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METHOD AND APPARATUS FOR PROVIDING DATA PROCESSING
AND CONTROL IN MEDICAL COMMUNICATION SYSTEM

BACKGROUND

Analyte, ¢.g., glucose monitoring systems including continuous and
discrcte monitoring systems gencrally include a small, lightweight battery
nowered and microprocessor controlled system which is configured to detect
signals proportional to the corresponding measured glucose levels using an
electrometer, and RF signals to transmit the collected data. One aspect of certamn
analytc monitoring systcms include 4 transcutancous or subcutancous analytc
sensor configuration which is, for example, partially mounted on the skin ot a
subject whosc analyte level is to be monitored. The sensor cell may usc a two or
three-clectrode (work, reference and counter clectrodes) configuration driven by a
controlled potential (potentiostat) analog circuit connected through a contact
system.

The analyte sensor may be configured so that a portion thereof is placed
under the skin of the paticnt so as to detect the analyte levels of the patient, and
another portion of segment of the analyte sensor that is in communication with the
transmittcr unit, The transmitter unit is configured to transmit the analyte levels
detected by the sensor over a wircless communication link such as an RF (radio
frequency) communication link to a receiver/monitor unit. The receiver/monitor
unit performs data analysis, among others on the received analyte levels to
generate information pertaining to the monitored analyte levels. To provide
flexibility in analyte scnsor manufacturing and/or design, among others, tolerance
of a larger range of the analyte sensor sensitivities for processing by the

transmitter unit 1s desirable.



In view of the foregoing, it would be desirable to have a method and system for
providing data processing and control tor use m medical lemetry svstems such as, for

example, analyvte monttoring systems.

SUMMARY OF THE INVENTION
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5 [11 one embodiment. method and apparatus for receiving a siunal associated with an
analyte level of a user. determining whether the received signal deviates from a
predetermimned 'si gial charactenstic, determniing an operational state associated with an
analyte monitorimyg device, comparing a prior signal associated with the analvte level of the
user to the recetved signal, presenting an output data associated with the operational state of

10 the analyte monitoring device based at feast in part on one or more of the received signal or

the prior signal, and receiving a user input data based on the presented output data, 1s

disclosed.

¥ b 4 |

Also disclosed 1s a method comprising: receiving a signal associated with an analvie
level of a user; determuning whether the received signal deviates from a predetermined signal
15 characteristic; retricving, from a memory of an analvte monitoring device, a prior signal
assoctated with a prior analyte level when it is determuined that the received signal deviates
trom the predetermined signal characteristic; comparing the prior signal associated with the

analyte level of the user o the received signal: presenting an ontput data associated with an

o s

"

aperational state of the analyte monitoring device, wherein the operational .fstzz;w oof the analyte
20 momtormg deviee s based at Jeast in part on one or morse of the received signal or the prior

signal receiving a user nput data based on the presented output datas and determiming a now

operationsl state associated with the analvie monttoring device based on the received user

input data,

CA 2683959 2017-07-07
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Further disclosed 18 a data processing device, comprising: a storage umit; a user
mterface umit and a data processor operatively coupled to the user imterface umt and the
storage umit, the data processor programmed o recelve g stanal gssociated with an analvie

jevel of a user, determine whether the received signal deviates from a predetermined signal

Wa

characteristic, retrieve, from the stovage umt, a prior signal associated with g prior z':a.ﬁ'iaﬂ};ie
level when s determined that the received signal deviates from the predetermined signal
characteristic, compare the prior stgnal associated with the analvie tevel of the user to the
received stgnal, present in the user inferface unit an output data assewiated with the
operationat state of an analvte monitoring device, the operational state of the analvie
10 monitoring device bemg based at least m part on one or more of the recerved signal or the
prior signal, to receive g user input data front the user interface unit hased on the presented
output data. and to determine a new operational state associated with the analvte monntoring
device based on the received user input data.

hese and other objects, features and advantages of the present invention wil

15 become more tully apparent from the following detailed description of the embodiments. the

appended claims and the accompanying drawings.

BRILE DESURIPTION OF THE DRAWINGS
PG T iHlustrates a block diagram of a data monitoring and management svstem for
practicing one or more embodiments of the present invention;

20 FiG 2 1s a bloek diagram of the transmitter unit of the data monitoring angd
management system shown m FlG. [ accordance with one embodunent of the present
IMVEenton:

FIG, 3 15 a blocek diagram of the recetver/monitor unit of the data monitoring and

management system shown i FIG. T v accordance with one embodiment of the present

25 fnvention:

CA 2683959 2017-07-07
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FIGS. 4A-4B Hustrate a perspective view and a cross sectional view, respectively of

an analyte sensor in accordance with one cmbodiment of the present mvention:
F1G. 5 1s a lowcehart tustratmg ambient temperature compensation routine for
determming on-skin temperature information iy accordance with one embodiment of the

5 present mvenbion,

CA 2683959 2017-07-07
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FIG. 6 1s a flowchart illustrating digital anti-aliasing filtering routing in
accordance with one embodiment of the present invention;

FIG. 7 1s a flowchart illustrating actual or potential sensor insertion or
removal detection routine 1n accordance with one embodiment of the present
1nvention;

FIG. 8 18 a flowchart illustrating receiver unit processing corresponding to
the actual or potential sensor insertion or removal detection routine of FIG. 7 1n
accordance with one embodiment of the present invention;

FIG. 9 18 a flowchart illustrating data processing corresponding to the
actual or potential sensor msertion or removal detection routine 1n accordance
with another embodiment of the present invention;

FIG. 10 1s a flowchart 1llustrating a concurrent passive notification routine
in the data rccciver/monitor unit of the data monitoring and management systcm

of FIG. 1 1in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

As described 1n further detail below, 1n accordance with the various
embodiments of the present invention, there is provided a method and apparatus
for providing data processing and control for use 1n a medical telemetry system.
In particular, within the scope of the present invention, there are provided method
and system for providing data communication and control for use in a medical
telemetry system such as, for example, a continuous glucose monitoring system.

FIG. 1 illustrates a data monitoring and management system such as, for
example, analyte (e.g., glucose) monitoring system 100 in accordance with one
embodiment of the present invention. The subject invention 1s further described
primarily with respect to a glucose monitoring system for convenience and such
description 1s in no way intended to limit the scope of the invention. It 1s to be
understood that the analyte monitoring system may be configured to monitor a
varicty of analytes, ¢.g., lactate, and the like.

Analytes that may be monitored include, for example, acetyl choline,
amylase, bilirubin, cholesterol, chorionic gonadotropin, creatine kinase (e.g., CK-
MB), creatine, DNA, fructosamine, glucose, glutamine, growth hormones,

hormones, ketones, lactate, peroxide, prostate-specific antigen, prothrombin,
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RNA, thyroid stimulating hormone, and troponin. The concentration of drugs,
such as, for example, antibiotics (e.g., gentamicin, vancomycin, and the like),
digitoxin, digoxin, drugs of abuse, theophylline, and warfarin, may also be
monitored.

The analyte monitoring system 100 includes a sensor 101, a transmitter
unit 102 coupled to the sensor 101, and a primary receiver unit 104 which 1s
configured to communicate with the transmitter unit 102 via a communication link
103. The primary receiver unit 104 may be further configured to transmit data to
a data processing terminal 105 for evaluating the data received by the primary
receiver unit 104. Moreover, the data processing terminal in one embodiment
may be configured to recerve data directly from the transmitter unit 102 via a
communication link 106 which may optionally be configured for bi-directional
communication.

Also shown 1n FIG. 1 1s a secondary receiver unit 106 which 1s operatively
coupled to the communication link and configured to receive data transmitted
from the transmitter unit 102. Moreover, as shown 1n the Figure, the secondary
recerver unit 106 1s configured to communicate with the primary receiver unit 104
as well as the data processing terminal 105. Indeed, the secondary receiver unit
106 may be configured for bi-directional wireless communication with each of the
primary receiver unit 104 and the data processing terminal 105. As discussed in
further detail below, in one embodiment of the present invention, the secondary
receiver unit 106 may be configured to include a limited number of functions and
features as compared with the primary recerver unit 104. As such, the secondary
receiver unit 106 may be configured substantially in a smaller compact housing or
embodied 1 a device such as a wrist watch, for example. Alternatively, the
secondary recetver unit 106 may be configured with the same or substantially
stmilar functionality as the primary receiver unit 104, and may be configured to be
used 1n conjunction with a docking cradle unit for placement by bedside, for night
time monitoring, and/or bi-directional communication device.

Only one sensor 101, transmitter umit 102, communication link 103, and
data processing terminal 105 are shown 1n the embodiment of the analyte
monitoring system 100 illustrated in FIG. 1. However, 1t will be appreciated by

one of ordinary skill in the art that the analyte monitoring system 100 may include
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one or more sensor 101, transmitter unit 102, communication link 103, and data
processing terminal 105. Moreover, within the scope of the present invention, the
analyte monitoring system 100 may be a continuous monitoring system, or semi-
continuous, or a discrete monitoring system. In a multi-component environment,
cach device 18 configured to be uniquely 1dentified by each of the other devices in
the system so that communication conflict 1s readily resolved between the various
components within the analyte monitoring system 100.

In one embodiment of the present invention, the sensor 101 18 physically
positioned 1n or on the body of a user whose analyte level 1s being monitored.
The sensor 101 may be configured to continuously sample the analyte level of the
user and convert the sampled analyte level into a corresponding data signal for
transmission by the transmitter unit 102. In one embodiment, the transmitter unit
102 1s couplcd to the scnsor 101 so that both devices arc positioncd on the uscr's
body, with at least a portion of the analyte sensor 101 positioned transcutancously
under the skin layer of the user. The transmitter unit 102 performs data
processing such as filtering and encoding on data signals, each of which
corresponds to a sampled analyte level of the user, for transmission to the primary
recerver unit 104 via the communication link 103.

