestimmen mindestens einer Messgröße, die den zugrunde liegenden Trend bewertet, mindestens
eine empirische Modenzerlegung verwendet und umfasst:
Zerlegen des mindestens einen Sensorsignals, wie durch die Reihe von Abtastwerten dargestellt, unter Ver-
wendung einer oder mehrerer Spline-Funktionen, um relativ höherfrequente Komponenten aus dem mindestens
einen Sensorsignal zu entfernen, wodurch eine monotone Kurve erzeugt wird, die für das mindestens eine
Sensorsignal repräsentativ ist, und Berechnen der Steigung einer linearen Regression der monotonen Kurve
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als die Messgröße.

4. Verfahren, umfassend:

Erhalten (1502) einer Reihe von Abtastwerten (1004) mindestens eines Sensorsignals, das auf einen Blutzu-
ckerspiegel eines Patienten anspricht, unter Verwendung einer Steuerung;
Bestimmen (1504) unter Verwendung eines oder mehrerer Prozessoren, zumindest teilweise basierend auf der
Reihe von Abtastwerten, mindestens einer Messgröße, die einen zugrunde liegenden Trend einer Änderung
der Reaktionsfähigkeit des mindestens einen Sensorsignals auf den Blutzuckerspiegel des Patienten im Zeit-
verlauf bewertet; und
Bewerten einer Zuverlässigkeit (1506) des mindestens einen Sensorsignals, unter Verwendung eines oder
mehrerer Prozessoren, auf den Blutzuckerspiegel des Patienten zu reagieren, zumindest teilweise basierend
auf der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet;
wobei das Bestimmen mindestens einer Messgröße, die einen zugrunde liegenden Trend bewertet, eine Wave-
let-Zerlegung verwendet und umfasst:

Zerlegen des mindestens einen Sensorsignals, wie es durch die Reihe von Abtastwerten dargestellt wird,
unter Verwendung mindestens einer diskreten Wavelet-Transformation; und
Rekonstruieren eines geglätteten Signals aus einem oder mehreren Approximationskoeffizienten, die sich
aus der mindestens einen diskreten Wavelet-Transformation ergeben, wobei die Messgröße das geglättete
Signal ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, ferner umfassend:
Erzeugen eines Alarmsignals als Reaktion auf einen Vergleich der mindestens einen Messgröße, die einen zugrunde
liegenden Trend bewertet, mit mindestens einem vorbestimmten Schwellenwert.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei das Bewerten umfasst:
Vergleichen der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet, mit mindestens einem
ersten vorbestimmten Schwellenwert und einem zweiten vorbestimmten Schwellenwert.

7. Verfahren nach Anspruch 6, wobei das Bewerten umfasst:

Bewerten, dass die Zuverlässigkeit des mindestens einen Sensorsignals in einem ersten Zustand ist, der auf
einen Vergleich der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet, mit dem
ersten vorbestimmten Schwellenwert reagiert;
Bewerten, dass die Zuverlässigkeit des mindestens einen Sensorsignals in einem zweiten Zustand ist, der auf
einen Vergleich der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet, mit dem
ersten vorbestimmten Schwellenwert und dem zweiten vorbestimmten Schwellenwert reagiert; und
Bewerten, dass die Zuverlässigkeit des mindestens einen Sensorsignals in einem dritten Zustand ist, der auf
einen Vergleich der mindestens einen Messgröße, die einen zugrunde liegenden Trend bewertet, mit dem
zweiten vorbestimmten Schwellenwert reagiert.

8. Verfahren nach Anspruch 6, wobei das Bewerten ferner umfasst:
Ermitteln von mindestens einem Wert, der einen Schweregrad der Divergenz durch das mindestens eine Sensor-
signal vom Blutzuckerspiegel des Patienten im Zeitverlauf anzeigt, zumindest teilweise basierend auf der mindestens
einen Messgröße, die einen zugrunde liegenden Trend bewertet, dem ersten vorbestimmten Schwellenwert und
dem zweiten vorbestimmten Schwellenwert.

9. Verfahren nach einem der vorhergehenden Ansprüche, ferner umfassend:

Erfassen des mindestens einen Sensorsignals von einem oder mehreren subkutanen Glukosesensoren,
wobei die mindestens eine Messgröße, die einen zugrunde liegenden Trend bewertet, eine offensichtliche
Zuverlässigkeit des mindestens einen Sensorsignals widerspiegelt, das von dem einen oder den mehreren
subkutanen Glucosesensoren erfasst wird.

