Docket Nos.: A0130.0090.C7

9368USC7
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Wesley Scott Harper
Application No.: To be assigned Confirmation No.: To be assigned
Filed: August 25, 2021 Art Unit: To be assigned
For: METHODS AND SYSTEMS FOR EARLY Examiner: To be assigned
SIGNAL ATTENUATION DETECTION AND
PROCESSING
PRELIMINARY AMENDMENT
EFS Web
Commissioner for Patents
INTRODUCTORY COMMENTS
Prior to examination on the merits, please see the following:
Amendments to the Claims beginning on page 2 of this paper; and
Remarks beginning on page 7 of this paper.
DEXCOM

EXHIBIT 1202

Page 1 of 320


cf
Text Box
DEXCOM 
EXHIBIT 1202


Application No. To be assigned Docket No.: A0130.0090.C7
9368USC7

AMENDMENTS TO THE CLAIMS

This listing of claims replaces all previous versions of the claims in the application.

1-22. (Canceled)

23. (New) A glucose monitoring system, comprising:
(1) an on body unit configured to be positioned on a user’s body, the on body unit
comprising:

a glucose sensor, a portion of which is configured to be positioned under skin of the
user, wherein the glucose sensor is configured to sample a biological fluid of the user and
provide glucose related sensor data; and

a data processing and transmitter unit coupled with the glucose sensor, wherein the
data processing and transmitter unit is configured to:

receive the glucose related sensor data from the glucose sensor;

process the glucose related sensor data to provide processed sensor data;

store, in memory of the data processing and transmitter unit during a time
period associated with a failure mode condition, the glucose related sensor data, the
processed sensor data, or both; and

transmit the processed sensor data over a Bluetooth wireless communication
link; and

(2) areceiver unit, comprising:

a radio frequency receiver and an antenna configured to receive the processed sensor
data transmitted by the data processing and transmitter unit over the Bluetooth wireless
communication link;

a display configured to display numerical values and graphical representations of the
processed sensor data; and

a processor coupled with memory of the receiver unit, wherein instructions stored in
the memory of the receiver unit, when executed by the processor, cause the processor to:

detect the presence of the data processing and transmitter unit when the data

processing and transmitter unit is within a range of the receiver unit,
-2-
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establish the Bluetooth wireless communication link with the data processing
and transmitter unit,
output a first graphical representation of the processed sensor data to the
display of the receiver unit, wherein the first graphical representation comprises a
first line graph, and wherein an end of the first line graph correlates with a time
associated with a start of the failure mode condition, and
output a second graphical representation of the processed sensor data to the
display of the receiver unit after the failure mode condition has been corrected,
wherein the second graphical representation comprises a second line graph having a

length greater than the first line graph.

24, (New) The glucose monitoring system of claim 23, wherein the first line graph
comprises processed sensor data received before the start of the failure mode condition, and
wherein the second line graph comprises processed sensor data received before and after the

start of the failure mode condition.

25.  (New) The glucose monitoring system of claim 24, wherein the first line graph is
outputted to the display of the receiver unit during a first time period, and wherein the second line
graph is outputted to the display of the receiver unit during a second time period occurring after the

first time period.

26. (New) The glucose monitoring system of claim 25, wherein the first line graph and
the second line graph are outputted to a same graph comprising a first axis having a time unit of

measurement and a second axis having a glucose concentration unit of measurement.

27.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a sensor communication error.

28.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a signal error associated with the glucose sensor.

-3-
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29.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a signal error associated with the data processing and transmitter unit.

30.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a signal error associated with the receiver unit.

31 (New) The glucose monitoring system of claim 23, wherein the failure mode
condition comprises a system malfunction associated with the data processing and transmitter unit

or a system malfunction associated with the receiver unit.

32.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a sensor dislodgement.
33.  (New) The glucose monitoring system of claim 23, wherein the failure mode
condition comprises an inability of the receiver unit to display or output the graphical

representations of the processed sensor data to the display.

34.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises an inability to calibrate the glucose sensor.

35. (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a sensor instability condition.

36.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a calibration failure condition.

37.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a monitoring system failure condition.
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38.  (New) The glucose monitoring system of claim 23, wherein the glucose sensor

comprises a working electrode and a counter electrode.

39.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a sensor misposition error.

40.  (New) The glucose monitoring system of claim 23, wherein the on body unit further
comprises a temperature sensor, and wherein the failure mode condition comprises a temperature

measurement outside a predetermined range.

41.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises an analyte level exceeding a predetermined threshold.

42, (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a rate of change of an analyte level exceeding a predetermined threshold.

43.  (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a signal error associated with reference data.

44, (New) The glucose monitoring system of claim 23, wherein the failure mode

condition comprises a data unavailability condition.

45.  (New) The glucose monitoring system of claim 23, wherein the instructions stored
in the memory of the receiver unit, when executed by the processor, further cause the processor to

display the second line graph immediately after the correction of the failure mode condition.

46.  (New) The glucose monitoring system of claim 23, wherein the instructions stored
in the memory of the receiver unit, when executed by the processor, further cause the processor to
wait a predetermined period of time after the correction of the failure mode condition before

displaying the second line graph.
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47. (New) The glucose monitoring system of claim 23, wherein the data processing and
transmitter unit, the receiver unit, or both is further configured to store time information associated

with the failure mode condition.
48.  (New) The glucose monitoring system of claim 23, wherein the on body unit
comprises a single integrated housing, and wherein the data processing and transmitter unit and at

least a portion of the glucose sensor are disposed within the single integrated housing.

49.  (New) The glucose monitoring system of claim 23, wherein the receiver unit

comprises a mobile phone.

50.  (New) The glucose monitoring system of claim 23, wherein the time period

associated with the failure mode condition comprises at least one hour.

51. (New) The glucose monitoring system of claim 23, wherein the first line graph is

non-continuous before the failure mode has been corrected.

52. (New) The glucose monitoring system of claim 23, wherein the second line graph is

continuous after the failure mode has been corrected.
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REMARKS

Claims 23-52 are pending and claims 1-22 have been canceled without prejudice. Support for
the new claims can be found, for example, at paragraphs [0030] to [0033] and [0052] to [0086], as
well as Figures 4 to 6, 7A, and 7B, the original claims, and elsewhere throughout the application as
filed. No new matter has been introduced. Examination of these new claims are respectfully

requested.

All citations to claim support are purely for the benefit of the Examiner. It is stressed that the
citations are only examples and in no way constitute an exhaustive recitation of all written and
depicted support for the claims. Additional support can be found elsewhere, including citations from
both the specification and figures that are not stated, as well as the knowledge of those of ordinary
skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject
matter which is cited herein and in no way define the inventive subject matter as being only that which

is cited herein.

Cancelation of the claims is made without prejudice and solely to advance prosecution of this
application and are not intended as a disavowal of any subject matter. Accordingly, by this response,

Applicants do not concede that previously pending claims are not patentable.

The right is reserved to pursue claims to any subject matter supported by the disclosure of this
application in one or more continuation and/or divisional applications at a later time, including the
subject matter of any previously pending claims regardless of whether those claims were amended or
cancelled herein. This may entail the pursuit of broader and/or narrower claims, and/or subject matter

that was previously relinquished by virtue of argument or amendment.
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It is respectfully submitted that all claims are in allowable form. Inthe event that the Examiner
deems that a discussion would be helpful in advancing prosecution, the Examiner is invited to call the
undersigned at (949) 432-9993. The USPTO is hereby authorized to charge any outstanding fees to
Deposit Account No. 50-5201.

Dated: August 25, 2021 Respectfully submitted,

Electronic signature: /Glen Liu/
Glen Liu

Registration No.: 75,058
ONE LLP
4000 MacArthur Blvd.
East Tower, Suite 500
Newport Beach, CA 92660
Attorney for Applicant
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METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION
AND PROCESSING

RELATED APPLICATIONS
[0001] The present application is a continuation of U.S. Patent Application No. 17/245,719, filed
April 30, 2021, which is a continuation of U.S. Patent Application No. 16/228,910, filed
December 21, 2018, now U.S. Patent No. 11,013,431, which is a continuation of U.S. Patent
Application No. 15/061,774, filed March 4, 2016, now U.S. Patent No. 10,194,844, which is a
continuation of U.S. Patent Application No. 13/925,694, filed June 24, 2013, now U.S. Patent
No. 9,310,230, which is a continuation of U.S. Patent Application No. 12/769,635, filed April
28,2010, now U.S. Patent No. 8,483,967, which claims the benefit of U.S. Provisional Patent
Application No. 61/173,600, filed April 29, 2009, the disclosures of all of which are incorporated

herein by reference in their entireties for all purposes.

BACKGROUND

[0002] Analyte, e.g., glucose monitoring systems including continuous and discrete monitoring
systems generally include a small, lightweight battery powered and microprocessor controlled
system which is configured to detect signals proportional to the corresponding measured glucose
levels using an electrometer. RF signals may be used to transmit the collected data. One aspect of
certain analyte monitoring systems includes a transcutaneous or subcutaneous analyte sensor
configuration which is, for example, at least partially positioned through the skin layer of a
subject whose analyte level is to be monitored. The sensor may use a two or three-electrode
(work, reference and counter electrodes) configuration driven by a controlled potential
(potentiostat) analog circuit connected through a contact system.

[0003] An analyte sensor may be configured so that a portion thereof is placed under the skin of
the patient so as to contact analyte of the patient, and another portion or segment of the analyte
sensor may be in communication with the transmitter unit. The transmitter unit may be
configured to transmit the analyte levels detected by the sensor over a wireless communication
link such as an RF (radio frequency) communication link to a receiver/monitor unit. The
receiver/monitor unit may perform data analysis, among other functions, on the received analyte

levels to generate information pertaining to the monitored analyte levels.
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SUMMARY
[0004] Devices and methods for analyte monitoring, e.g., glucose monitoring, and/or therapy
management system including, for example, medication infusion devices are provided.
Embodiments include transmitting information from a first location to a second, e.g., using a
telemetry system such as RF telemetry. Systems herein include continuous analyte monitoring
systems, discrete analyte monitoring system, and therapy management systems.
[0005] Embodiments include receiving sensor data from an analyte sensor of a sensor
monitoring system, processing the received sensor data with time corresponding calibration data,
outputting the processed sensor data, detecting one or more adverse conditions associated with
the sensor monitoring system, disabling the output of the sensor data during a adverse condition
time period, determining that the one or more detected adverse conditions is no longer present in
the sensor monitoring system, retrieving the sensor data during the adverse condition time
period, processing the retrieved sensor data during the adverse condition time period, and
outputting the processed retrieved sensor data.
[0006] Embodiments include detecting a condition unsuitable for calibration of an analyte sensor
for a predetermined time period, disabling output of information associated with the analyte
sensor, determining a successful calibration of the analyte sensor, retrieving one or more
parameters associated with the successful calibration, processing sensor data during the time
period of disabled output of information with the one or more parameters associated with the
successful calibration, and displaying the processed sensor data for the time period of disabled
information output.
[0007] Embodiments include an interface configured to receive sensor data, a first memory
configured to store the received sensor data, a processor coupled to the memory and configured
to process the stored sensor data, a second memory coupled to the processor and configured to
store the processed sensor data, and a display unit coupled to the second memory and configured
to display the processed sensor data, where the processor is further configured to detect a
condition unsuitable for calibration of a sensor for a predetermined time period, disable display
of processed sensor data, determine a successful calibration of the sensor, retrieve one or more
parameters associated with the successful calibration, process the sensor data during the time

period of disabled display of sensor data with the one or more parameters associated with the
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successful calibration, and display the processed sensor data for the time period of disabled
information output.

[0008] These and other objects, features and advantages of the present disclosure will become
more fully apparent from the following detailed description of the embodiments, the appended

claims and the accompanying drawings.

INCORPORATION BY REFERENCE

[0009] The following patents, applications and/or publications are incorporated herein by
reference for all purposes: U.S. Patent Nos. 4,545,382; 4,711,245, 5,262,035, 5,262,305;
5.264,104; 5,320,715; 5,509,410; 5,543,326: 5,593,852: 5,601,435 5,628,890: 5,820,551;
5,822,715 5,899,855: 5,918,603: 6,071,391; 6,103,033: 6,120,676 6,121,009: 6,134,461;
6,143,164: 6,144,837; 6,161,095; 6,175,752: 6,270,455: 6,284 478: 6,299.757; 6,338,790;
6,377,894: 6,461,496; 6,503,381; 6,514,460: 6,514,718: 6,540,891 6,560,471: 6,579,690;
6,591,125: 6,592,745; 6,600,997; 6,605,200: 6,605,201: 6,616,819; 6,618,934: 6,650,471;
6,654,625: 6,676,816; 6,730,200; 6,736,957 6,746,582 6,749,740; 6,764,581: 6,773,671;
6,881,551; 6,893,545; 6,932,892 6,932,894; 6,942,518 7,167,818; and 7,299,082; U.S.
Published Application Nos. 2004/0186365; 2005/0182306; 2007/0056858; 2007/0068807,;
2007/0227911; 2007/0233013; 2008/0081977; 2008/0161666; and 2009/0054748; U.S. Patent
Application Nos. 11/831,866; 11/831,881; 11/831,895; 12/102,839; 12/102,844; 12/102,847,
12/102,855; 12/102,856: 12/152,636; 12/152,648; 12/152,650; 12/152,652; 12/152,657;
12/152,662; 12/152,670; 12/152,673; 12/363,712; 12/131,012; 12/242,823; 12/363,712;
12/393,921; 12/495,709; 12/698,124: 12/699,653; 12/699,844; 12/714,439; 12/761,372; and
12/761,387 and U.S. Provisional Application Nos. 61/230,686 and 61/227,967.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates a block diagram of a data monitoring and management system for
practicing one or more embodiments of the present disclosure;

[0011] FIG. 2 is a block diagram of the transmitter unit of the data monitoring and management
system shown in FIG. 1 in accordance with one embodiment of the present disclosure;

[0012] FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and
management system shown in FIG. 1 in accordance with one embodiment of the present

disclosure;
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[0013] FIG. 4 illustrates analyte sensor data processing in accordance with one embodiment of
the present disclosure;

[0014] FIG. 5 illustrates analyte sensor data processing in accordance with one embodiment of
the present disclosure;

[0015] FIG. 6 illustrates backfilling gaps in sensor data in one embodiment of the present
disclosure; and

[0016] FIGS. 7A and 7B illustrate backfill of gaps of a period of uncalibrated sensor data in one

embodiment.

DETAILED DESCRIPTION

[0017] Before the present disclosure is described in additional detail, it is to be understood that
this disclosure is not limited to particular embodiments described, as such may, of course, vary.
It is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present
disclosure will be limited only by the appended claims.

[0018] Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated range,
is encompassed within the disclosure. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges is also encompassed within the disclosure,
subject to any specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also included in
the disclosure.

[0019] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein can
also be used in the practice or testing of the present disclosure, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

[0020] It must be noted that as used herein and in the appended claims, the singular forms “a”,

“an”, and “the” include plural referents unless the context clearly dictates otherwise.
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[0021] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that the
present disclosure is not entitled to antedate such publication by virtue of prior disclosure.
Further, the dates of publication provided may be different from the actual publication dates
which may need to be independently confirmed.