In one embodiment, the analyte monitoring system 100 1s configured as a
onc-way RF communication path from the transmitter unit 102 to the primary
receiver unit 104. In such embodiment, the transmitter unit 102 transmits the
sampled data signals received from the sensor 101 without acknowledgement
from the primary receiver unit 104 that the transmitted sampled data signals have
been recerved. For example, the transmitter unit 102 may be configured to
transmit the encoded sampled data signals at a fixed rate (¢.g., at one minute
intervals) after the completion of the initial power on procedure. Likewise, the
primary receiver unit 104 may be configured to detect such transmitted encoded
sampled data signals at predetermined time intervals. Alternatively, the analyte
monitoring system 100 may be configured with a bi-directional RF (or otherwise)
communication between the transmitter unit 102 and the primary receiver unit
104

Additionally, in one aspect, the primary receiver unit 104 may include two

sections. The first section 1s an analog interface section that 1s contfigured to
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communicate with the transmitter unit 102 via the communication link 103. In
one embodiment, the analog interface section may include an RF receiver and an
antenna for recerving and amplitying the data signals from the transmitter unit
102, which are thereafter, demodulated with a local oscillator and filtered through

5 a band-pass filter. The second section of the primary recerver unit 104 1s a data
processing section which 18 configured to process the data signals received from
the transmitter unit 102 such as by performing data decoding, error detection and
correction, data clock generation, and data bit recovery.

In operation, upon completing the power-on procedure, the primary

10 recerver unit 104 1s configured to detect the presence of the transmitter unit 102
within 1ts range based on, for example, the strength of the detected data signals
received from the transmitter unit 102 or a predetermined transmitter
1dentification information. Upon successtul synchronization with the
corresponding transmitter unit 102, the primary recerver unit 104 1s configured to

15 begin recerving from the transmitter unit 102 data signals corresponding to the
user's detected analyte level. More specifically, the primary receirver unit 104 1n
onc embodiment 1s configured to perform synchronized time hopping with the
corresponding synchronized transmitter unit 102 via the communication link 103
to obtain the user's detected analyte level.

20 Referring again to FIG. 1, the data processing terminal 105 may include a
personal computer, a portable computer such as a laptop or a handheld device
(¢.g., personal digital assistants (PDAS)), and the like, each of which may be
configured for data communication with the receiver via a wired or a wireless
connection. Additionally, the data processing terminal 105 may further be

25 connected to a data network (not shown) for storing, retrieving and updating data
corresponding to the detected analyte level of the user.

Within the scope of the present invention, the data processing terminal 105
may include an mfusion device such as an insulin infusion pump or the like,
which may be configured to administer insulin to patients, and which may be

30 configured to communicate with the recerver unit 104 for receiving, among others,
the measured analyte level. Alternatively, the recerver unit 104 may be
configured to integrate an infusion device therein so that the receiver unit 104 1s

configured to administer insulin therapy to patients, for example, for
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administering and modifying basal profiles, as well as for determining appropriate
boluses for administration based on, among others, the detected analyte levels
received from the transmitter unit 102.

Additionally, the transmitter umit 102, the primary receiver unit 104 and
the data processing terminal 105 may each be configured for bi-directional
wireless communication such that each of the transmitter unit 102, the primary
receiver unit 104 and the data processing terminal 105 may be configured to
communicate (that 1s, transmit data to and receive data from) with each other via
the wireless communication link 103. More specifically, the data processing
terminal 105 may 1in one embodiment be configured to receive data directly from
the transmitter unit 102 via the communication link 106, where the
communication link 106, as described above, may be configured for bi-directional
communication.

In this embodiment, the data processing terminal 105 which may include
an msulin pump, may be configured to receive the analyte signals from the
transmitter unit 102, and thus, incorporate the functions of the receiver 103
including data processing for managing the patient’s insulin therapy and analyte
monitoring. In one embodiment, the communication link 103 may include one or
more of an RF communication protocol, an mfrared communication protocol, a
Bluetooth enabled communication protocol, an 802.11x wireless communication
protocol, or an equivalent wireless communication protocol which would allow
secure, wireless communication of several units (for example, per HIPPA
requirements) while avoiding potential data collision and interference.

FIG. 2 18 a block diagram of the transmitter of the data monitoring and
detection system shown 1n FIG. 1 1n accordance with one embodiment of the
present invention. Referring to the Figure, the transmitter unit 102 1in one
embodiment includes an analog interface 201 configured to communicate with the
sensor 101 (FIG. 1), a user mput 202, and a temperature detection section 203,
cach of which 1s operatively coupled to a transmitter processor 204 such as a
central processing unit (CPU).

Further shown 1n FIG. 2 are a transmitter serial communication section
205 and an RF transmitter 206, each of which 1s also operatively coupled to the

transmitter processor 204. Moreover, a power supply 207 such as a battery 1s also
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provided 1 the transmitter unit 102 to provide the necessary power for the
transmitter unit 102. Additionally, as can be seen from the Figure, clock 208 1s
provided to, among others, supply real time information to the transmitter
processor 204.

As can be seen from FIG. 2, the sensor unit 101 (FIG. 1) 1s provided four
contacts, three of which are electrodes - work electrode (W) 210, guard contact
(G) 211, reference electrode (R) 212, and counter electrode (C) 213, each
operatively coupled to the analog interface 201 of the transmitter unit 102. In one
embodiment, cach of the work electrode (W) 210, guard contact (G) 211,
reference clectrode (R) 212, and counter electrode (C) 213 may be made using a
conductive material that 1s either printed or etched, for example, such as carbon
which may be printed, or metal foil (e.g., gold) which may be etched, or
altcrnativcly provided on a substratc matcrial using lascr or photolithography.

In one embodiment, a unidirectional input path 1s established from the
sensor 101 (FIG. 1) and/or manufacturing and testing equipment to the analog
interface 201 of the transmitter unit 102, while a unidirectional output 1s
established from the output of the RF transmitter 206 of the transmitter unit 102
for transmission to the primary recerver unit 104. In this manner, a data path 1s
shown 1n FIG. 2 between the aforementioned unidirectional input and output via a
dedicated link 209 from the analog interface 201 to serial communication section
2035, thereafter to the processor 204, and then to the RF transmitter 206. As such,
1n on¢ embodiment, via the data path described above, the transmitter unit 102 18
configured to transmit to the primary receiver unit 104 (FIG. 1), via the
communication link 103 (FIG. 1), processed and encoded data signals received
from the sensor 101 (FIG. 1). Additionally, the unidirectional communication
data path between the analog interface 201 and the RF transmitter 206 discussed
above allows for the configuration of the transmitter unit 102 for operation upon
completion of the manufacturing process as well as for direct communication for
diagnostic and testing purposes.

As discussed above, the transmitter processor 204 1s configured to transmit
control signals to the various sections of the transmitter unit 102 during the
operation of the transmitter unit 102. In one embodiment, the transmitter

processor 204 also includes a memory (not shown) for storing data such as the
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1dentification information for the transmitter unit 102, as well as the data signals
recerved from the sensor 101. The stored information may be retrieved and
processed for transmission to the primary recerver unit 104 under the control of
the transmitter processor 204. Furthermore, the power supply 207 may include a
commercially available battery.

The transmitter unit 102 1is also configured such that the power supply
section 207 18 capable of providing power to the transmitter for a mimnimum of
about three months of continuous operation after having been stored for about
cighteen months 1n a low-power (non-operating) mode. In one embodiment, this
may be achieved by the transmitter processor 204 operating in low power modes
in the non-operating state, for example, drawing no more than approximately |
uwA of current. Indeed, in one embodiment, the tinal step during the
manufacturing process of the transmitter unit 102 may place the transmitter unit
102 1n the lower power, non-operating state (1.e., post-manufacture sleep mode).
In this manner, the shelf life of the transmitter unit 102 may be significantly
improved. Moreover, as shown in FIG. 2, while the power supply unit 207 18
shown as coupled to the processor 204, and as such, the processor 204 1s
configured to provide control of the power supply unit 207, 1t should be noted that
within the scope of the present invention, the power supply unit 207 1s configured
to provide the necessary power to each of the components of the transmitter unit
102 shown 1 FIG. 2.

Referring back to FIG. 2, the power supply section 207 of the transmutter
unit 102 1 onc cmbodiment may include a rechargcable battery unit that may be
recharged by a separate power supply recharging unit (for example, provided 1n
the recerver unit 104) so that the transmitter unit 102 may be powered for a longer
period of usage time. Moreover, 1n one embodiment, the transmitter unit 102 may
be configured without a battery in the power supply section 207, in which case the
transmitter unit 102 may be configured to receive power from an external power
supply source (for example, a battery) as discussed in further detail below.

Referring yet again to FIG. 2, the temperature detection section 203 of the
transmitter unit 102 18 configured to monitor the temperature of the skin near the

sensor 1nsertion site. The temperature reading 18 used to adjust the analyte
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readings obtained from the analog interface 201. The RF transmatter 206 of the
transmitter unit 102 may be configured for operation in the frequency band of 315
MHz to 322 MHz, for example, in the United States. Further, in one embodiment,
the RF transmitter 206 18 configured to modulate the carrier frequency by
performing Frequency Shift Keying and Manchester encoding. In one
embodiment, the data transmission rate 1s 19,200 symbols per second, with a
minimum transmission range for communication with the primary receiver unit
104,

Referring yet again to FIG. 2, also shown 18 a leak detection circuit 214
coupled to the guard electrode (G) 211 and the processor 204 in the transmitter
unit 102 of the data monitoring and management system 100. The leak detection
circuit 214 1n accordance with one embodiment of the present invention may be
configurcd to dctect Icakage current 1n the scnsor 101 to determine whether the
measured sensor data are corrupt or whether the measured data from the sensor
101 1s accurate.