10. Vorrichtung zur Durchführung eines Verfahrens nach einem der vorhergehenden Ansprüche, umfassend:
eine Steuerung (12), die dazu konfiguriert ist, die Reihe der Abtastwerte von mindestens einem Sensorsignal zu
erhalten, wobei die Steuerung einen oder mehrere Prozessoren umfasst, die dazu konfiguriert sind, das Bestimmen



EP 2 584 958 B1

21

5

10

15

20

25

30

35

40

45

50

55

und das Bewerten durchzuführen.

11. Vorrichtung nach Anspruch 10, bei der ein oder mehrere Prozessoren der Steuerung (12) ferner dazu konfiguriert
sind:
eine Insulininfusionsbehandlung für den Patienten zumindest teilweise in Reaktion auf die bewertete Zuverlässigkeit
des mindestens einen Sensorsignals zu ändern.

12. Artikel, umfassend:
mindestens ein Speichermedium, auf dem Anweisungen gespeichert sind, die von einem oder mehreren Prozes-
soren ausgeführt werden können, um das Verfahren nach einem der Ansprüche 1 bis 9 auszuführen.

13. Artikel nach Anspruch 12:
wobei die Anweisungen ferner Anweisungen enthalten, die, wenn sie ausgeführt werden, den einen oder die meh-
reren Prozessoren dazu veranlassen:
eine Insulininfusionsbehandlung für den Patienten zumindest teilweise in Reaktion auf die bewertete Zuverlässigkeit
des mindestens einen Sensorsignals zu ändern.

Revendications

1. Procédé comprenant :

l’obtention (1502) d’une série d’échantillons (1004) d’au moins un signal de détecteur qui répond à un niveau
de glycémie d’un patient à l’aide d’un contrôleur ;
la détermination (1504), au moins partiellement en fonction de la série d’échantillons, à l’aide d’un ou plusieurs
processeurs, d’au moins une mesure métrique qui évalue une tendance sous-jacente d’un changement dans
la réponse de l’au moins un signal de détecteur au niveau de glycémie du patient au fil du temps ; et
l’évaluation à l’aide d’un ou plusieurs processeurs d’une fiabilité (1506) de l’au moins un signal de détecteur
en termes de réponse au niveau de glycémie du patient au moins partiellement en fonction de l’au moins une
mesure métrique qui évalue une tendance sous-jacente ;
dans lequel la détermination de l’au moins une mesure métrique comprend :
la mise à jour itérative d’une estimation d’une tendance au niveau de multiples échantillons de la série d’échan-
tillons de l’au moins un signal de détecteur en fonction, au moins partiellement, d’une estimation d’une tendance
au niveau d’un échantillon précédent et d’un terme de croissance, l’estimation d’une tendance au niveau de
plusieurs échantillons comportant une tendance initiale, la tendance initiale comprenant une pente d’une ré-
gression linéaire qui est dérivée, au moins partiellement, de la série d’échantillons de l’au moins un signal de
détecteur et d’un terme de croissance initial, le terme de croissance initial comprenant une interception de la
régression linéaire.

2. Procédé selon la revendication 1, comprenant en outre :

la transformation de la série d’échantillons de l’au moins un signal de détecteur afin de dériver une courbe
monotone (1632b, 1634b, 1636b),
dans lequel la régression linéaire est dérivée au moins partiellement de la courbe monotone (1632b, 1634b,
1636b).

3. Procédé comprenant :

l’obtention (1502) d’une série d’échantillons (1004) d’au moins un signal de détecteur qui répond à un niveau
de glycémie d’un patient à l’aide d’un contrôleur ;
la détermination (1504), à l’aide d’un ou plusieurs processeurs, au moins partiellement en fonction de la série
d’échantillons, d’au moins une mesure métrique qui évalue une tendance sous-jacente d’un changement dans
la réponse de l’au moins un signal de détecteur au niveau de glycémie du patient au fil du temps ; et
l’évaluation, à l’aide d’un ou plusieurs processeurs, d’une fiabilité (1506) de l’au moins un signal de détecteur
en termes de réponse au niveau de glycémie du patient au moins partiellement en fonction de l’au moins une
mesure métrique qui évalue une tendance sous-jacente ;
dans lequel ladite détermination d’au moins une mesure métrique qui évalue la tendance sous-jacente emploie
au moins une décomposition modale empirique et comprend :



EP 2 584 958 B1

22

5

10

15

20

25

30

35

40

45

50

55

la décomposition de l’au moins un signal de détecteur comme représenté par la série d’échantillons à l’aide
d’une ou plusieurs fonctions splines de manière à éliminer des composantes de fréquence relativement plus
hautes de l’au moins un signal de détecteur, la production, ce faisant, d’une courbe monotone représentative
de l’au moins un signal de détecteur, et le calcul de la pente d’une régression linéaire de la courbe monotone
comme ladite mesure métrique.