[0022] As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present disclosure.

[0023] The figures shown herein are not necessarily drawn to scale, with some components and
features being exaggerated for clarity.

[0024] As described in further detail below, in accordance with the various embodiments of the
present disclosure, there is provided a method and system for positioning a controller unit within
a transmission range for close proximity communication, transmitting one or more predefined
close proximity commands, and receiving a response packet in response to the transmitted one or
more predefined close proximity commands. For example, in one aspect, close proximity
communication includes short range wireless communication between communication
components or devices, where the communication range is limited to about 10 inches or less,
about 5 inches or less, or about 2 inches or less, or other suitable, short range or distance between
the devices. The close proximity wireless communication in certain embodiments includes a bi-
directional communication where a command sending communication device, when positioned
within the short communication range or in close proximity to the command receiving
communication device, is configured to transmit one or more commands to the command
receiving communication device (for example, when a user activates or actuates a transmit
command button or switch). In response, the command receiving communication device may be
configured to perform one or more routines associated with the received command, and/or return
or send back a response data packet or signal to the command sending communication device.
Example of such functions and or commands may include, but not limited to activation of certain
functions or routines such as analyte related data processing, and the like.

[0025] 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
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disclosure. The subject invention is further described primarily with respect to a glucose
monitoring system for convenience and such description is in no way intended to limit the scope
of the invention. It is to be understood that the analyte monitoring system may be configured to
monitor a variety of analytes, e.g., lactate, and the like.

[0026] 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, 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.
More than one analyte may be monitored by a single system, e.g., a single analyte sensor.
[0027] The analyte monitoring system 100 includes a sensor unit 101, a data processing and
transmitter unit 102 coupleable to the sensor unit 101, and a primary receiver unit 104 which is
configured to communicate with the data processing and transmitter unit 102 via a bi-directional
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 105 in one embodiment may be configured to
receive data directly from the data processing and transmitter unit 102 via a communication link
which may optionally be configured for bi-directional communication. Accordingly, data
processing and transmitter unit 102 and/or receiver unit 104 may include a transceiver.

[0028] Also shown in FIG. 1 is an optional secondary receiver unit 106 which is operatively
coupled to the communication link and configured to receive data transmitted from the data
processing and transmitter unit 102. Moreover, as shown in the Figure, the secondary receiver
unit 106 is 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 or one of the primary receiver unit 104 and the
data processing terminal 105. As discussed in further detail below, in one embodiment of the
present disclosure, the secondary receiver unit 106 may be configured to include a limited
number of functions and features as compared with the primary receiver unit 104. As such, the
secondary receiver unit 106 may be configured substantially in a smaller compact housing or

embodied in a device such as a wrist watch, pager, mobile phone, PDA, for example.

Page 31 of 320



Docket No. A0130.0090.C7
9368USC7

Alternatively, the secondary receiver unit 106 may be configured with the same or substantially
similar functionality as the primary receiver unit 104. The receiver unit may be configured to be
used in conjunction with a docking cradle unit, for example for one or more of the following or
other functions: placement by bedside, for re-charging, for data management, for night time
monitoring, and/or bi-directional communication device.

[0029] In one aspect sensor unit 101 may include two or more sensors, each configured to
communicate with data processing and transmitter unit 102. Furthermore, while only one, data
processing and transmitter unit 102, communication link 103, and data processing terminal 105
are shown in the embodiment of the analyte monitoring system 100 illustrated in FIG. 1.
However, it will be appreciated by one of ordinary skill in the art that the analyte monitoring
system 100 may include one or more sensors, multiple transmitter units 102, communication
links 103, and data processing terminals 105. Moreover, within the scope of the present
disclosure, the analyte monitoring system 100 may be a continuous monitoring system, or semi-
continuous, or a discrete monitoring system. In a multi-component environment, each device is
configured to be uniquely identified by each of the other devices in the system so that
communication conflict is readily resolved between the various components within the analyte
monitoring system 100.

[0030] In one embodiment of the present disclosure, the sensor unit 101 is physically positioned
in or on the body of a user whose analyte level is being monitored. The sensor unit 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 data processing and transmitter unit
102. In certain embodiments, the data processing and transmitter unit 102 may be physically
coupled to the sensor unit 101 so that both devices are integrated in a single housing and
positioned on the user's body. The data processing and transmitter unit 102 may perform data
processing such as filtering and encoding on data signals and/or other functions, each of which
corresponds to a sampled analyte level of the user, and in any event data processing and
transmitter unit 102 transmits analyte information to the primary receiver unit 104 via the
communication link 103. Examples of such integrated sensor and transmitter units can be found
in, among others, U.S. Patent Application No. 12/698,124, incorporated herein by reference.
[0031] In one embodiment, the analyte monitoring system 100 is configured as a one-way RF

communication path from the data processing and transmitter unit 102 to the primary receiver
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unit 104. In such embodiment, the data processing and transmitter unit 102 transmits the sampled
data signals received from the sensor unit 101 without acknowledgement from the primary
receiver unit 104 that the transmitted sampled data signals have been received. For example, the
data processing and transmitter unit 102 may be configured to transmit the encoded sampled data
signals at a fixed rate (e.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 data processing and transmitter unit 102 and the primary receiver
unit 104,

[0032] Additionally, in one aspect, the primary receiver unit 104 may include two sections. The
first section is an analog interface section that is configured to communicate with the data
processing and transmitter unit 102 via the communication link 103. In one embodiment, the
analog interface section may include an RF receiver and an antenna for receiving and amplifying
the data signals from the data processing and transmitter unit 102, which are thereafter,
demodulated with a local oscillator and filtered through a band-pass filter. The second section of
the primary receiver unit 104 is a data processing section which is configured to process the data
signals received from the data processing and transmitter unit 102 such as by performing data
decoding, error detection and correction, data clock generation, and data bit recovery.

[0033] In operation, upon completing the power-on procedure, the primary receiver unit 104 is
configured to detect the presence of the data processing and transmitter unit 102 within its range
based on, for example, the strength of the detected data signals received from the data processing
and transmitter unit 102 and/or a predetermined transmitter identification information. Upon
successful synchronization with the corresponding data processing and transmitter unit 102, the
primary receiver unit 104 is configured to begin receiving from the data processing and
transmitter unit 102 data signals corresponding to the user's detected analyte level. More
specifically, the primary receiver unit 104 in one embodiment is configured to perform
synchronized time hopping with the corresponding synchronized data processing and transmitter
unit 102 via the communication link 103 to obtain the user's detected analyte level.

[0034] 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 (e.g., personal digital
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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 connected to a data network (not shown) for storing, retrieving and updating data
corresponding to the detected analyte level of the user.

[0035] Within the scope of the present disclosure, the data processing terminal 105 may include
an infusion device such as an insulin infusion pump (external or implantable) or the like, which
may be configured to administer insulin to patients, and which may be configured to
communicate with the receiver unit 104 for receiving, among others, the measured analyte level.
Alternatively, the receiver unit 104 may be configured to integrate or otherwise couple to an
infusion device therein so that the receiver unit 104 is configured to administer insulin therapy to
patients, for example, for 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 data processing and transmitter unit 102.

[0036] Additionally, the data processing and transmitter unit 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 data processing and transmitter unit 102, the primary
receiver unit 104 and the data processing terminal 105 may be configured to communicate (that
is, transmit data to and receive data from) with each other via the wireless communication link
103. More specifically, the data processing terminal 105 may in one embodiment be configured
to receive data directly from the data processing and transmitter unit 102 via the communication
link 103, where the communication link 103, as described above, may be configured for bi-
directional communication.

[0037] In this embodiment, the data processing terminal 105 which may include an insulin pump,
may be configured to receive the analyte signals from the data processing and transmitter unit
102, and thus, incorporate the functions of the receiver 104 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 infrared
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.
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[0038] FIG. 2 is a block diagram of the transmitter of the data monitoring and detection system
shown in FIG. 1 in accordance with one embodiment of the present disclosure. Referring to the
Figure, the data processing and transmitter unit 102 in one embodiment includes an analog
interface 201 configured to communicate with the sensor unit 101 (FIG. 1), a user input 202, and
a temperature measurement section 203, each of which is operatively coupled to a transmitter
processor 204 such as a central processing unit (CPU). As can be seen from FIG. 2, there are
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 data processing and transmitter unit 102 for connection to the sensor
unit 101 (FIG. 1). In one embodiment, each of the work electrode (W) 210, guard contact (G)
211, reference electrode (R) 212, and counter electrode (C) 213 may be made using a conductive
material that is either printed or etched or ablated, for example, such as carbon which may be
printed, or a metal such as a metal foil (e.g., gold) or the like, which may be etched or ablated or
otherwise processed to provide one or more electrodes. Fewer or greater electrodes and/or
contact may be provided in certain embodiments.

[0039] Further shown in FIG. 2 are a transmitter serial communication section 205 and an RF
transmitter 206, each of which is also operatively coupled to the transmitter processor 204.
Moreover, a power supply 207 such as a battery is also provided in the data processing and
transmitter unit 102 to provide the necessary power for the data processing and transmitter unit
102. In certain embodiments, the power supply 207 also provides the power necessary to power
the sensor 101. In other embodiments, the sensor is a self-powered sensor, such as the sensor
described in U.S. Patent Application No. 12/393,921, incorporated herein by reference.
Additionally, as can be seen from the Figure, clock 208 is provided to, among others, supply real
time information to the transmitter processor 204.

[0040] In one embodiment, a unidirectional input path is established from the sensor unit 101
(FIG. 1) and/or manufacturing and testing equipment to the analog interface 201 of the data
processing and transmitter unit 102, while a unidirectional output is established from the output
of the RF transmitter 206 of the data processing and transmitter unit 102 for transmission to the
primary receiver unit 104. In this manner, a data path is shown in FIG. 2 between the
aforementioned unidirectional input and output via a dedicated link 209 from the analog

interface 201 to serial communication section 205, thereafter to the processor 204, and then to
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the RF transmitter 206. As such, in one embodiment, via the data path described above, the data
processing and transmitter unit 102 is 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 unit 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 data processing and transmitter unit 102 for operation upon completion of
the manufacturing process as well as for direct communication for diagnostic and testing
purposes.

[0041] As discussed above, the transmitter processor 204 is configured to transmit control
signals to the various sections of the data processing and transmitter unit 102 during the
operation of the data processing and transmitter unit 102. In one embodiment, the transmitter
processor 204 also includes a memory (not shown) for storing data such as the identification
information for the data processing and transmitter unit 102, as well as the data signals received
from the sensor unit 101. The stored information may be retrieved and processed for
transmission to the primary receiver unit 104 under the control of the transmitter processor 204.
Furthermore, the power supply 207 may include a commercially available battery, which may be
a rechargeable battery.

[0042] In certain embodiments, the data processing and transmitter unit 102 is also configured
such that the power supply section 207 is capable of providing power to the transmitter for a
minimum of about three months of continuous operation, e.g., after having been stored for about
eighteen months such as stored in 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 1 pA of current. Indeed, in
one embodiment, a step during the manufacturing process of the data processing and transmitter
unit 102 may place the data processing and transmitter unit 102 in the lower power, non-
operating state (i.e., post-manufacture sleep mode). In this manner, the shelf life of the data
processing and transmitter unit 102 may be significantly improved. Moreover, as shown in FIG.
2, while the power supply unit 207 is shown as coupled to the processor 204, and as such, the
processor 204 is configured to provide control of the power supply unit 207, it should be noted

that within the scope of the present disclosure, the power supply unit 207 is configured to
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provide the necessary power to each of the components of the data processing and transmitter
unit 102 shown in FIG. 2.

[0043] Referring back to FIG. 2, the power supply section 207 of the data processing and
transmitter unit 102 in one embodiment may include a rechargeable battery unit that may be
recharged by a separate power supply recharging unit (for example, provided in the receiver unit
104) so that the data processing and transmitter unit 102 may be powered for a longer period of
usage time. Moreover, in one embodiment, the data processing and transmitter unit 102 may be
configured without a battery in the power supply section 207, in which case the data processing
and 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.

[0044] Referring yet again to FIG. 2, the temperature measurement section 203 of the data
processing and transmitter unit 102 is configured to monitor the temperature of the skin near the
sensor insertion site. The temperature reading is used to adjust the analyte readings obtained
from the analog interface 201. In certain embodiments, the RF transmitter 206 of the transmitter
unit 102 may be configured for operation in the frequency band of approximately 315 MHz to
approximately 322 MHz, for example, in the United States. In certain embodiments, the RF
transmitter 206 of the transmitter unit 102 may be configured for operation in the frequency band
of approximately 400 MHz to approximately 470 MHz. Further, in one embodiment, the RF
transmitter 206 is configured to modulate the carrier frequency by performing Frequency Shift
Keying and Manchester encoding. In one embodiment, the data transmission rate is about 19,200
symbols per second, with a minimum transmission range for communication with the primary
receiver unit 104,

[0045] Referring yet again to FIG. 2, also shown is 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 in accordance with one embodiment
of the present disclosure may be configured to detect leakage current in the sensor unit 101 to
determine whether the measured sensor data are corrupt or whether the measured data from the
sensor 101 is accurate. Exemplary analyte systems that may be employed are described in, for
example, U.S. Patent Nos. 6,134,461, 6,175,752, 6,121,611, 6,560,471, 6,746,582, and

elsewhere, the disclosure of each of which are incorporated by reference for all purposes.
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[0046] FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and
management system shown in FIG. 1 in accordance with one embodiment of the present
disclosure. Referring to FIG. 3, the primary receiver unit 104 includes an analyte test strip, e.g.,
blood glucose test strip, interface 301, an RF receiver 302, an input 303, a temperature monitor
section 304, and a clock 305, each of which is operatively 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 is also coupled to the receiver processor 307.
Moreover, also shown are a receiver serial communication section 309, and an output 310, each
operatively coupled to the receiver processor 307.

[0047] In one embodiment, the test strip interface 301 includes a glucose level testing portion to
receive a manual insertion 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 may be used to calibrate the sensor unit 101 or otherwise. The RF receiver 302 is
configured to communicate, via the communication link 103 (FIG. 1) with the RF transmitter
206 of the transmitter unit 102, to receive encoded data signals from the transmitter unit 102 for,
among others, signal mixing, demodulation, and other data processing. The input 303 of the
primary receiver unit 104 is configured to allow the user to enter information into the primary
receiver 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
monitor section 304 is configured to provide temperature information of the primary receiver
unit 104 to the receiver processor 307, while the clock 305 provides, among others, real time
information to the receiver processor 307.

[0048] Each of the various components of the primary receiver unit 104 shown in FIG. 3 is
powered by the power supply 306 which, in one embodiment, includes a battery. Furthermore,
the power conversion and monitoring section 308 is configured to monitor the power usage by
the various components in the primary receiver unit 104 for effective power management and to
alert the user, for example, in the event of power usage which renders the primary receiver 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
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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.