FIG. 3 1s a block diagram of the receiver/monitor unit of the data
monitoring and management system shown in FIG. 1 1 accordance with one
embodiment of the present invention. Referring to FIG. 3, the primary recerver
unit 104 includes a blood glucose test strip interface 301, an RF receiver 302, an
input 303, a temperature detection section 304, and a clock 303, each of which 18
opcratively coupled to a receiver processor 307. As can be further seen from the
Figure, the primary receiver unit 104 also includes a power supply 306 operatively
coupled to a power conversion and monitoring section 308. Further, the power
conversion and monitoring section 308 18 also coupled to the receiver processor
307. Moreover, also shown are a recerver serial communication section 309, and
an output 310, cach operatively coupled to the recerver processor 307,

In one embodiment, the test strip interface 301 includes a glucose level
testing portion to receive a manual 1nsertion of a glucose test strip, and thereby
determine and display the glucose level of the test strip on the output 310 of the
primary receiver unit 104. This manual testing of glucose can be used to calibrate
sensor 101. The RF recerver 302 1s configured to communicate, via the
communication link 103 (FIG. 1) with the RF transmitter 206 of the transmitter

unit 102, to recerve encoded data signals from the transmitter unit 102 for, among
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others, signal mixing, demodulation, and other data processing. The input 303 of
the primary receiver unit 104 1s configured to allow the user to enter information
into the primary recetver unit 104 as needed. In one aspect, the input 303 may
include one or more keys of a keypad, a touch-sensitive screen, or a voice-
activated input command unit. The temperature detection section 304 15
configured to provide temperature information of the primary receiver unit 104 to
the recerver processor 307, while the clock 305 provides, among others, real time
information to the receiver processor 307.

Each of the various components of the primary receiver unit 104 shown in
FIG. 3 1s powered by the power supply 306 which, 1n one embodiment, includes a
battery. Furthermore, the power conversion and monitoring section 308 1s
configured to monitor the power usage by the various components in the primary
rcceiver unit 104 for ctfcctive power management and to alert the uscr, for
example, 1n the event of power usage which renders the primary recerver unit 104
in sub-optimal operating conditions. An example of such sub-optimal operating
condition may include, for example, operating the vibration output mode (as
discussed below) for a period of time thus substantially draining the power supply
306 while the processor 307 (thus, the primary receiver unit 104) is turned on.
Moreover, the power conversion and monitoring section 308 may additionally be
configured to include a reverse polarity protection circuit such as a field effect
transistor (FET) configured as a battery activated switch.

The serial communication section 309 1n the primary recetver unit 104 18
configured to provide a bi-directional communication path from the testing and/or
manufacturing equipment for, among others, mitialization, testing, and
configuration of the primary receiver unit 104. Serial communication section 104
can also be used to upload data to a computer, such as time-stamped blood
glucose data. The communication link with an external device (not shown) can be
made, for example, by cable, infrared (IR) or RF link. The output 310 of the
primary receiver unit 104 1s configured to provide, among others, a graphical user
interface (GUT) such as a liquid crystal display (LCD) for displaying information.
Additionally, the output 310 may also include an integrated speaker for outputting
audible signals as well as to provide vibration output as commonly found 1n

handheld electronic devices, such as mobile telephones presently available. In a
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further embodiment, the primary receiver unit 104 also includes an electro-
luminescent lamp configured to provide backlighting to the output 310 for output
visual display in dark ambient surroundings.

Referring back to FIG. 3, the primary receiver unit 104 in one embodiment
may also include a storage section such as a programmable, non-volatile memory
device as part of the processor 307, or provided separately 1n the primary receiver
unit 104, operatively coupled to the processor 307. The processor 307 1s further
configured to perform Manchester decoding as well as error detection and
correction upon the encoded data signals received from the transmitter unit 102
via the communication link 103.

In a further embodiment, the one or more of the transmitter unit 102, the
primary receiver unit 104, secondary recerver unit 105, or the data processing
tcrminal/infusion scction 105 may be configurced to reccive the blood glucosc
value wirelessly over a communication link from, for example, a glucose meter.
In st1ll a further embodiment, the user or patient manipulating or using the analyte
monitoring system 100 (FIG. 1) may manually input the blood glucose value
using, for example, a user intertace (for example, a keyboard, keypad, and the
like) incorporated in the one or more of the transmitter unit 102, the primary
recerver unit 104, secondary recerver unit 1035, or the data processing
terminal/infusion section 1035.

Additional detailed description of the continuous analyte monitoring
system, 1ts various components including the functional descriptions of the
transmitter are provided m U.S. Patent No. 6,175,752 1ssued January 16, 2001
entitled "Analyte Monitoring Device and Methods of Use", and 1n application No.
10/745,878 filed December 26, 2003 entitled "Continuous Glucose Monitoring
System and Methods of Use", cach assigned to the Assignee of the present
application.

FIGS. 4A-4B 1illustrate a perspective view and a cross sectional view,
respectively of an analyte sensor 1n accordance with one embodiment of the
present invention. Referring to FIG. 4A, a perspective view of a sensor 400, the
major portion of which 1s above the surface of the skin 410, with an msertion tip
430 penetrating through the skin and into the subcutanecous space 420 1n contact

with the user’s biofluid such as interstitial fluid. Contact portions of a working
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electrode 401, a reterence electrode 402, and a counter electrode 403 can be seen
on the portion of the sensor 400 situated above the skin surface 410. Working
electrode 401, a reference electrode 402, and a counter electrode 403 can be seen
at the end of the insertion tip 403.

Referring now to FIG. 4B, a cross sectional view of the sensor 400 1n one
embodiment 1s shown. In particular, it can be scen that the various electrodes of
the sensor 400 as well as the substrate and the dielectric layers are provided 1n a
stacked or layered configuration or construction. For example, as shown in FIG.
4B, 1n one aspect, the sensor 400 (such as the sensor unit 101 FIG. 1), includes a
substrate layer 404, and a first conducting layer 401 such as a carbon trace
disposed on at least a portion of the substrate layer 404, and which may comprise
the working electrode. Also shown disposed on at lecast a portion of the first
conducting laycr 401 1s a scnsing laycr 408.

Referring back to F1G. 4B, a first insulation layer such as a first diclectric
layer 405 1s disposed or stacked on at least a portion of the first conducting layer
401, and further, a second conducting layer 409 such as another carbon trace may
be disposed or stacked on top of at least a portion of the first insulation layer (or
dielectric layer) 405. As shown in FIG. 4B, the second conducting layer 409 may
comprise the reference electrode 402, and 1n one aspect, may include a layer of
silver/silver chloride (Ag/AgCl).

Referring still again to FIG. 4B, a second 1nsulation layer 406 such as a
dielectric layer in one embodiment may be disposed or stacked on at least a
portion of the second conducting layer 409. Further, a third conducting layer 403
which may include carbon trace and that may comprise the counter electrode 403
may 1n one embodiment be disposed on at least a portion of the second insulation
layer 406. Finally, a third insulation layer 1s disposed or stacked on at Ieast a
portion of the third conducting layer 403. In this manner, the sensor 400 may be
configured 1n a stacked or layered construction or configuration such that at least a
portion of each of the conducting layers 1s separated by a respective insulation
layer (for example, a dielectric layer).

Additionally, within the scope of the present invention, some or all of the
clectrodes 401, 402, 403 may be provided on the same side of the substrate 404 1n

a stacked construction as described above, or alternatively, may be provided in a
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co-planar manner such that each electrode 1s disposed on the same plane on the
substrate 404, however, with a dielectric material or insulation material disposed
between the conducting layers/electrodes. Furthermore, 1n still another aspect of
the present invention, the one or more conducting layers such as the electrodes
401, 402, 403 may be disposed on opposing sides of the substrate 404.

Referring back to the Figures, in one embodiment, the transmitter unit 102
(FIG. 1) 1s configured to detect the current signal from the sensor unit 101 (FIG.
1) and the skin temperature near the sensor unit 101, which are preprocessed by,
for example, by the transmitter processor 204 (FIG. 2) and transmitted to the
recerver unit (for example, the primary recerver unit 104 (FIG. 1) periodically at a
predetermined time interval, such as for example, but not limited to, once per
minute, once every two minutes, once every five minutes, or once every ten
minutcs. Additionally, the transmitter unit 102 may be configurcd to perform
sensor msertion detection and data quality analysis, information pertaining to
which are also transmitted to the recerver unit 104 periodically at the
predetermined time interval. In turn, the receiver unit 104 may be configured to
perform, for example, skin temperature compensation as well as calibration of the
sensor data recerved from the transmitter 102.

For example, 1n one aspect, the transmitter unit 102 may be configured to
oversample the sensor signal at a nominal rate of four samples per second, which
allows the analyte anti-aliasing filter in the transmitter unit 102 to attenuate noise
(for example, due to effects resulting from motion or movement of the sensor after
placement) at frequencies above 2 Hz. More specifically, in one embodiment, the
transmitter processor 204 may be configured to include a digital filter to reduce
aliasing noise when decimating the four Hz sampled sensor data to once per
minute samples for transmission to the recerver unit 104. As discussed in further
detail below, 1n one aspect, a two stage Kaiser FIR filter may be used to perform
the digital filtering for anti-aliasing. While Kaiser FIR filter may be used for
digital filtering of the sensor signals, within the scope of the present disclosure,
other suitable filters may be used to filter the sensor signals.