4. Procédé comprenant :

l’obtention (1502) d’une série d’échantillons (1004) d’au moins un signal de détecteur qui répond à un niveau
de glycémie d’un patient à l’aide d’un contrôleur ;
la détermination (1504), à l’aide d’un ou plusieurs processeurs, au moins partiellement en fonction de la série
d’échantillons, d’au moins une mesure métrique qui évalue une tendance sous-jacente d’un changement dans
la réponse de l’au moins un signal de détecteur au niveau de glycémie du patient au fil du temps ; et
l’évaluation, à l’aide d’un ou plusieurs processeurs, d’une fiabilité (1506) de l’au moins un signal de détecteur
en termes de réponse au niveau de glycémie du patient au moins partiellement en fonction de l’au moins une
mesure métrique qui évalue une tendance sous-jacente ;
dans lequel ladite détermination d’au moins une mesure métrique qui évalue une tendance sous-jacente emploie
une décomposition en ondelettes et comprend :

la décomposition de l’au moins un signal de détecteur tel que représenté par la série d’échantillons à l’aide
d’au moins une transformée en ondelettes discrètes ; et
la reconstruction d’un signal lissé à partir d’un ou plusieurs coefficients d’approximation résultant de l’au
moins une transformée en ondelettes discrète, dans lequel ladite mesure métrique est ledit signal lissé.

5. Procédé selon l’une des revendications 1 à 4, comprenant en outre :
la génération d’un signal d’alerte en réponse à une comparaison de l’au moins une mesure métrique qui évalue
une tendance sous-jacente avec au moins un seuil prédéterminé.

6. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel ladite évaluation comprend :
la comparaison de l’au moins une mesure métrique qui évalue une tendance sous-jacente avec au moins un premier
seuil prédéterminé et un second seuil prédéterminé.

7. Procédé selon la revendication 6, dans lequel ladite évaluation comprend :

l’évaluation du fait que la fiabilité de l’au moins un signal de détecteur est dans un premier état en réponse à
une comparaison de l’au moins une mesure métrique qui évalue une tendance sous-jacente avec le premier
seuil prédéterminé ;
l’évaluation du fait que la fiabilité de l’au moins un signal de détecteur est dans un deuxième état en réponse
à une comparaison de l’au moins une mesure métrique qui évalue une tendance sous-jacente avec le premier
seuil prédéterminé et le second seuil prédéterminé ; et
l’évaluation du fait que la fiabilité de l’au moins un signal de détecteur est dans un troisième état en réponse à
une comparaison de l’au moins une mesure métrique qui évalue une tendance sous-jacente avec le second
seuil prédéterminé.

8. Procédé selon la revendication 6, dans lequel ladite évaluation comprend en outre :
la vérification d’au moins une valeur indiquant une gravité de divergence par l’au moins un signal de détecteur à
partir du niveau de glycémie du patient au fil du temps au moins partiellement en fonction de l’au moins une mesure
métrique qui évalue une tendance sous-jacente, du premier seuil prédéterminé et du second seuil prédéterminé.

9. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre :

l’acquisition de l’au moins un signal de détecteur issu d’un ou plusieurs détecteurs de glucose sous-cutanés,
dans lequel l’au moins une mesure métrique qui évalue une tendance sous-jacente reflète une fiabilité apparente
de l’au moins un signal de détecteur qui est acquis à partir du ou des détecteurs de glucose sous-cutanés.

10. Appareil permettant la réalisation d’un procédé selon l’une quelconque des revendications précédentes,
comprenant :
un contrôleur (12) configuré pour obtenir la série des échantillons d’au moins un signal de détecteur, ledit contrôleur
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comprenant un ou plusieurs processeurs configurés pour réaliser ladite détermination et ladite évaluation.

11. Appareil selon la revendication 10, dans lequel lesdits un ou plusieurs processeurs dudit contrôleur (12) sont en
outre configurés pour :
modifier un traitement par perfusion d’insuline chez le patient, au moins partiellement en réponse à la fiabilité évaluée
de l’au moins un signal de détecteur.

12. Article comprenant :
au moins un support de stockage sur lequel sont stockées des instructions exécutables par un ou plusieurs pro-
cesseurs afin de réaliser le procédé selon l’une quelconque des revendications 1 à 9.

13. Article selon la revendication 12 :
dans lequel lesdites instructions comportent en outre des instructions qui, lorsqu’elles sont exécutées, amènent le
ou les processeurs à :
modifier un traitement par perfusion d’insuline chez le patient, au moins partiellement en réponse à la fiabilité évaluée
de l’au moins un signal de détecteur.
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