[0049] The serial communication section 309 in the primary receiver unit 104 is configured to
provide a bi-directional communication path from the testing and/or manufacturing equipment
for, among others, initialization, 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 is configured to provide, among others, a graphical user interface (GUI) 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 in handheld electronic devices, such as mobile telephones presently available.
In a 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.

[0050] 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 in the primary receiver unit 104, operatively coupled to the
processor 307. The processor 307 may be configured to synchronize with a transmitter, e.g.,
using Manchester decoding or the like, as well as error detection and correction upon the
encoded data signals received from the transmitter unit 102 via the communication link 103.
[0051] Periodic calibration of the sensor unit 101 (FIG. 1) of an analyte monitoring system 100,
in some embodiments, may be required for accurate calculation of a user's analyte level.
Calibration, in some aspects, is used to ensure the analyte related data signals received at a
transmitter unit 102 (and further transmitted to a receiver unit, such as the primary receiver unit
104) are correctly converted to corresponding analyte levels. Exemplary calibration protocols,
routines and techniques are described, for example, in U.S. Patent No. 7,299,082, U.S. Patent
Application No. 11/537,991 filed October 2, 2006, U.S. Patent Application No. 12/363,706 filed
January 30, 2009, and in U.S. Patent Application No. 12/363,712 filed January 30, 2009, the

disclosures of each of which are herein incorporated by reference for all purposes.
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[0052] There are time periods where the sensor characteristics or the user’s physiological
condition renders the condition unsuitable for a sensor calibration event. For example, the sensor
may be configured for periodic calibration, such as, after 2 hours after insertion, 10 hours after
insertion, 12 hours after insertion, 24 hours after insertion, 48 hours after insertion, or 72 hours
after insertion, or one or more combinations thereof. If a predetermined calibration event is
triggered but a successful calibration does not result, after a certain time period (for example, a
predetermined grace period during which to calibrate), the receiver unit may no longer display
the monitored and processed glucose information.

[0053] Other conditions may also result in rendering the condition unsuitable for sensor
calibration including, but not limited to, detection of a failure mode of a sensor, sensor data
values being outside a predetermined range, rate of change of sensor data values being above a
predetermined threshold, a temperature measurement outside a predetermined range, or any
combination thereof.

[0054] FIG. 4 illustrates analyte sensor data processing in accordance with one embodiment of
the present disclosure. Referring to FIG. 4, a transmitter unit 102 (FIG. 1) in operational contact
with a sensor 101 receives analyte related sensor data (410) corresponding to a measured level of
a biological fluid of the user. For example, the sensor 101 (FIG. 1) may be an analyte sensor
configured to detect and measure the concentration of an analyte in a biological fluid, such as the
blood of a user. Upon receipt of the analyte related sensor data, the transmitter unit 102 further
transmits the analyte related sensor data to a receiver unit, such as primary receiver unit 104
(FIG. 1). It is to be noted that the reference to analyte related sensor data herein and throughout
specification includes, for example, current signal received from the analyte sensor, as well as
the current signal which has undergone predetermined data processing routines including, for
example, filtering, clipping, digitizing, and/or encoding, and/or any other further processing
and/or conditioning. In one aspect, the primary receiver unit 104 determines whether the sensor
is calibrated and is in acceptable condition for further data processing (420). When sensor related
conditions are unsuitable for calibration, the analyte related sensor data is stored (450) in a
memory, for example, in the primary receiver unit 104.

[0055] Referring still to FIG. 4, if the sensor data is calibrated and in condition for further data
processing, the sensor data is further processed (430) and output for display (440) to a user on a

display unit 310 (FIG. 3) of the primary receiver unit 104. In one embodiment, the display of the
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processed sensor data comprises a graphical representation of the processed sensor data. In other
embodiments, the processed sensor data may be displayed as numerical values, visual indicators,
auditory outputs, or combinations thereof. In one aspect, the processing routine described in
conjunction with FIG. 4 is performed or executed in, for example, the transmitter unit 102, the
secondary receiver unit 106 (FIG. 1), or the data processing terminal 105 (FIG. 1) of the analyte
monitoring system 100 (FIG. 1) based on analyte data received from the sensor 101.

[0056] FIG. 5 illustrates analyte sensor data processing in accordance with one embodiment of
the present disclosure. Referring to FIG. 5, in one embodiment, transmitter unit 102 (FIG. 1)
receives analyte related sensor data (510) from a sensor 101 (FIG. 1). Upon receipt of the analyte
related sensor data, the transmitter unit 102 transmits the analyte related sensor data (or
processed, digitized, and/or filtered signals) to the primary receiver unit 104 (FIG. 1). The
primary receiver unit 104 is configured to determine if calibration of the sensor data is suitable--
that 1s, whether the conditions necessary for sensor calibration are met (520).

[0057] Still referring to FIG. 5, if it is determined that the sensor 101 is not calibrated or
calibration condition for calibrating the sensor 101 is not met, in one aspect, the primary receiver
unit stores the analyte related sensor data in a memory (550) and temporarily disables display of
the sensor data (560) to the user (for example, if a calibration event has not occurred and the
calibration grace period has expired). On the other hand, if the sensor 101 is calibrated, the
sensor data is processed (530) by the primary receiver unit 104 and the processed sensor data is
output to the user (540), for example via a display unit 310 (FIG. 3) of the primary receiver unit
104. In one aspect, the processing routine described in conjunction with FIG. 5 is performed or
executed in, for example, the transmitter unit 102, the secondary receiver unit 106, or the data
processing terminal 105 of the analyte monitoring system 100 based on analyte data received
from the sensor 101 (FIG. 1).

[0058] In one aspect, the display or output of processed sensor data may be disabled if a required
calibration event is unsuccessful over a permitted time period (for example, including a
predetermined grace period measured from the scheduled calibration). Thereafter, upon
successful calibration, the system resumes display of the processed and calibrated analyte sensor
data. However, there may be a time period or a gap in the output display during which the
necessary calibration did not occur in a timely manner. For example, as shown in FIG. 7A, if

sensor data is displayed as a graphical display, during time periods where the analyte monitoring
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system 100 was not properly calibrated, analyte related sensor data was not processed and/or
displayed, resulting in a gap in the graphical display.

[0059] FIG. 6 illustrates backfilling gaps in sensor data in one embodiment of the present
disclosure. Referring to FIG. 6, when a scheduled calibration event fails and the associated grace
period for calibration does not occur, the output display of the processed, calibrated sensor data
is disabled (610). Referring to FIG. 6, once the system recovers after a successful calibration
event, the calibrated sensor data is once again displayed (and stored). Furthermore, in one aspect,
based on the parameters associated with the successful calibration, the previously unprocessed
data during the display time out period may be retrieved (for example, the previously stored
analyte related sensor signals during this period) and processed using calibration data, such as a
sensitivity ratio for conversion of analyte related sensor data to analyte levels. For example, in
one aspect, the subset of analyte related sensor data that were previously unprocessed or
uncalibrated due to unsuccessful contemporaneous calibration may be processed using, for
example, calibration data such as the sensitivity ratio determined from the most recent successful
calibration event, and thereafter, the gap in output display illustrating the processed and
calibrated signals may be filled.

[0060] In one aspect, once successful calibration of the sensor data occurs, the calibration
parameters from this calibration event may be used to process the sensor data during the period
of disabled output or display (620). Upon successful processing of the sensor data during the
period of disabled output, the processed sensor data during this time period is backfilled, or the
gap in the processed continuous sensor data are filled in the display (630). By way of an
example, FIGS. 7A and 7B illustrate the replacement of a period of unprocessed sensor data with
corresponding backfilled processed sensor data, in one embodiment.

[0061] In one embodiment, the backfilled processed sensor data is displayed immediately upon
calculation. In another embodiment, the backfilled processed sensor data is not displayed
immediately, but rather, after waiting a predetermined period of time. The backfilled processed
sensor data may not be displayed immediately to avoid possible unnecessary or incorrect action
by a user in response to the backfilled processed sensor data. In this manner, in one aspect, the
user or a healthcare provider may be provided with a continuous set of analyte data from the
analyte monitoring system without any gaps in the processed signals for further analysis and/or

therapy management.
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[0062] In this manner, in accordance with the embodiments of the present disclosure, gaps in
monitored analyte levels using an analyte monitoring system due to, for example, inability to
promptly calibrate the sensor, system malfunction, sensor dislodging, signal errors associated
with the sensor, transmitter unit, receiver unit, and the like, or any other variables or parameters
that result in the inability of the analyte monitoring system to display or output the real-time
monitored analyte level, may be retrospectively filled or reprocessed so that the data gap is
closed and the continuously monitored analyte level does not have any or substantially missing
data. That is, in embodiments of the present disclosure, upon correction or rectification of the
condition or conditions/parameters which resulted in the analyte monitoring system disabling the
output results associated with the monitored real time analyte levels, the parameters associated
with the correction or rectification may be used to retrospectively correct or process data or
signals so that the missing gaps in analyte related data may be processed and backfilled.

[0063] In this manner, advantageously, in aspects of the present disclosure, additional robustness
may be provided to the user and/or the healthcare provider to improve therapy or health
management decisions.

[0064] In one embodiment, a method may include receiving sensor data from an analyte sensor
of a sensor monitoring system, processing the received sensor data with time corresponding
calibration data, outputting the processed sensor data, detecting one or more adverse conditions
associated with the sensor monitoring system, disabling the output of the sensor data during an
adverse condition time period, determining that the one or more detected adverse conditions is
no longer present in the sensor monitoring system, retrieving the sensor data during the adverse
condition time period, processing the retrieved sensor data during the adverse condition time
period, and outputting the processed retrieved sensor data.

[0065] In one aspect, outputting the processed sensor data may include displaying the sensor data
in one or more of a graphical, numerical, pictorial, audible, vibratory, or one or more
combinations thereof.

[0066] The one or more detected adverse conditions may include one or more of a sensor
instability condition, a calibration failure condition, or a monitoring system failure condition.
[0067] The sensor instability condition may include one or more of an early signal attenuation
condition of the sensor, sensor misposition error, sensor communication error, temperature

measurement outside a predetermined range, or a combination thereof.
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[0068] The calibration failure condition may include one or more of an analyte level exceeding a
predetermined threshold, a rate of change of analyte level exceeding a predetermined threshold, a
signal error associated with the reference data, a data unavailability condition, or a combination
thereof.

[0069] Furthermore, the method may include storing the processed sensor data with the
associated time information based on the analyte level detection time by the sensor.

[0070] In another embodiment, a method may include detecting a condition unsuitable for
calibration of an analyte sensor for a predetermined time period, disabling output of information
associated with the analyte sensor, determining a successful calibration of the analyte sensor,
retrieving one or more parameters associated with the successful calibration, processing sensor
data during the time period of disabled output of information with the one or more parameters
associated with the successful calibration, and displaying the processed sensor data for the time
period of disabled information output.

[0071] The sensor data may be analyte concentration data.

[0072] The analyte concentration data may include blood glucose concentration data.

[0073] The sensor data may be processed in substantially real-time.

[0074] The condition unsuitable for calibration may include one or more of a failure mode of a
sensor, sensor data outside a predetermined acceptable range, a rate of change of sensor data
above a predetermined level, a requirement for calibration of a sensor, a temperature
measurement outside a predetermined range, or any combination thereof.

[0075] The processed sensor data for the time period of disabled information output may be
displayed substantially immediately upon processing.

[0076] The processed sensor data for the time period of disabled information output may be
displayed only after waiting a predetermined period of time.

[0077] In another embodiment, an apparatus may include an interface configured to receive
sensor data, a first memory configured to store the received sensor data, a processor coupled to
the memory and configured to process the stored sensor data, a second memory coupled to the
processor and configured to store the processed sensor data, and a display unit coupled to the
second memory and configured to display the processed sensor data, wherein the processor is
further configured to detect a condition unsuitable for calibration of a sensor for a predetermined

time period, disable display of processed sensor data, determine a successful calibration of the
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sensor, retrieve one or more parameters associated with the successful calibration, process the
sensor data during the time period of disabled display of sensor data with the one or more
parameters associated with the successful calibration, and display the processed sensor data for
the time period of disabled information output.

[0078] The sensor may be an analyte sensor.

[0079] The analyte sensor may be a glucose sensor.

[0080] The sensor data may correspond to analyte concentration data.

[0081] The analyte concentration data may include blood glucose concentration data.

[0082] Furthermore, the apparatus may be configured to process and display the sensor data
substantially in real-time.

[0083] In one aspect, the condition unsuitable for calibration may include one or more of a
failure mode of a sensor, sensor data outside a predetermined acceptable range, a rate of change
of sensor data above a predetermined level, a requirement for calibration of a sensor, a
temperature measurement outside a predetermined range, or any combination thereof.

[0084] The display unit may be configured to display the processed sensor data for the time
period of disabled information output substantially immediately upon processing the sensor data.
[0085] The display unit may be configured to display the processed sensor data for the time
period of disabled information output only after waiting a predetermined period of time.

[0086] Various other modifications and alterations in the structure and method of operation of
this invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. It is intended that the following claims define the
scope of the present disclosure and that structures and methods within the scope of these claims

and their equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1. A method, comprising:

receiving sensor data from an analyte sensor of a sensor monitoring system;

processing the received sensor data with time corresponding calibration data;

outputting the processed sensor data;

detecting one or more adverse conditions associated with the sensor monitoring system;

disabling the output of the sensor data during an adverse condition time period;

determining that the one or more detected adverse conditions is no longer present in the
sensor monitoring system;

retrieving the sensor data during the adverse condition time period;

processing the retrieved sensor data during the adverse condition time period; and

outputting the processed retrieved sensor data.

2. The method of claim 1, wherein outputting the processed sensor data includes
displaying the sensor data in one or more of a graphical, numerical, pictorial, audible, vibratory,

or one or more combinations thereof.

3. The method of claim 1, wherein the one or more detected adverse conditions
includes one or more of a sensor instability condition, a calibration failure condition, or a

monitoring system failure condition.

4. The method of claim 3, wherein the sensor instability condition includes one or
more of an early signal attenuation condition of the sensor, sensor mis-position error, sensor
communication error, temperature measurement outside a predetermined range, or a combination

thereof.

5. The method of claim 3, wherein the calibration failure condition includes one or
more of an analyte level exceeding a predetermined threshold, a rate of change of analyte level
exceeding a predetermined threshold, a signal error associated with the reference data, a data

unavailability condition, or a combination thereof.
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6. The method of claim 1 including storing the processed sensor data with the

associated time information based on the analyte level detection time by the sensor.

7. A method, comprising:

detecting a condition unsuitable for calibration of an analyte sensor for a predetermined
time period;

disabling output of information associated with the analyte sensor;

determining a successful calibration of the analyte sensor;

retrieving one or more parameters associated with the successful calibration;

processing sensor data during the time period of disabled output of information with the
one or more parameters associated with the successful calibration; and

displaying the processed sensor data for the time period of disabled information output.

8. The method of claim 7, wherein the sensor data is analyte concentration data.

9. The method of claim 8, wherein the analyte concentration data includes blood

glucose concentration data.

10. The method of claim 7, wherein the sensor data is processed in substantially real-

time.