In one aspect, the temperature measurement section 203 of the transmitter
unit 102 may be configured to measure once per minute the on skin temperature

near the analyte sensor at the end of the minute sampling cycle of the sensor
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signal. Withimn the scope of the present disclosure, different sample rates may be
used which may include, for example, but not limited to, measuring the on skin
temperature for each 30 second periods, each two minute periods, and the like.
Additionally, as discussed above, the transmitter unit 102 may be configured to
detect sensor 1nsertion, sensor signal settling after sensor insertion, and sensor
removal, 1n addition to detecting for sensor — transmitter system failure modes and
sensor signal data integrity. Again, this information 1s transmitted periodically by
the transmitter unit 102 to the receiver unit 104 along with the sampled sensor
signals at the predetermined time intervals.

Referring again to the Figures, as the analyte sensor measurements are
affected by the temperature of the tissue around the transcutancously positioned
sensor unit 101, 1n one aspect, compensation of the temperature variations and
atfccts on the scnsor signals arc provided for determining the corrcsponding
glucose value. Moreover, the ambient temperature around the sensor unit 101
may affect the accuracy of the on skin temperature measurement and ultimately
the glucose value determined from the sensor signals. Accordingly, in one aspect,
a second temperature sensor 1S provided 1n the transmitter unit 102 away from the
on skin temperature sensor (for example, physically away from the temperature
measurement section 203 of the transmitter unit 102), so as to provide
compensation or correction of the on skin temperature measurements due to the
ambient temperature effects. In this manner, the accuracy of the estimated
oglucose value corresponding to the sensor signals may be attained.

In on¢ aspect, the processor 204 of the transmitter unit 102 may be
configured to include the second temperature sensor, and which is located closer
to the ambient thermal source within the transmitter unit 102. In other
embodiments, the second temperature sensor may be located at a different location
within the transmitter unit 102 housing where the ambient temperature within the
housing of the transmitter unit 102 may be accurately determined.

Referring now to FIG. 5, 1n one aspect, an ambient temperature
compensation routine for determining the on-skin temperature level for use 1n the
glucose estimation determination based on the signals received from the sensor
unit 101. Referring to FIG. 5, for each sampled signal from the sensor unit 101, a

corresponding measured temperature information is received (510), for example,
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by the processor 204 from the temperature measurement section 203 (which may
include, for example, a thermister provided 1n the transmitter unit 102). In
addition, a second temperature measurement 1s obtained (520), for example,
including a determination of the ambient temperature level using a second
temperature sensor provided within the housing the transmitter unit 102.

In one¢ aspect, based on a predetermined ratio of thermal resistances
between the temperature measurement section 203 and the second temperature
sensor (located, for example, within the processor 204 of the transmitter unit 102),
and between the temperature measurement section 203 and the skin layer on
which the transmitter unit 102 1s placed and coupled to the sensor unit 101,
ambient temperature compensation may be performed (530), to determine the
corresponding ambient temperature compensated on skin temperature level (540).
In on¢c cmbodiment, the predctermined ratio of the thermal resistances may be
approximately 0.2. However, within the scope of the present invention, this
thermal resistance ratio may vary according to the design of the system, for
example, based on the size of the transmitter unit 102 housing, the location of the
second temperature sensor within the housing of the transmitter unit 102, and the
like.

With the ambient temperature compensated on-skin temperature
information, the corresponding glucose value from the sampled analyte sensor
signal may be determined.

Referring again to FIG. 2, the processor 204 of the transmitter unit 102
may include a digital anti-aliasing filter. Using analog anti-aliasing filters for a
on¢ minute measurement data sample rate would require a large capacitor in the
transmitter unit 102 design, and which in turn impacts the size of the transmitter
unit 102. As such, in one aspect, the sensor signals may be oversampled (for
example, at a rate of 4 times per second), and then the data 1s digitally decimated
to derive a one-minute sample rate.

As discussed above, 1n one aspect, the digital anti-aliasing filter may be
used to remove, for example, signal artifacts or otherwise undesirable aliasing
ettects on the sampled digital signals recerved from the analog interface 201 of the
transmitter unit 102. For example, in one aspect, the digital anti-aliasing filter

may be used to accommodate decimation of the sensor data from approximately
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four Hz samples to one-minute samples. In one aspect, a two stage FIR filter may
be used for the digital anti-aliasing filter, and which includes improved response
time, pass band and stop band properties.

Referring to FIG. 6, a routine for digital anti-aliasing filtering 1s shown in
accordance with one embodiment. As shown, 1n one embodiment, at each
predetermined time period such as every minute, the analog signal from the
analog interface 201 corresponding to the monitored analyte level received from
the sensor unit 101 (FIG. 1) 1s sampled (610). For example, at every minute, 1n
on¢ embodiment, the signal from the analog interface 201 1s over-sampled at
approximately 4 Hz. Thereafter, the first stage digital filtering on the over-
sampled data 1s performed (620), where, for example, a 1/6 down-sampling from
246 samples to 41 samples 1s performed, and the resulting 41 samples 1s further
down-samplcd at the sccond stage digital filtcring (630) such that, for cxamplc, a
1/41 down-sampling 1s performed from 41 samples (from the first stage digital
filtering), to a single sample. Thereafter, the filter 1s reset (640), and the routine
returns to the beginning for the next minute signal received from the analog
intertace 201.

While the use of FIR filter, and in particular the use of Kaiser FIR filter, is
within the scope of the present invention, other suitable filters, such as FIR filters
with different weighting schemes or IIR filters, may be used.

Referring yet again to the Figures, the transmitter unit 102 may be
configured in one embodiment to periodically perform data quality checks
including error condition verifications and potential error condition detections,
and also to transmit the relevant information related to one or more data quality,
error condition or potential error condition detection to the recerver unit 104 with
the transmission of the monitored sensor data. For example, in one aspect, a state
machine may be used 1in conjunction with the transmitter unit 102 and which may
be configured to be updated four times per second, the results of which are
transmitted to the recerver unit 104 every minute.

In particular, using the state machine, the transmitter unit 102 may be
configured to detect one or more states that may indicate when a sensor 1s
inserted, when a sensor is removed from the user, and further, may additionally be

configured to perform related data quality checks so as to determine when a new
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sensor has been mserted or transcutaneously positioned under the skin layer of the
user and has settled 1n the inserted state such that the data transmitted from the
transmitter unit 102 does not compromise the integrity of signal processing
performed by the receiver unit 104 due to, for example, signal transients resulting
from the sensor insertion.

That 18, when the transmitter unit 102 detects low or no signal from the
sensor unit 102, which 1s followed by detected signals from the sensor unit 102
that 1s above a given signal, the processor 204 may be configured to 1dentify such
transition 18 monitored signal levels and associate with a potential sensor isertion
state. Alternatively, the transmitter unit 102 may be configured to detect the
signal level above the another predetermined threshold level, which 1s followed by
the detection of the signal level from the sensor unit 101 that falls below the same
or anothcr prcdctermined threshold Icvel. In such a casc, the processor 204 may
be configured to associate or identify such transition or condition in the monitored
signal levels as a potential sensor removal state.

Accordingly, when either of potential sensor insertion state or potential
sensor removal state, or any other state, 1s detected by the transmitter unit 102,
this information 1s transmitted to the receiver unit 104, and 1n turn, the recerver
unit may be configured to prompt the user for confirmation of either of the
detected potential sensor related state. In one aspect, the current state information
1S continuously or intermittently transmitted to the receiver unit for example,
where when there 1s a failed transmission (for example, a missed data packet from
the transmitter to the receiver unit), the current state information 18 known by the
receiver so as to determine the state transition. In another aspect, the sensor
insertion state or potential sensor removal state may be detected or determined by
the recerver unit based on on¢ or more signals received from the transmitter unit
102.

For example, 1n on¢ aspect, the transmaitter unit may be coupled to one or
more sensors, cach sensor configured to generate one or more signals associated
with the analyte beimng monitored. Alternatively, the receiver unit may be coupled,
wirelessly or otherwise, to one or more transmitters, each with their own sensor
signal. In another aspect, the sensor/transmitter configuration may include a

mechanism to detect connection between the sensor/transmitter, and/or sensor
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implantation in the patient’s tissue. For instance, a conductivity loop may be
incorporated 1nto the sensor/transmitter configuration, such that an electrically
conductive path 1s provided along the sensor length with an opening at the portion
of the sensor that 1s located 1n the patient’s analyte being monitored, and a return
path provided along the sensor length, with two contacts formed to meet with two
contacts on the transmitter. The transmitter may be configured to apply electrical
current to the contacts and detect current flow when a) both contacts are in
clectrical contact with the sensor contacts, and b) the sensor 1s positioned properly
in the analyte being monitored, closing the electrical circuit with a finite resistance
that allows detectable current to flow.

The transmitter and/or recerver unit may be designed to use this detected
signal alone or in combination with the sensor signal to determine the operational
statc of the scnsor. In anothcer aspect, the conductive path may be provided so that
it indicates the contact between the sensor and the transmitter, and not configured
to pass along the length of the sensor. Again, the transmitter and/or recerver may
be configured to use this signal alone or in combination with the sensor signal to
determine the operational state of the sensor. In yet another embodiment, a
magnetic detection mechanism may be provided to detect sensor/transmitter
connection where the transmitter unit may be configured to electromagnetically
detect a magnet located 1n the sensor when 1n close proximately thereto.