11. The method of claim 7, wherein the condition unsuitable for calibration includes
one or more of a failure mode of a sensor, sensor data outside a predetermined acceptable range,
a rate of change of sensor data above a predetermined level, a requirement for calibration of a

sensor, a temperature measurement outside a predetermined range, or any combination thereof.

12. The method of claim 7, wherein the processed sensor data for the time period of

disabled information output is displayed substantially immediately upon processing.

13. The method of claim 7, wherein the processed sensor data for the time period of
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disabled information output is displayed only after waiting a predetermined period of time.

14. An apparatus, comprising:
an interface configured to receive sensor data;
a first memory configured to store the received sensor data;
a processor coupled to the memory and configured to process the stored sensor data;
a second memory coupled to the processor and configured to store the processed sensor
data; and
a display unit coupled to the second memory and configured to display the processed
sensor data;
wherein the processor is further configured to:
detect a condition unsuitable for calibration of a sensor for a predetermined time
period,
disable display of processed sensor data;
determine a successful calibration of the sensor; retrieve one or more parameters
associated with the successful calibration;
process the sensor data during the time period of disabled display of sensor data
with the one or more parameters associated with the successful calibration; and

display the processed sensor data for the time period of disabled information

output.

15.  The apparatus of claim 14, wherein the sensor is an analyte sensor.

16.  The apparatus of claim 15, wherein the analyte sensor is a glucose sensor.
17.  The apparatus of claim 15, wherein the sensor data corresponds to analyte

concentration data.

18.  The apparatus of claim 17, wherein the analyte concentration data includes blood

glucose concentration data.
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19. The apparatus of claim 14 configured to process and display the sensor data
substantially in real-time.
20.  The apparatus of claim 14, wherein the condition unsuitable for calibration

includes one or more of a failure mode of a sensor, sensor data outside a predetermined
acceptable range, a rate of change of sensor data above a predetermined level, a requirement for
calibration of a sensor, a temperature measurement outside a predetermined range, or any

combination thereof.

21. The apparatus of claim 14, wherein the display unit is configured to display the
processed sensor data for the time period of disabled information output substantially

immediately upon processing the sensor data.

22. The apparatus of claim 14, wherein the display unit is configured to display the
processed sensor data for the time period of disabled information output only after waiting a

predetermined period of time.
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ABSTRACT OF THE DISCLOSURE

Provided are methods and apparatus for receiving sensor data from an analyte sensor of a
sensor monitoring system, processing the received sensor data with time corresponding
calibration data, outputting the processed sensor data, detecting one or more adverse conditions
associated with the sensor monitoring system, disabling the output of the sensor data during the
adverse condition time period, determining that the one or more detected adverse conditions is
no longer present in the sensor monitoring system, retrieving the sensor data during the adverse
condition time period, processing the retrieved sensor data during the adverse condition time

period, and outputting the processed retrieved sensor data.
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Docket Nos.: A0130.0090.C7

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Wesley Scott Harper
Application No.: To be assigned Confirmation No.: To be assigned
Filed: August 25, 2021 Art Unit: To be assigned
For: METHODS AND SYSTEMS FOR EARLY Examiner: To be assigned

SIGNAL ATTENUATION DETECTION AND

PROCESSING

INFORMATION DISCLOSURE STATEMENT (IDS)

EFS Web
Commissioner for Patents

Dear Sir:

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office is
hereby directed to the references listed on the attached PTO/SB/08. 1t is respectfully requested that
the information be expressly considered during the prosecution of this application, and that the
references be made of record therein and appear among the “References Cited” on any patent to

issue therefrom.

Timing of Filing of the Information Disclosure Statement:

X This IDS is being filed before the First Office Action.

] This IDS is being filed after the issuance of the First Office Action but before the issuance of
a Final Office Action.

[] This IDS is being filed after the issuance of a Final Office Action, Ex Parte Quayle Action

or Notice of Allowance but before the payment of the Issue Fee.
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Application No.: To be assigned Docket No.: A0130.0090.C7

Certifications:

If checked, the undersigned makes the following statement(s):
] Statement under 37 CFR § 1.97(e):

[] Each item of information contained in this information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this information disclosure

statement; or

] No item of information contained in this information disclosure statement
was cited in a communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the undersigned after making reasonable inquiry, no
item of information contained in this information disclosure statement was known to any
individual designated in § 1.56(c) more than three months prior to the filing of the

information disclosure statement.

] Statement Under 37 C.F R. § 1.704(d):

Each item of information contained in this information disclosure statement was
cited a counterpart application less than thirty days prior to the filing of this information

disclosure statement.

Fee Required by 37 C.F.R. § 1.97(c)(2) or 1.97(d)(2):

[]  If checked, the fee of $260.00 set forth in 37 C.F.R. §1.17(p).

Copies of Information:

In accordance with 37 C.F.R. §1.98(a), the following are enclosed:

X A legible copy of each document (or relevant portion thereof) cited in the attached
PTO/SB/08, except for U.S. patent and U.S. published applications.
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X With respect to any information which is not in English, a concise explanation of the
relevance, as it is presently understood by the individual designated in § 1.56(c) most

knowledgeable about the content of the information, is attached.
This concise explanation is provided by way of

X A translation of the relevant portions of the non-English language

information,;

[] A statement explaining the relevant portions of the non-English

language information;

[_] A copy [and where not in the English language, a translation] of at

least the relevant portion(s) of the communication from in which

the information was cited; or
[ ] This information is contained in the specification of the present application.

X In accordance with 37 C.F.R. 1.98(d), copies of the cited documents are not enclosed
as they were provided in application Serial Nos. 12/769,635, filed April 28, 2010, and 13/925,694,
filed June 24, 2013, which the present application relies upon for an earlier effective filing date

under 35 U.S.C. 120.

Materiality:

Whether or not the information and references disclosed in this Information Disclosure
Statement is “material” pursuant to 37 CFR 1.56, this submission is not intended to constitute an
admission that any patent, publication or other information referred to therein is “prior art” for this

invention unless specifically designated as such.

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made or that no other material information as

defined in 37 CFR 1.56(a) exists.
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It is submitted that the Information Disclosure Statement is in compliance with 37 CFR 1.98

and the Examiner is respectfully requested to consider the listed references.

Dated: August 25, 2021 Respectfully submitted,

Electronic signature: /Glen Liu/
Glen Liu

Registration No.: 75,058
ONE LLP
4000 MacArthur Boulevard
East Tower, Suite 500
(949) 432-9993
Attorney for Applicants
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5,807,375 09-15-1998 Gross, ct al.
5,875,186 02-23-1999 Belanger, et al.
5,899,855 05-04-1999 Brown
5,914,026 06-22-1999 Blubaugh, Jr., etal.
5,925,021 07-20-1999 Castellano, et al.
5,942,979 08-24-1999 Luppino
5,951,521 09-14-1999 Mastrototaro, etal.
5,957,854 09-28-1999 Besson, et al.
5,961,451 10-05-1999 Reber, et al.
5,964,993 10-12-1999 Blubaugh, Jr., etal.
5,965,380 10-12-1999 Heller, et al.
5,971,922 10-26-1999 Arita, et al.
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5,972,199 10-26-1999 Heller, et al.
5,987,353 11-16-1999 Khatchatrian, ctal.
5,995,860 11-30-1999 Sun, et al.
6,001,067 12-14-1999 Shults, et al.
6,004,278 12-21-1999 Botich, et al.
6,022,315 02-09-2000 1iff
6,024,699 02-15-2000 Surwit, et al.
6,028,413 02-22-2000 Brockmann
6,049,727 04-11-2000 Crothall
6,052,565 04-18-2000 Ishikura, ct al.
6,066,243 05-23-2000 Anderson, et al.
6,083,710 07-04-2000 Heller, et al.
6,088,608 07-11-2000 Schulman, et al.
6,091,975 07-18-2000 Daddona, et al.
6,091,976 07-18-2000 Pfeiffer, et al.
6,093,172 07-25-2000 Funderburk, et al.
6,096,364 08-01-2000 Bok, et al.
6,103,033 08-15-2000 Say, et al.
6,117,290 09-12-2000 Say, et al.
6,119,028 09-12-2000 Schulman, et al.
6,120,676 09-19-2000 Heller, et al.
6,121,009 09-19-2000 Heller, et al.
6,121,611 09-19-2000 Lindsay, et al.
6,122 351 09-19-2000 Schlueter, Jr., et al.
6,129 823 10-10-2000 Hughes, et al.
6,134,461 10-17-2000 Say, et al.
6,141,573 10-31-2000 Kurnik, et al.
6,143,164 11-07-2000 Heller, et al.
6,159,147 12-12-2000 Lichter, etal.
6,162,611 12-19-2000 Heller, et al.
6,175,752 01-16-2001 Say, et al.
6,200,265 03-13-2001 Walsh, et al.
6.212. 416 04-03-2001 Ward, et al.
6,219,574 04-17-2001 Cormier, et al.
6,248,067 06-19-2001 Causey, III, et al.
6,254,586 07-03-2001 Mann, et al.
6,270,455 08-07-2001 Brown
6,275,717 08-14-2001 Gross, ¢t al.
6,283,761 09-04-2001 Joao
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6,284 478 09-04-2001 Heller, et al.
6,293,925 09-25-2001 Safabash, et al.
6,295,506 09-25-2001 Heinonen, et al.
6,306,104 10-23-2001 Cunningham, et al.
6,309,884 10-30-2001 Cooperet al.
6,314,317 11-06-2001 Willis
6,329,161 12-11-2001 Helleret al.
6,348,640 02-19-2002 Navot, et al.
6,359,270 03-19-2002 Bridson
6,359,444 03-19-2002 Grimes
6,360,888 03-26-2002 Mclvor, et al.
6,366,794 04-02-2002 Moussy, et al.
6,377,828 04-23-2002 Chaiken, et al.
6,379,301 04-30-2002 Worthington, et al.
6,418,332 07-09-2002 Mastrototaro, etal.
6,424,847 07-23-2002 Mastrototaro, et al.
6,427,088 07-30-2002 Bowman, IV, et al.
6,440,068 08-27-2002 Brown, etal.
6,471,689 10-29-2002 Joseph, et al.
6,478,736 11-12-2002 Mault
6,484,045 11-19-2002 Holker, etal.
6,484,046 11-19-2002 Say, et al.
6,493,069 12-10-2002 Nagashimada, et al.
6,498,043 12-24-2002 Schulman, et al.
6,514,718 02-04-2003 Heller, et al.
6,546,268 04-08-2003 Ishikawa, et al.
6,551,494 04-22-2003 Heller, et al.
6,554,798 04-29-2003 Mann, et al.
6,558,321 05-06-2003 Burd, et al.
6,558,351 05-06-2003 Steil, et al.
6,560,471 05-06-2003 Heller, et al.
6,561,978 05-13-2003 Conn, et al.
6,562,001 05-13-2003 Lebel, ctal.
6,564,105 05-13-2003 Starkweather, et al.
6,565,509 05-20-2003 Say, et al.
6,571,128 05-27-2003 Lebel, ctal.
6,572,542 06-03-2003 Houben, et al.
6,574,490 06-03-2003 Abbink, et al.
6,576,101 06-10-2003 Heller, et al.
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6,577,899 06-10-2003 Lebel, ctal.
6,579,690 06-17-2003 Bonnecaze, ctal.
6,585,644 07-01-2003 Lebel, ctal.
6,591,125 07-08-2003 Buse, et al.
6,595,919 07-22-2003 Bemer, et al.
6,605,200 08-12-2003 Mao, ctal.
6,605,201 08-12-2003 Mao, ctal.
6,607,509 08-19-2003 Bobroff, ctal.
6,610,012 08-26-2003 Mault
6,633,772 10-14-2003 Ford, etal.
6,635,014 10-21-2003 Starkweather, et al.
6,648,821 11-18-2003 Lebel, ctal.
6,654,625 11-25-2003 Say, et al.
6,658,396 12-02-2003 Tang, et al.
6,659,948 12-09-2003 Lebel, ctal.
6,668,196 12-23-2003 Villegas, et al.
6,675,030 01-06-2004 Ciurczak, et al.
6,676,816 01-13-2004 Mao, et al.
6,687,546 02-03-2004 Lebel, ctal.
6,689,056 02-10-2004 Kilcoyne, et al.
6,694,191 02-17-2004 Starkweather, et al.
6,695,860 02-24-2004 Ward, et al.
6,702,857 03-09-2004 Brauker, ctal.
6,733,446 05-11-2004 Lebel, ctal.
6,740,075 05-25-2004 Lebel, ctal.
6,741,877 05-25-2004 Shults, et al.
6,743,635 06-01-2004 Neel, et al.
6,746,582 06-08-2004 Heller, et al.
6,758,810 07-06-2004 Lebel, ctal.
6,770,030 08-03-2004 Schaupp, et al.
6,789,195 09-07-2004 Prihoda, et al.
6,790,178 09-14-2004 Mault, et al.
6,809,653 10-26-2004 Mann, et al.
6,810,290 10-26-2004 Lebel, ctal.
6,811,533 11-02-2004 Lebel, ctal.
6,811,534 11-02-2004 Bowman, IV, et al.
6,813,519 11-02-2004 Lebel, ctal.
6,837,858 01-04-2005 Cunningham, et al.
6,862,465 03-01-2005 Shults, et al.
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6,873,268 03-29-2005 Lebel, ctal.
6,881,551 04-19-2005 Heller, et al.
6,892,085 05-10-2005 Mclvor, et al.
6,895,265 05-17-2005 Silver
6,923,763 08-02-2005 Kovatchev, etal.
6,931,327 08-16-2005 Goode, Jr., et al.
6,932,894 08-23-2005 Mao, et al.
6,936,006 08-30-2005 Sabra
6,942,518 09-13-2005 Liamos, et al.
6,950,708 09-27-2005 Bowman, IV, et al.
6,958,705 10-25-2005 Lebel, ctal.
6,968,294 11-22-2005 Gutta, ct al.
6,971,274 12-06-2005 Olin
6,974,437 12-13-2005 Lebel, ctal.
6,990,366 01-24-2006 Say, et al.
6,997,907 02-14-2006 Safabash, et al.
6,998,247 02-14-2006 Monfre, et al.
6,999,854 02-14-2006 Roth
7,003,336 02-21-2006 Holker, etal.
7,003,340 02-21-2006 Say, et al.
7,003,341 02-21-2006 Say, et al.
7,015.817 03-21-2006 Copley, etal.
7,016,713 03-21-2006 Gardner, et al.
7,024,245 04-04-2006 Lebel, ctal.
7,025,774 04-11-2006 Freeman, et al.
7,027,848 04-11-2006 Robinson, et al.
7,027,931 04-11-2006 Jones, et al.
7,041,068 05-09-2006 Freeman, et al.
7,041,468 05-09-2006 Drucker, et al.
7,046,153 05-16-2006 Qja, et al.
7,052,483 05-30-2006 Woicik
7,056,302 06-06-2006 Douglas
7,074,307 07-11-2006 Simpson, et al.
7,081,195 07-25-2006 Simpson, et al.
7,092,891 08-15-2006 Maus, et al.
7,098,803 08-29-2006 Mann, et al.
7,108,778 09-19-2006 Simpson, et al.
7,110,803 09-19-2006 Shults, et al.
7,113,821 09-26-2006 Sun, et al.
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7,123,950 10-17-2006 Mannheimer
7,134,999 11-14-2006 Brauker, ctal.
7,136,689 11-14-2006 Shults, et al.
7,153,265 12-26-2006 Vachon
7,155,290 12-26-2006 Von Arx, etal.
7.171,274 01-30-2007 Starkweather, et al.
7,179,226 02-20-2007 Crothall, ct al.
7,190,988 03-13-2007 Say, et al.
7,192,450 03-20-2007 Brauker, ct al.
7,198,606 04-03-2007 Boecker, ctal.
7,207,974 04-24-2007 Safabash, et al.
7,226,442 06-05-2007 Sheppard, ct al.
7,226,978 06-05-2007 Tapsak, et al.
7,276,029 10-02-2007 Goode, Jr., et al.
7,278,983 10-09-2007 Ireland, et al.
7,286,894 10-23-2007 Grant, et al.
7,299,082 11-20-2007 Feldman, et al.
7,310,544 12-18-2007 Brister, ct al.
7,324,012 01-29-2008 Mann, et al.
7,329,239 02-12-2008 Safabash, et al.
7,364,592 04-29-2008 Carr-Brendel, et al.
7,366,556 04-29-2008 Brister, ct al.
7,379,765 05-27-2008 Petisce, et al.
7,381,184 06-03-2008 Funderburk, ctal.
7,402,153 07-22-2008 Steil, et al.
7,424 318 09-09-2008 Brister, ct al.
7,429,258 09-30-2008 Angel, et al.
7,455,663 11-25-2008 Bikovsky
7,460,898 12-02-2008 Brister, ct al.
7,462,264 12-09-2008 Heller, et al.
7,467,003 12-16-2008 Brister, ct al.
7,471,972 12-30-2008 Rhodes, ctal.
7,494,465 02-24-2009 Brister, ct al.
7,497,827 03-03-2009 Brister, ct al.
7,499,002 03-03-2009 Blasko, et al.
7,519,408 04-14-2009 Rasdal, ct al.
7.583,990 09-01-2009 Goode, Jr., et al.
7,591,801 09-22-2009 Brauker, ct al.
7.599.726 10-06-2009 Goode, Jr., et al.
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7,613,491 11-03-2009 Boock, et al.
7,615,007 11-10-2009 Shults, et al.
7,632,228 12-15-2009 Brauker, ctal.
7,635,594 12-22-2009 Holmes, et al.
7,637,868 12-29-2009 Saint, et al.
7,640,048 12-29-2009 Dobbles, ct al.
7,651,596 01-26-2010 Petisce, et al.
7,651,845 01-26-2010 Dovle, III, et al.
7,654,956 02-02-2010 Brister, ct al.
7,657,297 02-02-2010 Simpson, et al.
7,697,967 04-13-2010 Stafford
7,699,775 04-20-2010 Desai, ct al.
7,711,402 05-04-2010 Shults, et al.
7,713,574 05-11-2010 Brister, ct al.
7,715,893 05-11-2010 Karnath, et al.
7,727,147 06-01-2010 Osorio, ct al.
7,731,657 06-08-2010 Stafford
7,736,310 06-15-2010 Taub
7,736,344 06-15-2010 Moberg, et al.
7,763,042 07-27-2010 lio, et al.
7,766,829 08-03-2010 Sloan, et al.
7,811,231 10-12-2010 Jin, et al.
7,813,809 10-12-2010 Strother, et al.
7,822,454 10-26-2010 Alden, et al.
7,889,069 02-15-2011 Fifolt, et al.
7,899,545 03-01-2011 John
7,914,460 03-29-2011 Melker, et al.
7,938,797 05-10-2011 Estes
7,941,200 05-10-2011 Weinert, et al.
7,946,985 05-24-2011 Mastrototaro, etal.
7,972,296 07-05-2011 Braig, et al.
7,976,466 07-12-2011 Ward, et al.
7,978,063 07-12-2011 Baldus, ctal.
8,010,174 08-30-2011 Goode, Jr, etal.
8,010,256 08-30-2011 Oowada
8,192,394 06-05-2012 Estes, et al.
8.282.549 10-09-2012 Brauker, ct al.
8,597,570 12-03-2013 Terashima, ct al.
2001/0020124 09-06-2001 Tamada
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2001/0037060 11-01-2001 Thompson, et al.
2001/0037366 11-01-2001 Webb, ctal.
2001/0047604 12-06-2001 Valiulis
2002/0019022 02-14-2002 Dunn, et al.
2002/0054320 05-09-2002 Ogino
2002/0095076 07-18-2002 Krausman, et al.
2002/0103499 08-01-2002 Perez, et al.
2002/0106709 08-08-2002 Potts, et al.
2002/0111832 08-15-2002 Judge
2002/0128594 09-12-2002 Das, ct al.
2002/0133107 09-19-2002 Darcey
2002/0147135 10-10-2002 Schnell
2002/0161288 10-31-2002 Shin, et al.
2002/0188748 12-12-2002 Blackwell, et al.
2003/0005464 01-02-2003 Gropper, et al.
2003/0021729 01-30-2003 Moller, et al.
2003/0023461 01-30-2003 Quintanilla, ct al.
2003/0028089 02-06-2003 Galley, et al.
2003/0060692 03-27-2003 Ruchti, et al.
2003/0060753 03-27-2003 Starkweather, ctal.
2003/0114897 06-19-2003 Von Arx, et al.
2003/0147515 08-07-2003 Kai, et al.
2003/0163351 08-28-2003 Brown
2003/0168338 09-11-2003 Gao ct al.
2003/0199790 10-23-2003 Boecker, et al.
2003/0208113 11-06-2003 Mault, et al.
2003/0212379 11-13-2003 Bylund, et al.
2004/0010207 01-15-2004 Flaherty, et al.
2004/0015102 01-22-2004 Cummingsg, et al.
2004/0041749 03-04-2004 Dixon
2004/0054263 03-18-2004 Moerman, et al.
2004/0060818 04-01-2004 Feldman, et al.
2004/0063435 04-01-2004 Sakamoto, etal.
2004/0064068 04-01-2004 DeNuzzio, et al.
2004/0073266 04-15-2004 Haefner, ct al.
2004/0078215 04-22-2004 Dahlin, et al.
2004/0106858 06-03-2004 Say, et al.
2004/0122353 06-24-2004 Shahmirian, et al.
2004/0133390 07-08-2004 Osorio, ct al.
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2004/0135684 07-15-2004 Steinthal, et al.
2004/0138588 07-15-2004 Saikley, et al.
2004/0147872 07-29-2004 Thompson
2004/0152622 08-05-2004 Keith, et al.
2004/0167801 08-26-2004 Say, et al.
2004/0171921 09-02-2004 Say, et al.
2004/0176672 09-09-2004 Silver, et al.
2004/0204687 10-14-2004 Mogensen, ct al.
2004/0204868 10-14-2004 Maynard, et al.
2004/0223985 11-11-2004 Dunfiled, et al.
2004/0249253 12-09-2004 Racchini, et al.
2004/0254433 12-16-2004 Bandis, et al.
2004/0254434 12-16-2004 Goodnow, et al.
2004/0260478 12-23-2004 Schwamm
2004/0267300 12-30-2004 Mace
2005/0001024 01-06-2005 Kusaka, et al.
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Description
1. Field of the invention

[8G01] This invenlion relates to a syslem and method
for measuring, storing and communicatling sensor read-
ings from a patient to a ceniral system for dispiay and
analysis.

2. Discussion of the Related At

[008082] For cerdain medical condilions, such as head
trauma, i is necessary io place sensors on and in a pa-
tient to taks continuous sensorreadings. One shoricom-
ing of the prior art is the need to wire the sensors o
receiving and recording units located near {he patisnt.
The wires, especially ieading to implanied sensors,
cause difficulty for caregivers to move and treat the pa-
tient, both in and out of bed. inresponse, wireless sensor
sysiems were developed that record the sensordata and
do nat tether the patient io wired receivers. The sensor
data is transmitied wirelessiy io the receiver. However,
cantinuaus wireless data fransmission draws a signifi-
cant amount of power. Since the sensors are wireless,
they must rely on batiery power and the continuous wire-
less transmission shortens the batiery life and thus the
operational life of the sensor.

{80831 Toovercome seme ofthe above shordcoemings,
US-A-4.519,401 discloses a minimized "pulse” power
scheme wherein the sensors and transmitiers are placed
in a iow power cycie when readings are not being taken
and then puise powered up o take a sensor reading and
transmit it to a receiver. This power consenvation scheme
is useful for sensor readings that are only taken at inter-
vals and not continuously. Continuous dala sampling
would defeat US-A-4,519,401's pulse power scheme, as
the sensars and transmitter can never power down.
[B004] US-A-8,533,733 discloses a sensing system
wherein the sensor readings are coentinuously read and
stored. The stored data is then pericdically transmitted
1o arecaiver. The sensors are continuously powered and
transmitier is alsc conlinuously powered and draws ad-
ditional power during power iransmission. US-A-
§,533,733 realizes thal ihis sysiemis powsr consumptive
and sohves the problem by using a combination of power
supplies. US-A-8,533,733 is silent regarding powering
down the sysiem and US-A-8,533,733’s system could
not take continuous readings without constant power.
Further, since US-A-6,533,733's sensor daia is siored,
the sensor readings are not resentad to the caregiver in
approximately realtime. Thus, there is a time [ag be-
tween whan the sensor data is taken and displayed. US-
A-B 533,733 compensates for this lag by providing ihe
sensor controller with an alarm function fo notify a car-
egiver of an anomalous sensor reading.

[GO058] US-A-8,731,978 discioses a passive sensing
systemwherein sensor readings are taken and transmit-
ted only when powered exiernally. The sensing and
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transmission only {ast as long as the exiemnal power is
supplied. This embodiment provides "real-time” sensor
data but only while the system is externally powered.
Further, US-A-8,731,978 discloses an embodiment of
providing a powear supply for the system but, as US-A-
6,533,733 does, US-A-6,731,976 takes and siores the
sensor data but does not disclose powering down the
transmitierto conserve energy. Further, US-A-6,731,876
does not disclose how to compensate forthe lag between
when the sensor daia is laken and when it is transmitied.
[B008]) Thus, there is a need in the art for a sensor
sysiam that can fake continucus readings and provide
the sensor data 1o a caregiver is pseudo-reallime. Fur-
ther, there is a nead 1o conserve power of the sensing
device and transmitter by powering down the transmitier
and transmitiing the sensor data only over bursts.

SUMMARY OF INVENTION

[BO07)] A device for monitoring a patient sensor has a
sensing device disposed on or in the patisnt and takes
saensor data continuously. A transmitter is located on the
patient and infernally powerad. The fransmittac is nor-
mally in a power-down stale and typically only powered-
up for transmitting the sensor data. A first link if formed
between the sensing device and the transmitier so the
transmitier can receive the sensordata. The first link can
inciude a wired and a wireless link. Further, the wirsless
fransmission can pe seni over any Known wireless fre-
guencies and ulilize any protocels known in the arl. A
receiver is located remote from the patient and receives
the sensor data transmitted wirelessly from the transmit-
ter. The fransmission is typically a burst and can also be
initiated on a command.

[G08] A method of monitoring a patent sensor having
the steps of acquiring sensor data from the sensing de-
vice and linking the sensor data to the transmitier. The
transmitter is powered infernaily and located on the pa-
tient. Typically, the fransmitter is powsred down in a nor-
mal stale and powered up 1o transmit the sensor data
from the transmitter to a receiver, which is disposed re-
moie from the transmitter. The transmission can be sent
by a burst or upon command.

{80881 Ancther embodiment of the preseni mathod in-
cludes acquiring sensor data from the sensing device.
Typically sensor data is acquired continuously, but can
also be iaken at intervals. The sensor data is linkedio a
transmitter by the first communication link and the trans-
mitter is powered infernally by a power supply. The sen-
sor data is accumuiated over a first period of time which
can be a few seconds 1o a few minutes and, in ohe eim-
bodiment, is a one minute interval. The transmitter can
ke poweared-up and fransmitting the sensordata fromthe
transmitier 1o the receiver over a second period of time.
The second period of time is shorter than the first peried
oftime and is typically a factor of shorter. Once the frans-
mission is complete, transmitter can be powered down.
A further step displays the sensor daia al the receiver in

Page 87 of 320



3 EP 1707 118 A2 4

pseudo real-time. The dispiay is shifted by a sum of the
first and the second period of time. For exampie, if the
sensor daia is accumulated over 1 minuie and the burst
transmission is 6 seconds, the displayed data is time
shiffed {or lagged) 86 seconds from raal-time.

{G018] In a further embodiment, the sensor data can
be compressed prior to transmitling the sensor data and
then it can be decompressead prior io the displaying the
sensor data. Compressing the sensor data can assist in
shorting the second period of time and thus shorening
the burst period and the lag time.

[00414] One or more sensing devices can be linked to
a single transmitier. Each sensing device can include a
unigue sensing device 1D which identifies sach sensing
device. The unique sensing device {D can inciude the
serial number of the sensing device and an identifier io
identify the type, model, manufacturer and calibration in-
formation of the sensing device. The unigque sensing de-
vice i} can identify the sensing device forihe fransmitter.
Furtharmore, the transimitier can have 3 unigue transmit-
tar {D identifying the fransmitler {o a receiver and the
receiver can also have a unique recaiver 1D, Receiver il
identifies the receiver to a central server and the sensor
daia can be encoded/encrypled with the unique receiver
D as outlined above regarding the other unique 1Ds.
[0fi12] Inoneembodiment, the receiveris located with-
in 15 feat of the fransmitter. The proximity of the receiver
1o the transmiller can preiong ihe life of power supply
because iess power is neadead if the transmission is over
a shoit distance. Alse, the proximity prevenis dropped
signals and interference from outside sources.

{60131 Inanotherembodiment, the sensordata can be
encrypted before it is iransmitted wirelessly o prevent
unauthorized access or fampering with the sensor data.
in a fudher embodiment, one or beih oftha unigue sens-
ing device 1D and the fransmitter {D can be used as base
keys for ancrypling the dala. The I0s can be used as a
public key andthus eitherevery sensing device’s ortrans-
mitter's sensor data can be uniguely encrypled.