In another aspect, the sensor insertion state or potential sensor removal
state may be detected or determined by the receiver unit based on one or more
signals from the transmitter unit 102 and one or more signals derived at the
receiver unit 104. For example, similar to an alarm condition or a notification to
the user, the receiver unit 104 may be configured to display a request or a prompt
on the display or an output unit of the receiver unit 104 a text and/or other suitable
notification message to inform the user to confirm the state of the sensor unit 101,

For example, the recerver unit 104 may be configured to display the
following message: “New Sensor Inserted” or “*Did you 1nsert a new Sensor??” or
a stmilar notification 1n the case where the receiver unit 104 receives one or more
signals from the transmitter unit 102 associated with the detection of the signal
level below the predetermined threshold level for the predefined period of time,

followed by the detection of the signal level from the sensor unit 101 above
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another predetermined threshold level for another predefined period of time.
Alternatively, the recerver unit may display this message when 1t receives the
“new sensor’’ or ‘“‘sensor inserted’” operational state data from the transmuitter, that
has changed from the previous operational state data, stored 1n the recerver unit,
indicating “sensor removed”. Indeed, 1n one aspect, the receiver unit may be
configured to maintain a state machine, and 1f 1t 1S 1n the “sensor removed” state,
the receiver 18 configured to look for “new sensor” or “sensor stable™ transitions to
determine 1f it needs to change state.

Additionally, the receiver unit 104 may be configured to display the
following message: “Sensor removed™ or “Did you remove the sensor?” or a
similar notification in the case where the receiver unit 104 recerved one or more
signals from the transmitter unit 102 associated with the detection of the signal
Icvel from the sensor unit 101 that 1s above the another predetermined threshold
level for the another predefined period of time, which 1s followed by the detection
of the signal level from the sensor unit 101 that falls below the predetermined
threshold level for the predefined period of time. Again, in another embodiment,
the recerver unit may display this message when it recerves the “‘sensor removed”
operational state data from the transmitter, that has changed from the previous
operational state data, stored in the receiver unit, indicating “new sensor’ or
“sensor 1nserted”.

Based on the user confirmation received, the recerver unit 104 may be
further configured to execute or perform additional related processing and routines
in response to the user confirmation or acknowledgement. For example, when the
user confirms, using the user interface mput/output mechanism of the receiver unit
104, for example, that a new sensor has been inserted, the receiver unit 104 may
be configured to 1nitiate a new sensor insertion related routines including, such as,
for example, sensor calibration routine including, for example, calibration timer,
sensor expiration timer and the like. Alternatively, when the user confirms or 1t 1s
determined that the sensor unit 101 1s not properly positioned or otherwise
removed from the msertion site, the receiver unit 104 may be accordingly
configured to perform related functions such as, for example, stop displaying of

the glucose values/levels, or deactivating the alarm monitoring conditions.
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On the other hand, 1n response to the potential sensor insertion notification
generated by the receiver unit 104, 1f the user confirms that no new sensor has
been 1nserted, then the receiver unit 104 1n one embodiment 1s configured to
assume that the sensor unit 101 1s 1n acceptable operational state, and continues to
receive and process signals from the transmitter unit 102.

In this manner, 1n cases, for example, when there 18 momentary movement
or temporary dislodging of the sensor unit 101 from the initially positioned
transcutancous state, or when one or more of the contact points between sensor
unit 101 and the transmitter unit 102 are temporarily disconnected, but otherwise,
the sensor unit 101 1s operational and within its useful life, the routine above
provides an option to the user to maintain the usage of the sensor unit 101, to not
replace the sensor unit 101 prior to the expiration of its useful life. In this manner,
1n onc aspcct, falsc positive indications of scnsor unit 101 failurc may be
identified and addressed.

For example, FIG. 7 1s a flowchart 1llustrating actual or potential sensor
insertion or removal detection routine 1n accordance with one embodiment of the
present invention. Referring to the Figure, the state machine 1s 1n an 1nitial
operational state, for instance, the “sensor removed” state. Next, the current
analyte related signal 1s received and then compared to one or more predetermined
signal characteristics. One predetermined signal characteristic, associated with
new sensor 1nsertion, 18 for the signal level to exceed 18 ADC (analog to digital
conversion) counts continuously for approximately 10 seconds. Another
predetermined signal characteristic, associated with signal settling (that 1s, the
signal transient associated with sensor insertion has subsided), is for the signal
level to exceed 9 ADC counts and the result of the current signal minus a previous
signal from 10 seconds prior, retrieved from storage, must be less than 59 ADC
counts, both continuously for a duration of 90 seconds.

Another predetermined signal characteristic, associated with sensor
removal, 1§ for the signal level to be less than 9 ADC counts continuously for 10
seconds. It 1s to be noted that other values for levels and durations may be
contemplated to be more suitable for various designs and are within the scope of
the present disclosure. Also, in particular embodiments, the signal characteristic

criteria may allow one or more violations of the signal threshold or rate deviances
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(such as exceeding the threshold or rate). Also, the duration may be variable,
where that duration and threshold 1s determined by some other characteristic, such
as present operational state. Other variations 1n signal characteristics may be
contemplated based on the detectability of other contemplated operational states
or on the previously discussed operational states. Also, prefiltering of the signals
may be included prior to the comparison with predetermined signal
characteristics, as appropriate.

Referring back to the Figure, a new operational state 18 determined. In one
aspect this 1s based on the present operational state, and the results from the signal
being compared with predetermined signal characteristics. For example, if the
present operational state 18 ““sensor removed”, and result of the predetermined
signal characteristic comparison associated with new sensor insertion 18 true, then
thc opcrational statc will transition to the “ncw scnsor” statc. Likcwisc, 1f the
present operational state 18 ““sensor imnserted” or “‘new sensor’”’, and the result of the
predetermined signal characteristic comparison associated with sensor removal 1s
true, then the operational state will transition to the “sensor removed” state. If the
comparison results are false, then the operational stays unchanged. Similarly,
other state transition operations can be contemplated and implemented as
required.

In yet another aspect, based on the present operational state, only
predetermined signal characteristics relevant to that operational state may be
compared with the signal. Also, data quality status, as determined upon every
received new signal, may alter the state transition operation. For instance, state
transitions may be precluded 1if 1t 1s determined that data quality 1s invalid, and not
allowed until data quality 1s determined to be valid.

In this manner, in on¢ aspect of the present invention, based on a transition
state of the received analyte related signals, 1t may be possible to determine the
state of the analyte sensor, and based on which the user or the patient to confirm
whether the analyte sensor 1s 1n the desired or proper position, has been
temporarily dislocated, or otherwise, removed from the desired insertion site so as
to require a new analyte sensor.

In this manner, 1 one aspect, when the monitored signal from the sensor

unit 101 crosses a transition level for a (for example, from no or low signal level
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to a high signal level, or vice versa), the transmitter unit 102 may be configured to
generate an appropriate output data associated with the sensor signal transition, for
transmission to the recerver unit 104 (FIG. 1). Additionally, as discussed in
further detail below, in another embodiment, the determination of whether the
sensor unit 101has crossed a transition level may be determined by the
receiver/monitor unit 104/106 based, at least in part on the one or more signals
recerved from the transmitter unit 102,

FIG. 8 15 a flowchart illustrating receiver unit processing corresponding to
the actual or potential sensor insertion or removal detection routine of FIG. 7 1n
accordance with one embodiment of the present invention. Referring now to FIG.
8, when the recetver unit 104 receives the generated output data from the
transmitter unit 102 (810), 1t 1s related to a corresponding operation state such as a
potcntial new opcerational statc of the sensor unit 101 (820). Morcover, if the
potential new operational state 15 different than the current operational state, a
notification associated with the sensor unit operation state 1s generated and output
to the user on the display unit or any other suitable output segment of the receiver
unit 104 (830). When a user input signal 1s received 1n response to the notification
assoclated with the sensor state operation state (840), the receiver unit 104 is
configured to execute one or more routines associated with the received user input
signal (850).

That 1s, as discussed above, 1n one aspect, if the user confirms that the
sensor unit 101 has been removed, the recerver unit 104 may be configured to
terminate or deactivate alarm monitoring and glucose displaying functions. On
the other hand, 1f the user confirms that a new sensor unit 101 has been positioned
or mserted into the user, then the receiver unit 104 may be configured to initiate or
execute routines associated with the new sensor 1nsertion, such as, for example,
calibration procedures, establishing calibration timer, and establishing sensor
expiration timer.

In a further embodiment, based on the detected or monitored signal
transition, the recerver/monitor unit may be configured to determine the
corresponding sensor state without relyimg upon the user input or confirmation
signal associated with whether the sensor 1s dislocated or removed from the

insertion site, or otherwise, operating properly.
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FIG. 9 1s a flowchart illustrating data processing corresponding to the
actual or potential sensor msertion or removal detection routine 1in accordance
with another embodiment of the present invention. Referring to FIG. 9, a current
analyte related signal is received from the transmitter unit and compared to a
predetermined signal charactenistic (910). Thereafter, a new potential operational
state associated with an analyte monitoring device such as, for example, the sensor
unit 101 (FIG. 1) 1s retrieved (920) from a storage unit or otherwise resident in,
for example, a memory of the receiver/monitor unit. Additionally, a prior analyte
related signal 1s also retrieved from the storage unit, and compared to the current
analyte related signal received (930). An output data 1s generated which 1s
associated with the operational state, and which at least in part 1s based on the one
or more of the received current analyte related signal and the retrieved prior
analytc rclatcd signal.

Referring again to FIG. 9, when the new potential operational state 1s
generated, a corresponding user input command or signal 1s recetved 1n response
to the generated and output data (950), and which may include one or more of a
confirmation, verification, or rejection of the operational state related to the
analyte monitoring device.

FIG. 10 1s a flowchart illustrating a concurrent passive notification routine
in the data recerver/monitor unit of the data monitoring and management system
of FIG. 1 1n accordance with one embodiment of the present invention. Referring
to FIG. 10, a predetermined routine 18 executed (1010). During the execution of
the predetermined routine, an alarm condition 1s detected (1020), and when the
alarm or alert condition 1s detected, a first indication associated with the detected
alarm or alert condition 1s output concurrent to the execution of the predetermined
routine (1030).

That 1s, 1n one embodiment, when a predefined routine 1s being executed,
and an alarm or alert condition 1s detected, a notification 1s provided to the user or
patient associated with the detected alarm or alert condition, but which does not
interrupt or otherwise disrupt the execution of the predefined routine. Referring
back to FIG. 10, upon termination ot the predetermined routine, another output or

second 1ndication associated with the detected alarm condition 1s output or

displayed (1040).
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More specifically, in one aspect, the user interface notitication feature
associated with the detected alarm condition is output to the user only upon the
completion of an ongoing routine which was in the process of being executed
when the alarm condition 1s detected. As discussed above, when such alarm
condition 1s detected during the execution of a predetermined routine, a temporary
alarm notification such as, for example, a backlight indicator, a text output on the
user interface display, a reverse-video flashing of text, icon, a newly displayed
flashing bar, or any other suitable output indication may be provided to alert the
user or the patient of the detected alarm condition substantially in real time, but
which does not disrupt an ongoing routine.

Within the scope of the present invention, the ongoing routine or the
predetermined routine being executed may includes one or more of performing a
fingcr stick blood glucosc test (for cxamplce, for purposcs of periodically
calibrating the sensor unit 101), or any other processes that interface with the user
Intertace, for example, on the receiver/monitor unit 104/106 (FI1G. 1) including,
but not limited to the configuration of device settings, review of historical data
such as glucose data, alarms, events, entries in the data log, visual displays of data
including graphs, lists, and plots, data communication management including RF
communication administration, data transfer to the data processing terminal 105
(FIG. 1), or viewing one or more alarm conditions with a different priority in a
preprogrammed or determined alarm or notification hierarchy structure.

In this manner, in on¢ aspect of the present invention, the detection of one
or more alarm conditions may be presented or notified to the user or the patient,
without mterrupting or disrupting an ongoing routine or process in, for example,
the receiver/monitor unit 104/106 of the data monitoring and management system
100 (FIG. 1).

A method 1n accordance with one embodiment includes detecting a first
temperature related signal from a first source, detecting a second temperature
related signal from a second source, the second source located at a predetermined
distance from the first source, and estimating an analyte temperature related signal
based on the first and second detected temperature signals.

The first source in one aspect may be located substantially in close

proximity to a transcutaneously positioned analyte sensor, and more specifically,
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in one embodiment, the first source may be located approximately 0.75 inches
from the analyte sensor.

In a further embodiment, the analyte temperature related signal may be
estimated based on a predetermined value associated with the detected first and
second temperature related signals, where the predetermined value may include a
ratio of thermal resistances associated with the first and second sources.

The method in a further aspect may include determining a glucose value
based on the estimated analyte temperature related signal and a monitored analyte
level.

The second temperature related signal 1n yet another aspect may be related
to an ambient temperature source.

An apparatus 1n a further embodiment may include a housing, an analyte
scnsor couplcd to the housmg and transcutancously positionable undcr a skin laycr
of a user, a first temperature detection unit coupled to the housing contigured to
detect a temperature associated with the analyte sensor, and a second temperature
detection unit provided 1n the housing and configured to detect an ambient
temperature.

The one or more of the first temperature detection unit or the second
temperature detection unit may include one or more of a thermistor, a
semiconductor temperature sensor, or a resistance temperature detector (RTD).

The apparatus 1n a further aspect may also include a processor, where at
least a portion of the second temperature detection unit may be provided within
the processor.

In another embodiment, the processor may be configured to receive the
temperature associated with the analyte sensor, the ambient temperature, and an
analyte related signal from the analyte sensor, and also, the processor may be
configured to estimate an analyte temperature related signal based on the
temperature associated with the analyte sensor, and the ambient temperature.

Also, the processor may be configured to determine a glucose value based
on the estimated analyte temperature related signal and an analyte related signal
from the analyte sensor.

In still another aspect, the analyte temperature related signal may be

estimated based on a predetermined value associated with the detected
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temperature associated with the analyte sensor, and the ambient temperature,
where the predetermined value may include a ratio of thermal resistances
associated with the temperature associated with the analyte sensor, and the
ambient temperature.

Alternatively, the predetermined value 1n still another aspect may be
variable based an error feedback signal associated with the monitored analyte
level by the analyte sensor, where the error feedback signal may be associated
with a difference between a blood glucose reference value and the analyte sensor
signal.

The apparatus may also include a transmitter unit configured to transmit
one or more signals associated with the detected temperature associated with the
analyte sensor, detected ambient temperature, an analyte related signal from the
analytc scnsor, analytc tcmpcraturc rclated signal bascd on the tecmpcraturc
associated with the analyte sensor, and the ambient temperature, or a glucose
value based on the estimated analyte temperature related signal and the analyte
related signal from the analyte sensor.

The transmitter unit may include an rf transmaitter.

A system 1n accordance with still another embodiment may include a data
receiver configured to recerve a first temperature related signal from a first source,
a second temperature related signal from a second source, the second source
located at a predetermined distance from the first source, and a processor
operatively coupled to the data receiver, and configured to estimate an analyte
temperature related signal based on the first and second detected temperature
signals.

An apparatus 1n accordance with a further embodiment includes a digital
filter unit including a first filter stage and a second filter stage, the digital filter
unit configured to receive a sampled signal, where the first filter stage 1s
configured to filter the sampled signal based on a first predetermined filter
characteristic to generate a first filter stage output signal, and further, where the
second filter stage 1s configured to filter the first filter stage output signal based on
a second predetermined filter characteristic to generate an output signal associated

with a monitored analyte level.
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The sampled signal may include an over-sampled signal at a frequency of
approximately 4 Hz.

The digital filter unit may include one of a Finite Impulse Response (FIR)
filter, or an Infinite Impulse Response (IIR) filter.

The first and the second filter stages may include a respective first and
second down sampling filter characteristics.

Also, the one or more of the first and second filter stages may include
down sampling the sampled signal or the first filter stage output signal,
respectively, where the received sampled signal may be associated with the
monitored analyte level of a user.

In another aspect, the digital filter unit may be configured to receive the
sampled signal at a predetermined time interval.

The predetermined time interval 1n onc aspect may includc onc of
approximately 30 second, approximately one minute, approximately two minutes,
approximately five minutes, or any other suitable time periods.

A method 1n accordance with yet another embodiment includes receiving a
sampled signal associated with a monitored analyte level of a user, performing a
first stage filtering based on the recerved sampled signal to generate a first stage
filtered signal, performing a second stage filtering based on the generated first
stage filtered signal, and generating a filtered sampled signal.

The sampled signal may include an over-sampled signal at a frequency of
approximately 4 Hz, and also, where the first and the second stage filtering may
include a respective first and second down sampling based on on¢ or more filter
characteristics.

The recerved sampled signal in one aspect may be periodically received at
a predetermined time interval, where the predetermined time interval may include
on¢ of approximately 30 second, approximately one minute, approximately two
minutes, or approximately five minutes.

A method 1n still another embodiment may include recerving a signal
associated with an analyte level of a user, determiming whether the received signal
deviates from a predetermined signal characteristic, determining an operational
state associated with an analyte monitoring device, comparing a prior signal

assoclated with the analyte level of the user to the recerved signal, generating an
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output data associated with the operational state of the analyte monitoring device
based on one or more of the recerved signal and the prior signal.

The predetermined signal characteristic in one embodiment may include a
signal level transition from below a first predetermined level to above the first
predetermined level, a signal level transition from above a second predetermined
level to below the second predetermined threshold, a transition from below a
predetermined signal rate of change threshold to above the predetermined signal
rate of change threshold, or a transition from above the predetermined signal rate
of change threshold to below the predetermined signal rate of change threshold.

In one¢ aspect, the first predetermined level and the second predetermined
level each may 1nclude one of approximately 9 ADC counts or approximately 18
ADC counts, or any other suitable signal levels or analog to digital converter
(ADC) counts that rcspectively represent or corrcspond to a no scnsor signal statc,
a sensor signal state, or the like.

The predetermine signal characteristic may include 1n one aspect, a
transition from below a predetermined level to above and wherein the signal 1s
maintained above the predetermined level for a predetermined period of time,
where the predetermined period of time may include one of approximately 10
seconds, 30 seconds, or less than 30 seconds, or greater than 30 seconds, or any
other suitable time periods.

In a further aspect, the operational state may include a no detected sensor
state, Or a sensor presence state.

The output data in one embodiment may include a user notification alert.

Further, the output data may include an indicator to start one or more
processing timers associated with a respective one or more data processing
routines, where the one or more processing timers may include a respective one of
a calibration timer, or a sensor ¢xpiration timer.

The method may 1nclude recerving a user input data based on the output
data, where the user input data may include a user confirmation of one of the
change 1n operational state or no change 1n operational state.