[0ti14] Furtherto the above, the first link can include a
power link to provide power to the sensing device from
the transmitter. The recelver can send a confirmation sig-
naliothe transmitier to acknowledging receipt ofthe sen-
sor data. The confirmation signal is a safety feature o
assure that the sensor data is received by the receiver.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[O818] Theabove and still further objects, features and
advantages of the present invention will become appar-
ent upon consideration of the following detailed descrip-
tion of a specific embodiment thereof, especially when
taken in conjunction with the accompanying drawings
wherein like reference numerais in the various figures
are utilized to designale like compenents, and wherein:

Figure 1 is schamatic diagram of the system of the
present invention;
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Figure 2 is a flow chart of an embodiment of a method
of the present invention;

Figure 3 is a flow chart of another embodiment of a
method of the present invention; and

Figure 4 is a flow chart of a further embadiment of a
method of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[60146] FReferring to Figure 1, a system 100 for moni-
toring a patient sensor is ilusirated. The sysiem 100 in-
cludes a sensing device 102 disposed on the surface of
orimplanted in the patient 10 that takes sensordata 104,
The sensing device can be disposed or implanted any-
where on the patient 10, including implanted in the pa-
tient's brain. Sensing device 102 can be any medical
sensing device, including a pressure Sensor, an oxygen
sensor, neural impuise sensor, iemperature sensor, pH
sensor, an electroencephalogram and a fetal heart mon-
iter. The sensing device 102 can cellect sensor data 104
over many different time periods. Sensor daia 104 can
be collected confinuously, over either a predetermined
oF random interval, or upon a command issued from a
caregiver. Sensing device 102 can be powered internally
by, for example, disposable batieries, rechargeable bat-
teries, or a capacitive device capable of storing energy
transmitted through an inductive power coupling or di-
recily through the inductive power coupling.

[8017] Sensing device 102 iransmits the sensor data
104 1o a transmitter 108 located ouiside the patient 10.
The transmitter 108 is typically located on or very close
to the patient 10 but not implanted in the patient 18, Typ-
ically, transmitter 108 can be strapped {o the nearest ap-
pendage or adherad to the patient’s skin. Transmitter 106
is internally powered by power supply 108. Power supply
108 can be, for exampie disposable patteries, recharge-
able batteries, or a capacitive device capable of storing
energy transmitied through an inductive power coupling.
{3018] The transmitier 108 receives the sensor data
104 over a first link 110 between the sensing device 102
and the transmitier 108. The first link 110 can be a3 wired
110a or a wireless link 1100, I the first link 110 is wired
link 1104, the fransmitter 105 can have multiple leads or
ports to accept one or more wired links. The leads and
poris can be any lype known in the art to ransmit at least
analogue or digital dala o aliow the transmission of sen-
sor data 104 to the transmitter 108. i the first link 110is
a wireless link 1100, the fransmission can be sent over
any known wireless frequencies and utilize any protocois
known inthe art. Further, wireless link 110b can be trans-
mitted inductively by using the patlient’s body at the an-
tenna.

{3018] Further, the sensing device 102 and the trans-
mitter 106 can undergo handshake protocols o "intro-
duce” the sensing device 102 to the transmiiler 106. The
handshake can be performed automatically upon the
powering up ¢f the piugging in of either the sensing de-
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vice 102 or the fransmitter 106. Aliernately, the caregiver
can initiate a handshake protocol manually.

[OU281  Oneormore sensing devices 102 can be linked
1o a single transmitter 106. Each sensing device 102 can
include a unigue sensing device 1D which identifies each
sensing device 102, The unigue sensing device 1D can
inciude the serial number of the sensing device 102 and
anidentifier to identify the type, model, manufaciurer and
calibration information of the sensing device 102, The
unigue sensing device i3 can identify the sensing device
102 for the transmitier 108, Furthermore, the transmitter
106 canhave a unigue transmitier ID identifying the trans-
mitter 108 to g receiver 112.

[8021] Transmiller 106 fransmits the sensor data 104
to receiver 112. Receiver 112 is typically iocated remote
fromthe patient 14, In one embodiment, the receiver 112
is located within 15 feet of the iransmitter. The proximity
ofthe receiver 112 1o the transmitter 106 can prolong the
life of power supply 108 because less power is needed
ifthe transmission is over a short distance. Also, the prox-
imity prevenis dropped signals and interference fromout-
side sources.

[6022] The receiver 112 and the transmitter 106 com-
municate wirelessly, thus allowing patient 1 the freedom
to move arcund and shift position or be moved to aid
caregivers activities without disrupting the communica-
tions between the two. The communication between the
transmitiar 108 and the raceiver 112 can take place con-
tinuously, at an interval, orupon a command. The interval
carn be either predetermined or random and in one em-
bodiment, the transmitier 108 provides a burst transmis-
sion at least every minute. Burst transmissions are used
1o conserve the power of the transmitter 106, Sending
the fransmission to the receiver 112 is power consump-
tive and minimizing the number of transmissions can ax-
tend the life of the internal power supply 108. Shoit in-
terval bursts allow a caregiver {o receive nearly real-time
sensordata 104 and stifi conserve the power supply 108.
{08237 Further, transmitter 106 can process sensor da-
ta 104 through a compression algorithmto compress the
data before transmitting i o receiver 112, Compressing
sensor data 104 allows for a shorier burst period and
assists in reducing the overall power consumption of the
transmilter 108 and prolong the life of ithe power supply
108, Compressed sensor data 104 also conserves stor-
age space on the receiver 112 or server 114. Com-
pressed sensor daia 104 can be stored compressed and
decompressed for processing or display to the caregiver.
Alternately, the receiver candecompressihe sensordata
104 upon receipt and store it decompressed 1o reduce
the wait time for processing or displaying.

[6024] Further, the wireless transmission can be sent
over any known wireless frequencies and utilize any pra-
tocois known in the arl. Additionally, the fransmitter 108
and the receiver 112 can undergo handshake protocols
o introduce” the transmitier 108 1o the receiver 112, The
handshake can be performed automatically upon the
powering up of the plugging in of either the transmilter
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106 or the receiver 112, Alternately, the caregiver can
initiate a nandshake protocol manuaily.

[8825] In an embodimeni, fransmitter 106 communi-
cates with receiver 112 ulilizing a "burst mode.” Burst
made callects and stores sensor daia 104 in the frans-
mitter 106 over a set pericd of time. Typically, the sensor
data 104 is comprassed {o raduce the size of the data
packet. Transmitter 108, at the predetermined iime, pow-
ers up and transmit the stored sensor data 104 in a burst
that is typically much, much shorter than the time period
over which the sensor data 104 is collected. Transmitter
106 then powers down. The receiver 112 raceives and
coliects the sensordata 104 from the transmitter 106 and
decompresses the sensor data 104 back to the original
timescale for dispiay or analysis. The receiver 112 dis-
plays the data in pseudo real-time - the sensor data 104
is displayed in the same spatial resolution thal i was
collected with but delayed from realtime by the length
of the time pericd over which it was originally collecled
plus the communications "burst” time. This embodiment
allows transmiiter 106 o limil the power expenditure
overhead of powering on and estabiishing link 110 by not
requiring the transmitter 106 to perform these {asks for
each individual sensor reading taken.

[BG28] The receiver 112 can be powered by any
seurce, bul typically is powered extemally, La. plugged
into the nearest electrical outlet. In an embodiment, re-
ceiver 112 can be designed as a permanant or semi
permanent device in the patent’s room. LHilizing an ex-
temnal power source to power receiver 112 has advan-
tages. Receiver 112 can be aclive continuously and can
perform storage, analysis, and display functions. Receiv-
er 112 can store and accumuiate sensor data 104 for an
extended period of time and can store sensor data 104
foom numerous fransmitters 108 and/or patienis 10, Re-
ceiver 112 can analyze the sensor data 104 and display
it forthe caregiver. Additionally, an external power supply
allows receiver 112 more flexibilily in communicating the
sensordata 104, analyzed ornot, to a central server 114
located remote from the receiver 112

{3027] Receiver 112 and cenirai server 114 can be
linked directly or threugh a natwork, LAN, WAN, or the
internet. The conneclion can be wired or wirgless using
any proieenis known in the arl. Central server 114 can
be remote fromthe receiver, i.e. in another room, building
orstate and a patient 10 can be monitored by a caregiver
remote from the patient’s location.

[6028] Inanembodiment, central server 114 can be a
portable device (e.g. PDA, cell phone, beeper, Blackber-
Y& or a semi-portable device (laptop and deskiop on
wheels) that can be carried by the caregiver or kept in
proximity 1o patent 10 so the caregiver can move into
proximity with the patient 10 and display the sensor data
104 at, for exampile, the patient’s bedside. Ceniral server
114 can also store, analyze, and display the sensor data
104. In an embodiment, either the receiver 112 or the
central server 114 analyzes the data, or receiver 112 can
perform basic analysis and caniral server 114 performs
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more detailed analysis if reguired.
{30287 Receiver112 canaiso send notificationsio cen-
trai server 114 in response 1o a number of preset or pro-
grammed conditions. Forexampile, ifthe sensordata 104
shows thal thers is a oritical conditinn {(e.g. the patient’s
heart stops bealing) a notification can be sent (e.g. mes-
saging a pager, ringing a cell phone) nolifying the car-
egiver of the critical condition. As described below, the
caregiver can then issue remote instructions to further
monitor the patient 10.
[G030] If the receiver 112 and the central server 114
communicale wirelessly, all the prolocoels, handshake
procedures and freguencies described above can be
used here as desoribed above,
{38311 Inan embodiment, sensordata 104 can be en-
coded withthe unigue sensing device {D and the encoded
sensor daia is iransmitted o the receiver 112 and to ihe
central server 114, Using the unique sensing device 1D
can identify the specific sensor and thus the speciiic pa-
tient 10. This can helpthe organization ofthe sensordata
104 when siored and can assist in the search and re-
trieval of the sensor data 104 at a iater time. Further,
senser data 104 can be encoded with the unigue trans-
mitter 10 alone or in combination with the unigue sensing
device iD. The unique transmitter ID can further assist in
siorage, searching and retrieval.
[86G32] In one embodiment, the sensor data 104 can
ke encrypied before i is transmitied wirelessly to pravent
unauthorized access or tampering with the sensor data
104. in a further embodimant, one or both of the unigue
sensing device 1D and the transmitter {D can be used as
base keys for encrypting the data. The 1Ds can be used
as a public key and thus either every sensing device's or
transmitier's sensordata 104 can be uniquely encrypted.
[00833] Further to the above, the first ink 110 can in-
iude a powerlink to provide powerto the sensing device
102 fromthe transmitter 108, in this embodiment, sens-
ing device 102 does not have a stand alone powersupply.
iffirstlink 110 iswired 1104, the power can be transmiilted
directly 1o the sensing device 102 along the same wire
or adifferentwire thanthe sensordata 104 is transmitied.
Allernately, the power link can be an induced connection.
An induction coil from the transmitier 108 can be placed
in proximity to an inductance coil in the sensing device
102 to provide power 1o the sensing device 102, Power
supply 108 can provide continuous power or act as a
charging station to charge the sensing device 102 on
demand. This can be usad especially with implanted
sensing devices 102. Since transmilter 108 is disposed
outside of patient 10, it is easierto recharge power supply
108 and use thairansmitier to power sensing devica 102,
{G3034] In an embodiment, transmitter 108 includes a
first memory 118 that tempaorarily stores the sensor data
104 priorto the transmission to the receiver 112. The first
memory 116 can be flash RAM or any other type of per-
manent or removable memory known in the ari. First
memaory 116 can be kept small 1o aliow transmitter 106
to be light weight. Once the sensor dala 104 siored on
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first memory 116 is transmilied to the receiver 112, the
sensor daia can be erased or overwrilten. The ovenwrit-
ing procedure can inciude ovenwriting the oldest data
first.

[O035] Additionally, receiver 112 can include a confir
mgiion signai 118 transmitied from the receiver 112 fo
the transmitter 106 {o acknowledging receipt of the sen-
sordata 104. The confirmation signal 118 is a safely fea-
ture to assure that the sensor data 104 is received by the
receiver 112, The confirmation signal 118 can also be
used as a trigger for the transmitier 106 to erase the first
memory 118,

[G038] In an embodiment, if the fransmitter 106 does
not receive the confirmation signal 118, the transmitter
106 can repeat the transmission one or more times until
the confirmation signal 118 is recaived. Also, the trans-
mitler 108 can include an alamm 120 that can send an
alarm signal when the confirmation signal 118 is not re-
ceived once o for a period of time.

[B0371  Alternately,transmitier 108 canresend the "oid”
sensor data 104 from the uncenfirmed {ransmission as
an add-on {o the next transmission of "new” sensor data
104, if the transmitier 106 is set 1o burst fransmissions,
adding-on sensor data 104 can lengthen the transmis-
sion time but maintains the interval so keep power con-
sumption at a minimum.

{G3038] Inanotherembodiment, fransmitter 106 can be
used to communicate with sensing device 102, First link
110 can provide an instruction to the sensing device 102,
Examples of instructions can be o {urn on/off, change
datia retrieval intervals, perform a diagnostic test, report
power and/or communication status and 1o take sensor
data essentially contemporaneous with the instruction.
This allows a caregiver fo receive real-lime sansor data
104, ifthe caregiver deems it necessary. The instructions
can be originated at the fransmitter 106 or atthe receiver
112 and/or central server 114 {0 be {ransmitted to the
transmitier 106 to be relayed to sensing device 104. This
configuration allows instructions to originate anywhere
the caregiver is located.

{3038] Embodiments include using one transmitier
106 per palient 10 and linking muitiple sansing devices
104 to the single transmitier 108. A second sensing de-
vice 122 can be implanted in the patient 10. The second
sansing device 122 takes second sensor data 124 and
can inciude any or ali of the features described above for
sensing device 102, In a further embodiment, second
sensing device can include a unigue second sensing de-
vice 1D, Unigus second sensing device 1D can be used
as above, o identify second sensing device and to en-
code or encrypt second sensor dala 124

[00401 A secondlink 128 between the second sensing
device 122 and the transmitter 108 can be formed simi-
farly o first link 110, Transmiiter 108 can receive both
sensor data 104 and second sensor data 124, Inanem-
bodiment, the transmitter 108 can be programmed fo
compine the sensor data 104, 124 into a single sensor
daia file to be fransmitied to receiver 112 or can kesp
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the sensor daia 104 and the second sensor dala 124
separate. To assist in differentiating between the two
sensordata, the unigue sensing device 1D andthe unique
second sensing device 1D can be used fo encode and
separate the data.

{30414] A further embodiment includes using multipie
transmilters with one receiver 112. Typically, a second
transmitter 128 is linked to a second sensing device 122
implanted in a second patient 20, However, multiple
transmitiers can pe used with the same patient 10, if the
positioning of the sensing devices 102 or receiver 112
dictales. As above, second sensing device 122 takes
second sensor data 124 and transmils it to second trans-
mitler 128 via second fink 128, Sscond transmitier 128
can inciude a unigue second transmitier 1D identifying i,
Receivar 112 can raceive senser data 104 and second
sensordata 124 fromihe iransmitter 108 and the second
transmitter 128, respectively. in an embodiment, the sen-
sor daia 104, 124 can be encoded or encrypted using
the unigue transmitier and second transmitter [Ds. Fur-
thermore, if mulliple sensing devices are altached to
each transmitter, the sensor data can be encoded with
both the unigue sensing device 1D and the unigque trans-
mitter i,

[G042] Receiver 112 can also have a unigue receiver
i to identify the receiver to the ceniral server 114 ang
the sensor data 104 can be encoded/encrypled with the
unigue receiver I as ocutlined above regarding the other
unigue {Ds.