The method may turther include modifying the operational state, where the
operational state may be moditied based on one of the received user input data, or

based on the generated output data.
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The method may include presenting the output data, where presenting the
output data may include one or more of visually presenting the output data,
audibly presenting the output data, vibratorily presenting the output data, or one or
more combinations thercof.

The analyte level may include glucose level of the user.

The operational state may include one of an analyte sensor removal state,
an analyte sensor insertion state, an analyte sensor dislocation state, an analyte
sensor 1nsertion with an associated transient signal state, or an analyte sensor
insertion with an associated stabilized signal state.

An apparatus 1n still yet another embodiment may include a data
processing unit including a data processor configured to determine whether a
received signal associated with an analyte level of a user deviates from a
prcdctermined signal characteristic, dctcrmine an opcrational statc associated with
an analyte monitoring device, compare a prior signal associated with the analyte
level of the user to the received signal, and generate an output data associated with
the operational state of the analyte monitoring device based on one or more of the
received signal or the prior signal.

The data processing unit may include a communication unit operatively
coupled to the data processor and configured to communicate one or more of the
received signal, the prior signal, and the output data associated the operational
state of the analyte monitoring device.

The communication unit may include one of an rf transmitter, an rf
recerver, an Infrared data communication device, a Bluetooth data communication
device, or a Zigbee data communication device.

The data processing unit may include a storage unit operatively coupled to
the data processor to store one or more of the received signal associated with the
analyte level, the predetermined signal characteristic, the operational state
associated with the analyte monitoring device, the prior signal associated with the
analyte level of the user, or the output data associated with the operational state of
the analyte monitoring device.

A method 1n accordance with still yet a further embodiment may include
recelving a signal associated with an analyte level of a user, determining whether

the received signal deviates from a predetermined signal characteristic,
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determining an operational state associated with an analyte monitoring device,
comparing a prior signal associated with the analyte level of the user to the
recerved signal, presenting an output data associated with the operational state of
the analyte monitoring device based at least 1 part on one or more of the received
signal or the prior signal, and receiving a user input data based on the presented
output data.

In still another aspect, the predetermined signal characteristic may include
a signal level transition from below a first predetermined level to above the first
predetermined level, a signal level transition from above a second predetermined
level to below the second predetermined level, a transition from below a
predetermined signal rate of change threshold to above the predetermined signal
rate of change threshold, and a transition from above the predetermined signal rate
of changc thrcshold to below the predetermined signal rate of change threshold,
and further, where the first predetermined level and the second predetermined
level each may 1nclude one of approximately 9 ADC counts or approximately 18
ADC counts, or other predetermined ADC counts or signal levels.

The predetermine signal characteristic in another aspect may include a
transition from below a predetermined level to above and wherein the signal 1s
maintained above the predetermined level for a predetermined period of time
which may include, for example, but not limited to, approximately 10 seconds, 30
seconds, or less than 30 seconds, or greater than 30 seconds.

Further, the operational state may include a no detected sensor state, or a
SCNSOT presence state.

Morecover, the output data may include a user notification alert.

The output data may include an indicator to start one or more processing
timers associated with a respective one or more data processing routines, where
the one or more processing timers may include a respective one of a calibration
timer, or a sensor expiration timer.

In another aspect, the user mput data may include a user confirmation of
one of the change 1n operational state or no change 1n operational state.

The method may include moditying the operational state based on, for
example, one of the received user input data, or based on the generated output

data.
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Additionally, presenting the output data may include one or more of
visually presenting the output data, audibly presenting the output data, vibratorily
presenting the output data, or one or more combinations thereof.

Also, the operational state may include one of an analyte sensor removal
state, an analyte sensor 1nsertion state, an analyte sensor dislocation state, an
analyte sensor insertion with an associated transient signal state, or an analyte
sensor msertion with an associated stabilized signal state.

A data processing device 1n accordance with one embodiment may include
a user interface unit, and a data processor operatively coupled to the user interface
unit, the data processor configured to recerve a signal associated with an analyte
level of a user, determine whether the received signal deviates from a
predetermined signal characteristic, determine an operational state associated with
an analytc monitoring dcvice, comparc a prior signal associatcd with the analyte
level of the user to the recerved signal, present in the user interface unit an output
data associated with the operational state of the analyte monitoring device based at
least 1in part on one or more of the received signal or the prior signal, and to
receive a user input data from the user interface unit based on the presented output
data.

The user interface unit 1n one aspect may include one or more of a user
input unit, a visual display unit, an audible output unit, a vibratory output unit, or
a touch sensitive user input unit.

In one¢ embodiment, the device may include a communication unit
operatively coupled to the data processor and configured to communicate one or
more of the recerved signal, the prior signal, and the output data associated the
opcrational state of the analyte monitoring device, where the communication unit
may include, for example, but not limited to one of an rf transmutter, an rf
recelver, an Infrared data communication device, a Bluetooth data communication
device, a Zigbee data communication device, or a wired connection.

The data processing device may include a storage unit operatively coupled
to the data processor to store one or more of the received signal associated with
the analyte level, the predetermined signal characteristic, the operational state

assoclated with the analyte monitoring device, the prior signal associated with the
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analyte level of the user, or the output data associated with the operational state of
the analyte monitoring device.

A method 1n accordance with still yet another embodiment may include
executing a predetermined routine associated with an operation of an analyte
monitoring device, detecting one or more predefined alarm conditions associated
with the analyte monitoring device, outputting a first indication associated with
the detected one or more predefined alarm conditions during the execution of the
predetermined routine, outputting a second indication associated with the detected
on¢ or more predefined alarm conditions after the execution of the predetermined
routine, where the predetermined routine 1s executed without mterruption during
the outputting of the first indication.

In one aspect, the predetermined routine may include one or more processes
associatcd with performing a blood glucosc assay, onc or morc configuration
settings, analyte related data review or analysis, data communication routine,
calibration routine, or reviewing a higher priority alarm condition notification
compared to the predetermined routine, or any other process or routine that
requires the user interface.

Moreover, 1n one aspect, the first indication may include one or more of a
visual, audible, or vibratory indicators.

Further, the second indication may include one or more of a visual,
audible, or vibratory indicators.

In one aspect, the first indication may include a temporary indicator, and
further, and the second indication may include a predetermined alarm associated
with detected predefined alarm condition.

In still another aspect, the first indication may be active during the
execution of the predetermined routine, and may be 1nactive at the end of the
predetermined routine.

Further, the second indication 1n a further aspect may be active at the end
of the predetermined routine.

Moreover, each of the first indication and the second indication may
include one or more of a visual text notification alert, a backlight indicator, a

oraphical notification, an audible notification, or a vibratory notification.
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The predetermined routine may be executed to completion without
interruption.

An apparatus 1n accordance with still another embodiment may include a
user interface, and a data processing unit operatively coupled to the user interface,
the data processing unit configured to execute a predetermined routine associated
with an operation of an analyte monitoring device, detect one or more predefined
alarm conditions associated with the analyte monitoring device, output on the user
interface a first indication associated with the detected one or more predefined
alarm conditions during the execution of the predetermined routine, and output on
the user interface a second 1ndication associated with the detected one or more
predefined alarm conditions after the execution of the predetermined routine,
wherein the predetermined routine 18 executed without interruption during the
outputting of the first indication.

The predetermined routine may include one or more processes associated
with performing a blood glucose assay, one or more configuration settings,
analyte related data review or analysis, data communication routine, calibration
routine, or reviewing a higher priority alarm condition notification compared to
the predetermined routine.

The first indication or the second indication or both, in one aspect may
include one or more of a visual, audible, or vibratory indicators output on the user
intertface.

In addition, the first indication may include a temporary indicator, and
further, wherein the second indication includes a predetermined alarm associated
with detected predefined alarm condition.

Also, the first indication may be output on the user interface during the
execution of the predetermined routine, and 18 not output on the user interface at
or prior to the end of the predetermined routine.

Additionally, the second indication may be active at the end of the
predetermined routine.

In another aspect, each of the first indication and the second indication
may 1nclude a respective one or more of a visual text notification alert, a backlight
indicator, a graphical notification, an audible notification, or a vibratory

notification, configured to output on the user interface.
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The scope of the claims should not be limited by the preferred embodiments

set forth in the examples, but should be given the broadest interpretation consistent with

the description as a whole.
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What 1s claimed 1s:
[ A method, COMPprising:
receiving a signal associated with an analyte level of a user;
determining whether the received signal deviates from a predetermined signal characteristic;

retrieving, from a memory of an analyte monitoring device, a prior signal associated with a prior
analyte level when 1t 1s determined that the received signal deviates from the predetermined signal

characteristic:
comparing the prior signal associated with the analyte level of the user to the received signal;

presenting an output data associated with an operational state of the analyte monitoring device,
wherein the operational state of the analyte monitoring device 1s based at least in part on one or more of

the received signal or the prior signal;
receiving a user input data based on the presented output data; and

determining a new operational state associated with the analyte monitoring device based on the

received user input data.

2. The method of claim 1 wherein the predetermined signal characteristic includes a signal
level transition from below a first predetermined level to above the first predetermined level, a signal
level transition from above a second predetermined level to below the second predetermined level, a
transition from below a predetermined signal rate of change threshold to above the predetermined signal
rate of change threshold, or a transition from above the predetermined signal rate of change threshold to

below the predetermined signal rate of change threshold.

3. The method of claim 2 wherein the first predetermined level and the second

predetermined level each includes one of 9 ADC counts or 18 ADC counts.