[0043] Figure 2 illustrates a method of moniforing a
patient sensor. Sensor data 104 can be acguired from
sensing device 102 implanted in the patient (step 200)
and linked to the transmitter 108 either continuously, at
an interval, a burst, or upon command {step 202). The
transmilter 108 is powerad internally {slep 204} and {¢-
cated exiernal io the patient 10 (slep 208). Typically,
transmitier 106 is in a powered downcondition {slep 2073,
The transmiiter 108 is powered up and then transmits
the sensor dala from the fransmitter 106 1o receiver 112
(step 208} and the receiver 112 is disposed remote from
the transmitier 108 (step 210). The sensor data 104 is
communicated fromihe receiver 1121othe central server
114 {step 212) and centrai server 114 can siore, analyze,
or display the sensor data 104 (stap 214} In an alternate
embodiment, the receiver 112 can store, analyze and
display the sensor data 104 for an individual patient.
{3044] Embodiments include, identifying the sensing
device 102 with a unigue sensing device 1D (step 218)
and opiionally encoding the sensor data 104 with the
unigue sensing device 1D (Step 218). Further embodi-
ments include powearing the sensing device 102 fromithe
transmitier 108 using a power link (slep 220) by option-
ally, transmitting energy over a wire from thea transmitier
106 io the sensing device 102 (step 222} or inducing
enengy through induction coils in the transmitter 106 and
the sensing device 102 {siep 224}. Another embodiment
is termporarily storing the sensordata 102 in a first mem-
ory 118 priorto the fransmitting step (step 226) and eras-
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ing and/or overwriting the sensor data after the transmit-
ting step (step 228).

[8045] Referning to Figure 3, the method can furthar
inciude sending a confirmation signat acknowledging re-
ceipt of the sensor data 104 {(step 230} and issuing an
atarmupon failure to receive the confirmation signal (step
232). Additionally, the transmitter 108 can receive the
confirmation signal (slep 234) and erase the firsi memory
118 storing the sensor data 104 upon receipt of the con-
firmation signai {step 236).

[0048]) Returning 1o Figure 2, the fransmitter 106 can
provide an instruction to the sensing device (step 238).
Also, the receiver can optionally, siore the sensor data
104 {step 240), analyze the sensor data 104 {step 242)
or display the sensor data 104 {(siep 244). Fuither, the
communicating step above can include communicating
the analyzed sensor data 104 o the central server 114
{siep 248). Also, the ifransmitter 106 can be identified
with a unigue transmilter ID (step 248}, In an alternate
embodiment, transmitier 108 can compress sensor data
104 {siep 250) and receiver 112 can decomprass the
daia (siep 252). Alternately, central server 114 can de-
comprass the sensor data.

[O08471  Turning to Figure 4, another embodiment of the
present method is iliustrated. The method of monitoring
a patent sensor includes acquiring sensor data 104 from
a sensing device 102 disposad on the patient 10 (step
300). Typically sensordata 104 is acquired continuously,
but can aiso be taken at intervals. The sensor data can
be linked 1o a transmitter by the first communication link
110 (step 302). The iransmitier is powered internally
(siep 304) by power suppgly 108 and s typically Incated
on patient 10 {step 306}. The sensor data can be accu-
muiated over a first period of time (step 308). The first
period of time can be a few saconds to a few minules
and, in one embodiment, is a one minute interval. Trans-
mitter 106 is powered-up and transmits the sensor data
104 from ihe transmitier 108 to receiver 112 over a sec-
ond period oftime (step 310). The second period of lime
is shorter than the first period of time and is typically a
factor of shorter. Once the transmission is complets,
transmilter 106 is powerad down {step 312). A further
siep is displaying the sensordata at the receiver in pseu-
do real-time (step 314). The display is shifted by a sum
of the first and the second period of time. For example,
if the sensor data is accumulated over 1 minute and the
burst iransmission is 6 seconds, the displayed data is
time shifted (or lagged) 86 seconds from real-time.
[8048] In a further embodiment, the sensor data can
be comprassed prior 1o transmitting the sensor daia 104
{step 318; and then it can be decoempressed prior to the
displaying the sensor data 104 (step 318). Compressing
the sensor data 104 can assist in shorting the second
period of time and thus shoriening the burst period and
the lag time. The compression compresses the waveform
of the sensor data and the decompression refurmns the
waveform of the sensor data back to s original data.
[8048] Further, it is know inthe an that any analogue
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signals can be converied to digital signals before frans-
mission and converied back to analogue signals, if nec-
essary, for display and analysis.

{60501 VWhile there have been shown, described, and
pointed out fundamenial novel features of the invention
as applied to a preferred embodiment thereof, i will be
undersicod thal various emissions, substitutions, and
changes in the form and detaiis of the devices illusirated,
and in their operation, may be made by those skilled in
the art without departing from the spirit and scope ofthe
invention. For example, # is expressly intended that all
cormbinations of those elements and/or steps which per-
form substantially the same function, in substantially the
same way, 1o achieve the same resuits are within the
scope of the invention. Substitutions of elements from
one described embodiment to anciher are also fully in-
tended and contemplated. H is aiso 1o be understood that
the drawings are not necessarily drawn 1o scale, tut that
they are merely concepiual in nature. it is the intention,
therefore, 1o be iimited only as indicated by the scope of
the claims appended herelo.

Claims
1. Adevice for monitoring a patient sensor, comprising:

a sensing device for disposal on orinthe patient
for taking sensor data continuously;

an internally powered transmitier for location on
the patient, which transmitter is normally in a
powear-down state and is powered-up for trans-
mitting the sensor data;

awired orwireless first link between the sensing
device and {he fransmitier wherein the fransmit-
ter receives the sensor data from the sensing
device: and

a receiver, for iocation remote from the patient,
for recaiving the sensor data transmilied wire-
iessly fromt the transmitter,

wherein the sensor data transmission is a burst
or is initiated on 8 command.

2. The device of claim 1, wharein the sansing device
comprises a unigue sensing device Il and the sens-
ing device is identified by the fransmitter using the
unigue sensing device iD.

3. The device of claim 2, wherein the sensor data is
encoded with the unigue sensing device 1D and the
encoded sensor data is transmitied to the receiver
and 10 a central server.

4. The device of any one of claims 1 to 3, wherein the
first link further comprises a power link to provide
power to the sensing device from the transmitter,
wherein the power link provides power by a direct
connection ¢r an induced connaction.
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5,

10.

11,

f2.

13,

14,

15,

The device of any one of claims 1 to 5, wherein the
fransmitter comprises 3 first memory temgporarily
storing the sensor data prior to the fransmission o
the receiver, wherein the first memory is overwritien
or erased after the fransmission of the sensor data
10 the receiver.

The device of any one of claims 1 to 5, further conv
prising a confirmation signal transmitted from the re-
ceiver 1o the fransmitier acknowledging receipt of
the sensor data.

The device of claim8, wherein the transmilter further
comprises an alarm for sending an alarmsignal upon
failure 1o receive the confirmation signal.

The device of claim 8 or claim 7, wherein the confir-
mation signal instrucls the transmitter {o erase a first
memory temporally stering the sensor data prior to
the transmission to the receiver.

The device of any one of claims 1 to 8, wherein the
transmitter provides an instruction to the sensing de-
vice.

The device of any one of claims 1 to 9, further com-
prising a central server, for iocation remote from the
receiver, for receiving the sensor data from the re-
ceiver and for storing, analyzing and/or displaying
the sensar data wherein the receiver is adapted 1o
transmit the sensor data 1o the central server con-
tinuously, at an interval or upon a command.

The device of any one of claims 110 10, wherein the
raceiver stores, analyzes and/or displays the sensor
data.

The device of claim 11, wherein the receiver trans-
mits the analyzed sensor data 1o a central server.

The device of any one of claims 1 to 12, wherein the
fransmitter comprises a unigue transmitier 1D and
the transmitier is identified by the receiver using the
unigque fransmitter 10,

The device of claim 13, wherein the sensing device
comprises a unigue sensing device D and the sens-
ing device is identified by the transmitfer using the
unigue sensing device 1D,

wherein the sensor data is encoded with the unigue
sensing device 10 and the unigue transmitter 1D and
the encoded sensordata is transmitied to the receiv-
er.

The device of any one of claims 110 14, further com-
prising:

a second sensing device for implantation in the
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patient, for taking second sensor data continu-
ausly, at an interval andor upon a command,
comprising a8 unigue second sensing device I
and the second sansing device is identified by
the {ransmitter using the unique second sensor
device 1D, wherein the second sensor data is
encoeded with the unigue secend sensing device
iD; and

awired orwireless sacond link between the sec-
ond sensing device and the transmitter wherein
the fransmitier receives the second sensor data
fromihe second sensing device and {he second
fink:

wherein the sensing device comprises 3 unigue
sensing device 1D, the sensing device is identi-
fied by the transmitier using the unigue sensing
device ID, and the sensor data is encoded with
the unigue sensing device 1D, and

wherein the encoded sensor data and the en-
coded second sensordata areiransmitiedtothe
receivar.

The device of any one of claims 1 1o 15, fuither com-
prising:

a second sensing device for impiantation in a
second patient, for taking second sensor data
continunusly, at an inlerval and/er upen a com
mand;

an , inlemally powsred second transmilter for
iocation outside the second patient, fortransmit-
ting the second sensor data to the receiver con-
tinuously, at an interval and/or upon a command
and comgprises a unique second transmitier 1D
and the sscond transmitter is identified by the
receiver using the unique second fransmitter {5,
and

awired orwireless second link between the sec-
and sensing device and the second transmitier
wherein the second iransmitier receives the
second sensor data from the second sensing
device.

The davice of any ong of claims 110 18, wherein the
transmitter compresses the sensor data prior fo
transmitting 1o the receiver and wherein the receiver
decompraesses the compressed sensor data.

The device of claim 10, further comprising a notifi-
cation, sent from the recaiver to the central server
upen a met condition.

The davice of any ong of claims 110 18, wherein the
transmitier comprises a first memory for temporarity
storing the sensor data prior 1o the transmission to
the receiver, wherein the sensordata is compressed
prior 1o transmission and decompressed by the re-
seiver.
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20,

21.

23,

23.

24.

25.

28,

27.

14

A method of monitoring a patent senser, comprising
the steps of:

acguiring sensor data from a sensing device on
a in the patient;

linking the sensor data to a transmitter continu-
cusly, at an interval and/or upon a command;
powering the transmitier internaliy;

iacating the transmitter on the patient;
powering the transmitterdown in a normal state;
powering the tfransmitter up and transmitting the
sensor data fromihe fransmitter to a receiver by
a burst and/or upon command; and

disposing the receiver remote fromthe transmit-
ter.

The method of claim 20, further comprising the steps
of:

communicating the sensor data fromthe receiv-
2o a central server: and
sioring, analyzing and/or displaying the sensor
data at the central server.

The method of claim 20 or claim 21, further compris-
ing the steps of:

identifying the sensing device with a unigue
sensing device 1D, and

optionally, encoding the sensor data with the
unigque sensing device 1D,

The method of any one of claims 20 to 22, fuither
comprising the siep of powering the sensing device
from ihe transmitter by transmiiting enargy over a
wire from the iransmitter to the sensing device or
inducing energy through induction coils in the frans-
mitier and the sensing device.

The method of any one of claims 20 1o 23, fuither
comprising the steps of:

temporarily storing the sensor data in a first
memory prior {o the transmitting step; and
erasing and/or overwriling the sensordata after
the transmitling step.

The method of any one of claims 20 1o 24, fuither
comprising the slep of sending a confirmation signal
acknowledging receipt of the sensor daia.

The method of claim 25, further comprising the step
of issuing an alarmm ugon failure 1o receive the con-
firmation signal.

The method of any one of claims 20 to 26, fuither
comprising the steps of:
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receiving a confirmation signal; and
erasing a first memaory storing the sensor data
upon receipt of the confirmation signal.

The method of any one of claims 20 1¢ 27, fuither
comprising the step of providing an instruction from
ihe transmitier to the sensing device.

The method of any one of claims 20 1o 28, fuither
comprising storing the sensor daia at the receiver,
analyzing the sensor data at the receiver and/or dis-
playing the sensor data at the receiver.

The method of any one of claims 20 o 29, which
includes communicating the analyzed sensor data
{0 2 central server.

The method of any one of claims 20 1o 30, fuither
comprising the step of identifying the transmitier with
a unigue transmitter (D,

The method of any one of claims 20 to 31, fuither
compriging the step of compressing the sensor data
prior to the fransmitting siep.

The method of claim 32, further comprising the step
of decompressing the sensor data prior to analysis.

The method of any one of claims 20 to 33, funther
comprising the step of communicating a nolification
{o a central server.

A method of monitoring a patient sensor, comprising
the steps of:

acquiring sensordata from a sensing device dis-
posad on or in the patient;

finking the sensordaiato atransmitter by a wire-
less or a wire fink;

accumuiating the sensor data over a first time;

powering onthe transmitier and transmitting the
sensor dala from the transmitter 16 a receiver
over a second time, shorter than the first time;

powering off the transmitfer; and

displaying the sensor daia atl the receiver in
pseudao real-time shified by asumofthe firstand
the second fimes.

The method of claim 35, further comprising the steps
of:

compressing the sensor data prior {o the frans-
mitting step; and

decompressing the sensor data priorto the dis-
playing steg.
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WIRELESS ANALYTE MONITORING SYSTEM

FIELD OF THE INVENTION

[001] The present invention relates generally to a system and method for wirelessly

monitoring the concentration of one or more analytes in a fluid or tissue sample.

BACKGROUND OF THE INVENTION

[002] The quantitative determination of analytes in body fluids is of great importance in
tfhe diagnoses and maintenance of certain physiological abnormalities. In particular,
determining glucose in body fluids is important to diabetic individuals who must frequently
check the glucose level in their body fluids to regulate the glucose intake in their diets.

[003] In one current type of blood glucose testing system, test sensors are used to test a
sample of blood. The testing end of the test sensor is placed into the blood that has, for
example, accumulated on a patient’s finger after the finger has been pricked. Blood samples
are often taken from a fingertip of a test subject because of the high concentration of
capillaries, which can provide an effective blood supply. The blood may be drawn into a
capillary channel that extends in the test sensor from the testing end to the reagent material by
capillary action so that a sufficient amount of blood is drawn into the test sensor. A voltage
is applied, causing the glucose in the blood to then chemically react with the reagent material
in the test sensor, resulting in an electrical signal indicative of the glucose level in the blood.
This signal is supplied to a sensor-dispensing instrument, or meter, via contact areas located
near the rear or contact end of the test sensor and becomes the measured output.

[004] Drawing blood each time a glucose reading is desired is an inconvenient and
invasive procedure. Moreover, drawing blood is undesirable because of the resulting pain,
discomfort, and risk of infection often experienced by the patient each time a blood sample is
taken.

[005] To assist in minimizing the disadvantages associated with invasive analyte-testing
procedures, the concentration of a desired analyte may be continuously monitored.
Continuous monitoring generally includes a portable test sensor module being borne by a
patient. The sensor module collects data, which may include a parameter correlated with the
concentration of the measured analyte. The sensor module may be placed over the patient’s
skin. Alternatively, a portion (e.g., the testing portion) of the sensor module may be placed

under the patient’s skin. Although placing the sensor module underneath the patient’s skin
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does not eliminate pain, discomfort, and/or risk of infection associated therewith, it may
reduce these disadvantages because the patient need only be pricked once to obtain multiple
measurement data or readings.