4, The method of claim 1 wherein the predetermine signal characteristic imncludes a
transition from below a predetermined level to above and wherein the signal 1s maintained above the

predetermined level for a predetermined period of time.
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J. The method of claim 4 wherein the predetermined period of time includes one of 10

seconds, 30 seconds, or less than 30 seconds, or greater than 30 seconds.

0. The method of claim 1 wherein the operational state includes a state 1 which a sensor 1s

not detected as present or a state 1n which a sensor 1s detected as present.

7. The method of claim [ wherein the output data includes a user notification alert.

8. The method of claim 1 wherein the output data includes an mdicator to start one or more

processing timers associated with a respective one or more data processing routines.

9. The method of claim 8 wherein the one or more processing timers includes a respective

one of a calibration timer, or a sensor expiration timer.

10. The method of claim 1 wherein the user input data includes a user confirmatton of one of

the change 1n operational state or no change in operational state.

I1. The method of claim | wherein presenting the output data includes one or more ot
visually presenting the output data, audibly presenting the output data, vibratorily presenting the output

data, or one or more combinations thereof.

12. The method of claim 1 wherein the analyte level includes glucose level of the user.

13. The method of claim 1 wherein the operational state includes one ot an analyte sensor
removal state, an analyte sensor insertion state, an analyte sensor dislocation state, an analyte sensor
insertion with an associated transient signal state, or an analyte sensor mnsertion with an assocrated

stabihized signal state.
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14, A data processing device, COmprising:
a storage unit;
a user interface unit; and

a data processor operatively coupled to the user interface unit and the storage unit, the data
processor programmed to recelve a signal associated with an analyte level of a user, determine whether
the received signal deviates from a predetermined signal characteristic, retrieve, from the storage unit, a
prior signal associated with a prior analyte level when it 1s determined that the received signal deviates
from the predetermined signal characteristic, compare the prior signal associated with the analyte level of
the user to the received signal, present in the user interface unit an output data associated with the
operational state of an analyte monitoring devicé, the operational state of the analyte monitoring device
being based at least in part on one or more of the received signal or the prior signal, to receive a user input
data from the user interface unit based on the presented output data, and to determine a new operational

state associated with the analyte monitoring device based on the received user mput data.

15. The device of claim 14 wherein the user interface unit includes one or more of a user

input unit, a visual display unit, an audible output unit, a vibratory output unit, or a touch sensitive user

Input untt.

[6. The device of claim 15 including a communication unit operatively coupled to the data
processor and contigured to communicate one or more of the received signal, the prior signal, and the

output data associated the operational state of the analyte monitoring device.

17, The device of claim 16 wherein the communication unit inciudes one of an rf transmitter,

an rf receiver, an infrared data communication device, a Bluetooth data communication device, or a

Zigbee data communication device.

13. The device of claim 15 wherein the storage unit stores one or more of the received signal
associated with the analyte level, the predetermined signal characteristic, the operational state associated
with the analyte monitoring device, the prior signal associated with the analyte level of the user, or the

output data assoctated with the operational state of the analyte monitoring device.



CA 02683959 2009-10-14

PCT/US2008/060281

WO 2008/130897

-1/10 -

Gol

NOILO3S
NOISMANI
[TIVNINSG3 1
ONISS3I00dd
V1V{d

90l

vol

1INMN J43AI303d
AdYVANOD3S

1INMN 43AI303d
AdVINIdd

| 34NOI

001

<0l

c0l

1IN
A1 1TINSNVal

101

1INM JOSN3S



CA 02683959 2009-10-14

PCT/US2008/060281

WO 2008/130897

-2/ 10 -

F(T J9AIY O,

90¢

AlddNS Jd3dMOd

Add11IINSNVal dd

NOILOdS

NOILVOINNININOO
1VIiadSs

G0c

¢ 34dNOid

L0C

d0SS300:dd

60C

AV

NOILO3dS
AINJINJANSVIN
JaNlvaddiNdL

1NdNI d3SnN

LIN2AdID

80¢

c0C

vic

NOILOd1dd Mv3l

J0V4dddLNI
D0 TVNV

L0

€0l

4 T4

(A XA

L1
] XA



CA 02683959 2009-10-14

PCT/US2008/060281

WO 2008/130897

-3/ 10 -

GOL TVNIWA3L
ONISS300dd V.1Ivd
Ol

90¢

AlddNs
d3MOd

Ole

AV1dSIA/LNdLNoO

NOILO3S
NOILVOINNNINOD
VId3S

60¢c

€ 3d4NOId

80 — ™

NOILO3S
ONIHJOLINOW
ANV
NOISH3ANOD
d44MOd

4OV4d01S ¥
ONISS300dd

£0¢

— V0l

AO0O10 5 coE

NOILO3S

dOLINOW

JdN1lVdddNGL

14020

1NdNI ¥3sn //I
€oE

ddAI303d d4

JOV4dd3LN|

dld

S 1S4l

c0¢

L0C

COl dd11INSNVHL
NOH




CA 02683959 2009-10-14
WO 2008/130897 PCT/US2008/060281

-4/ 10 -

=
prd
O n
= -
e = G =
) <t
z
~ =
\ - o
2 g3 -
vZES1UN S
§
. 2
'/A < 3 :
3- > :
N 3
NN T -
™ - =
YiillE =
§ 0P, E
,.’/// 8
4 2w
U, <2o
= A & -
3
ne ‘
D
®,
Y = =
O3 S _
) < =
E )
N

407
406
405
404



CA 02683959 2009-10-14
WO 2008/130897 PCT/US2008/060281

-5/ 10 -

START

RECEIVE ON-SKIN
TEMPERATURE INFORMATION

-310

RECEIVE AMBIENT
TEMPERATURE INFORMATION

- 320

PERFORM AMBIENT
TEMPERATURE
COMPENSATION
- 230

GENERATE SENSOR
TEMPERATURE
INFORMATION

- 240

END

FIGURE 5



CA 02683959 2009-10-14
WO 2008/130897 PCT/US2008/060281

-6/ 10 -

START

SAMPLE DATA OVER A
PREDEFINED TIME PERIOD

- 610

PERFORM FIRST STAGE
DIGITAL FILTERING ON
SAMPLED DATA

- 620

PERFORM SECOND STAGE
DIGITAL FILTERING ON FIRST
STAGE DIGITAL FILTERED
DATA

- 630

RESET FILTER
- 640

END

FIGURE 6



WO 2008/130897

CA 02683959 2009-10-14

-7/ 10 -

START

COMPARE A CURRENT
ANALYTE RELATED SIGNAL TO
A PREDETERMINED SIGNAL
CHARACTERISTIC
- 710

DETERMINE OPERATIONAL
STATE ASSOCIATED WITH AN
ANALYTE MONITORING
DEVICE
- 720

COMPARE A PRIOR SIGNAL
ASSOCIATED WITH THE
ANALYTE LEVEL TO THE
CURRENT ANALYTE RELATED
SIGNAL
- 130

GENERATE OUTPUT DATA
ASSOCIATED WITH THE
OPERATIONAL STATE

- 740

END

FIGURE 7

PCT/US2008/060281



WO 2008/130897

CA 02683959 2009-10-14

-8/ 10 -

START

RECEIVE OUTPUT DATA FROM
TRANSMITTER UNIT

- 810

ASSOCIATE AN OPERATION
STATE CORRESPONDING TO
THE OUTPUT DATA
- 820

GENERATE AND OUTPUT A
NOTIFICATION ASSOCIATED
WITH THE SENSOR UNIT
OPERATION STATE
- 830

RECEIVE USER INPUT SIGNAL
- 840

EXECUTE ROUTINE(S)
ASSOCIATED WITH THE

RECEIVED USER INPUT SIGNAL

- 850

END

FIGURE 8

PCT/US2008/060281



CA 02683959 2009-10-14
WO 2008/130897 PCT/US2008/060281

-9/10 -

START

RECEIVE AND COMPARE A
CURRENT ANALYTE RELATED
SIGNAL TO A PREDETERMINED
SIGNAL CHARACTERISTIC
- 910

RETRIEVE AN OPERATIONAL
STATE ASSOCIATED WITH AN
ANALYTE MONITORING
DEVICE
- 920

RETRIEVE A PRIOR SIGNAL
ASSOCIATED WITH THE
ANALYTE LEVEL AND
COMPARE TO THE CURRENT
ANALYTE RELATED SIGNAL

- 230

GENERATE OUTPUT DATA
ASSOCIATED WITH THE
OPERATIONAL STATE

- 240

RECEIVE A USER INPUT BASED
ON THE GENERATED OUTPUT
DATA

- 230

END

FIGURE 9



WO 2008/130897

CA 02683959 2009-10-14

-10/10 -

START

EXECUTE A PREDETERMINED
ROUTINE
- 1010

DETECT AN ALARM
CONDITION

- 1020

OUTPUT A FIRST INDICATION
ASSOCIATED WITH THE
DETECTED ALARM CONDITION
CONCURRENT TO EXECUTION
OF PREDETERMINED ROUTINE
- 1030

OUTPUT A SECOND
INDICATION ASSOCIATED
WITH THE DETECTED ALARM
CONDITION AFTER THE
TERMINATION OF THE
PREDETERMINED ROUTINE
EXECUTION

- 1040

END

FIGURE 10

PCT/US2008/060281



SENSOR UNIT

101

TRANSMITTER
UNIT

102

103

PRIMARY
RECEIVER UNIT

SECONDARY
RECEIVER UNIT

104

106

DATA
PROCESSING
TERMINAL/
INFUSION
SECTION

105



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - abstract drawing