[006] For added convenience, continuous analyte monitoring systems may be wireless.
A portable sensor module of a wireless continuous monitoring system includes a transmitter
tio wirelessly transmit data signals to a remote monitoring device (RMD). The RMD may, for
éxample, be worn around the neck of a patient using a neck strap, shoulder strap, belt clip, or
other suitable means. The RMD generally includes a wireless receiver to receive the data
signals from the sensor module, a mechanism to interpret the data collected by the sensor
module, and a data memory for storage of the interpreted data. The RMD may be equipped
to communicate with other devices including, but not limited to, devices that may modify the
rate of intravenous drip of drugs, glucose, insulin, drugs, pain killers, chemotherapeutic
agents, or the like based on information received from the RMD.

[007] One problem associated with typical wireless continuous monitoring systems
includes loss of data signals due to, for example, the receiver being out of range, being in an
“off” position, interference in the communication link, or the like. Because the patient may
become separated from the RMD, the data signal transmitted by the sensor module may not
reach the RMD. Thus, analyte concentration measurements may be permanently lost. Thus,
each sensor module must be maintained no more than a certain distance away from the RMD
to ensure that each data measurement will be successfully transmitted.

[008] Furthermore, wireless continuous monitoring systems typically include a single
sensor module associated with a single RMD. Thus, the patient is generally the only person
who receives immediate notification if dangerous analyte concentration levels are reached.
This may be undesirable for several reasons. For example, an RMD is generally kept on or
near a child whose glucose levels are being monitored. Thus, a parent sleeping in another
room generally may not monitor the glucose activity and generally will not be alerted when
the child’s glucose levels become dangerously low (hypoglycemic) or high (hyperglycemic).
{009] Similarly, requiring a separate RMD for each sensor module may be undesirable.
For example, in an institutional (e.g., hospital) setting, it is typically necessary that a
caregiver monitor a different RMD associated with each patient wearing a sensor module.
This may be both costly and inconvenient. Moreover, the limited transmission distance

associated with typical wireless continuous analyte monitoring systems makes it difficult, if
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not impossible, for a caregiver to monitor the analyte concentration levels of a patient located
at greater distances from the caregiver’s station.
[0010] It would be desirable to have a wireless continuous monitoring system that assists

in addressing one or more of the above disadvantages.

SUMMARY OF THE INVENTION

[0011] According to one embodiment of the present invention, a system for monitoring a
concentration of an analyte in a fluid or tissue sample is disclosed. The system comprises a
éensor module adapted to be borne on a patient. The sensor module includes a power supply
adapted to provide a transmission power, a first transceiver adapted to transmit analyte-
concentration information, and a memory. The system further comprises a remote
monitoring device adapted to wirelessly communicate with the sensor module. The remote
monitoring device includes a second transceiver adapted to receive the analyte-concentration
information transmitted by the sensor module and adapted to transmit a signal to the sensor
module confirming that the analyte-concentration information was received. The information
is stored in the memory until the signal is received by the sensor module.

[0012] According to a process of the present invention, a method of monitoring a
concentration of an analyte in a fluid or tissue sample is disclosed. The method comprises
the act of obtaining a 'measurement corresponding with the analyte concentration using a
sensor module. The sensor module includes a memory and a power supply adapted to supply
a transmission power. The method further comprises the act of transmitting the measurement
to a remote monitoring device using the transmission power. The method further comprises
the act of, upon receiving the measurement, transmitting a signal from the remote monitoring
device to the sensor module. The method further comprises the act of, upon receiving the
signal, removing the measurement from the memory.

[0013] According to another embodiment of the present invention, a system for
monitoring an analyte concentration of one or more patients is disclosed. The system
comprises a first sensor module adapted to be borne on a first patient. The first sensor
module includes a first transceiver adapted to transmit analyte-concentration data associated
with the first patient. The system further comprises a second sensor module adapted to be
borne on a second patient. The second sensor module includes a second transceiver adapted
to transmit analyte-concentration data associated with the second patient. The system further

comprises a remote monitoring device including a third transceiver adapted to receive the
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analyte-concentration data wirelessly transmitted by one or more of the first and second
sensor modules. The first and second transceivers are adapted to transmit data to one another
and to the remote monitoring device.

[0014] According to another embodiment of the present invention, a system for
monitoring an analyte concentration of one or more patients is disclosed. The system
comprises a sensor module adapted to be borne on a patient. The sensor module includes a
transceiver adapted to transmit analyte-concentration data associated with the patient. The
system further comprises more than one remote monitoring device. Each of the remote
rﬁonitoring devices includes a second transceiver adapted to receive the analyte-concentration
data wirelessly transmitted by the sensor module.

[0015] The above summary of the present invention is not intended to represent each
embodiment, or every aspect, of the present invention. Additional features and benefits of

the present invention are apparent from the detailed description and figures set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a perspective view of the components of a system according to one

embodiment of the present invention.

[0017] FIG. 2 is a functional block diagram of the components according to one
embodiment.
[0018] FIG. 3 is a flow diagram detailing a method according to one embodiment of the

present invention.

[0019] FIG. 4 is a flow diagram detailing a method according to another embodiment of
the present invention.

[0020] FIG. 5a is a perspective view of a system including multiple sensor modules and a
single remote monitoring device, according to one embodiment of the present invention.
[0021] FIG. 5b is a perspective view of a system including a single sensor module and
multiple remote monitoring devices, according to another embodiment of the present
invention.

[0022] FIG. Sc is a perspective view of a system including multiple sensor modules and
mﬁltiple remote monitoring devices, according to another embodiment of the present

invention.
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[0023] FIG. 5d is a perspective view of a system including multiple sensor modules and
multiple remote monitoring devices, according to another embodiment of the present

invention.

DESCRIPTION OF ILLUSTRATED EMBODIMENTS

[0024] The present invention is directed to a wireless continuous analyte monitoring
system. The system may be used to assist in determining an analyte concentration in a fluid
or tissue sample. Some examples of the types of analytes that may be collected and analyzed
include glucose, lipid profiles (e.g., cholesterol, triglycerides, LDL, and HDL),
nﬁicroalbumin, fructose, lactate, or bilirubin. The present invention is not limited, however,
tb these specific analytes, and it is contemplated that other analyte concentrations may be
determined. The analytes may be in, for example, a whole blood sample, a blood serum
sample, a blood plasma sample, and/or other body fluids like ISF (interstitial fluid). One
non-limiting example of a use of the wireless continuous monitoring system of the present
invention is to determine the glucose concentration in a user’s blood, plasma, or ISF.
Although glucose is the analyte used in many of the examples described herein, it is
contemplated that any suitable analyte may be used in the embodiments of the present
invention.

[0025] Referring to FIG. 1, a wireless continuous monitoring system 10 according to one
embodiment of the present invention is shown. The system 10 includes a portable sensor
module 12 and a remote monitoring device (RMD) 14. The sensor module 12 and the RMD
14 are linked by a wireless data communication link 16. The sensor module 12 may include
any of a variety of devices capable of monitoring one or more selected physiological
conditions or analyte (e.g., glucose) concentrations of a patient and to transmit data taken by
the sensor module 12 to the RMD 14. The sensor module 12 may be borne on any suitable
portion of the patient’s body including, but not limited to, the patient’s arm or abdomen. The
sensor module 12 may be placed over the patient’s skin (i.e., a transdermal sensor), or the
sensor module or a portion thereof may be implanted under the patient’s skin (i.e., an
insertable sensor). The sensor module 12 may be removably secured to the patient’s body
using any suitable means including, but not limited to, adhesive, a bandage, a body or arm
band, or the like.

[0026] The sensor module 12 may be maintained on a patient’s body for extended periods

of time. For example, the patient may wear the sensor module 12 for up to five days or more.
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To minimize the inconvenience to the patient, it is desirable for the sensor module 12 to be as
small as possible. Small, battery-powered sensor modules allow the patient to move freely
about while still permitting the continuous monitoring of relevant patient physiological
conditions or analyte concentrations. Because of such size limitations and desired placement
on a patient’s body, it is often not feasible for the sensor module 12 to include a display for
displaying data measurement values, a device capable of converting collected data into values
useful to the patient, or the like. However, it is contemplated that a low power and/or an
error indicator may be included on the sensor module 12. In one example, an LED is used to
show that the sensor module 12 is working properly. The LED may display a green light if
the sensor module 12 is functioning properly and a red light is the sensor module 12 is
experiencing an error or problem. Other ways of indicating low power or errors in the sensor
module 12 may also be used.
[0027] The RMD 14 may be carried by the patient in his or her pocket, worn around the
patient’s neck using a neck strap, shoulder strap, belt clip, or the like. Carrying the RMD 14
at all times, however, may be inconvenient, heavy, and/or bulky. Thus, the patient it may be
desirable for the patient to remove the RMD 14 and place it in a stationary position (e.g., in
the patient’s home, workplace, or the like).
[0028] The RMD 14 may include a data port 20, which may be connected to a personal
computer 22, a cellular telephone (not shown), or the like via a cable or cord 24. The data
port 20 allows the RMD 14 to communicate with, for example, the personal computer 22 so
that stored glucose readings, concentration trends, and corresponding information may be
transferred to and displayed on the computer 22. The RMD 14 may also wirelessly
communicate with the personal computer 22 (e.g., using Bluetooth or WiFi). The RMD 14
may also include a display (not shown) to display the measurement data, trends, and/or the
like.
[0029] FIG. 2 is a block diagram of the functional components of the sensor module 12
and of the RMD 14. The sensor module 12 includes a unique identifier. The sensor module
further includes an operation device 30 generally including elements required to operate the
sensor module 12 and, thus, to measure a parameter correlating with, for example, the
glucose concentration of the patient at the test site. The function of the operation device 30 is
known to those skilled in the art and, therefore, will not be described further herein. The
measurements are fed to a processor 32. The processor 32, which includes an analog-to-

digital converter, converts the outputs received from the operation device 30 to a suitable
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digital form for transmission to the RMD 14. It is also contemplated that the measurements
may be transmitted using direct analog transmission. Depending on the sensor module 12,
the processor 32 may also include selected information regarding the patient, error checking
means, or the like. The processor 32 may also process received data to a more useful form
ahd/or have other suitable functions. The sensor module 12 further includes a memory unit
39, which may be separate from or associated with the processor 32. The sensor module 12
also includes a power-supply battery 37. The battery 37 may be rechargeable and is adapted
to provide a transmission power to the RMD 14. A voltage monitor (not shown) may be
integrated into the sensor module 12 to alert the patient in a timely manner of the need for
battery exchange or recharge.
[0030] Although not necessary, the sensor module 12 may further include an output unit
36. The output unit 36 may issue an audio, visual (e.g., a light), and/or vibrational alarm if a
certain condition(s) is met. For example, an alarm may be activated if a dangerous glucose
value (i.e., dangerously high or low) is detected by the sensor module 12 Alternatively or
additionally, the alarm may be activated if the sensor module 12 loses communication with
the RMD 14. Thus, the output unit 36 may provide additional protection for the patient. The
output unit 36 may be chosen for minimum size and consumption of battery 37. _
[0031] The output from the processor 32 is provided to a transceiver 38. Any suitable
type of transceiver 38 may be built into the sensor module 12 including, but not limited to the
MaxStream® Xbee™ OEM RF module (MaxStream, Inc., Lindon, Utah) (“the MaxStream®
module”), which operates generally within the ISM 2.4 GHz frequency band. Low-power
systems, such as the MaxStream® module, may be desirable for use in longer-term analyte
sensor modules.
[0032] The transceiver 38 provides the output from the processor 32 to a receiving
antenna 40 (see FIG. 1), which also operates to receive wireless data. The transceiver 38
and/or the antenna 40 may be infra-red (IR) elements, radio frequency (RF) elements, or
other suitable radiation transceiving elements. Radiation outputted by the transceiver 38 is,
thus, received by one or more of the antenna 40 or other receiving devices suitably positioned
on or in the RMD 14,
[0033] The receiving devices (e.g., antenna 40) are connected to a second transceiver 42
positioned within the RMD 14. Information received at the second transceiver 42 is provided
to a CPU 44. The CPU 44 may perform further processing on the received information. The

CPU 44 may selectively store such information, either in received form or in processed form,
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in temporary or bulk storage devices 48. Information is communicated between the
transceiver 38 and the second transceiver 42 via the communication link 16, which is
preferably a wireless communication link.

[0034] Furthermore, it may be desirable for a communications protocol facilitating
communication with cellul'ar phones, wireless computer networks, and the like, to be used.
One non-limiting example of a communication protocol that may be used in the embodiments
of the present invention is the 802.15.4 standard. The 802.15.4 standard offers a low data
rate and power management functions to ensure low power consumption. Preferably, the
transceiver 38 operates in the 2.4 GHz frequency band, in which there are 16 channels, each
addressable by 16-bit or 64-bit addressing. For communication with cellular phones, the
processor 32 and the CPU 44 are programmed to format data communicated across the
communication link 16 according to any number of cellular data protocols, such as one
compatible with the Short Message Service (SMS) of the CDMA or GSM cellular protocols.
In one embodiment, data representative of the patient’s monitored analyte concentrations may
be sent as a text message across the SMS service to a cellular phone in lieu of or in addition
to the RMD 14. Other information may also be sent, including information indicative of an
alarm (for example, in response to a hypoglycemic or hyperglycemic glucose level), a signal
indicative of a loss of communication with the RMD 14 (for example, if the patient leaves the
RMD 14 at a location). Still other information that can be transmitted from the sensor
module 12 to the RMD 14 is mentioned below and can also be transmitted to a cellular phone
as a data message. In other aspects, the RMD 14 may communicate with a cellular phone by
transmitting image data associated with the concentration levels (e.g., a graph showing
historical measured levels over a period of time) or information indicating a loss of
communication with the sensor module 12 (e.g., communication attempts between the RMD
14 and the sensor module 12 repeatedly failed over a period of time, whereupon the RMD 14
sends an SMS message to the cellular phone indicating the loss of communication with the
sensor module 12). .

[0035] The RMD 14 may then be linked to the computer 22 using the cable or cord 24.
Upon linking the RMD 14 to the computer 22, the information is transferred from the storage
device 48 to the computer 22 for further processing. Images indicative of such received
information may be displayed on one or more displays (e.g., display 50 of FIG. 1) of the

computer 22. Thus, the patient’s relevant analyte concentration(s) and/or trends thereof may
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be monitored. The computer 22 may display the data in any suitable way including alpha-
numerically, graphically, combinations thereof, or the like.

[0036] A unique sequence identifier (e.g., an index number) is assigned to each data
measurement. As measurement data are collected, the sequence identifier is incremented.
Thus, the software of the RMD 14 has a sequence identifier linked to the measurement data.
The RMD 14 generally includes a real-time clock such that a time and/or date may be
associated with each sequence identifier and, thus, with each data measurement. In another
embodiment, the sensor module 12 includes a real-time clock. The time/date stamp may
éltematively be used as the sequence identifier, as each time/date stamp will be unique. The
sequence identifier is used to keep track of what data is transmitted from the sensor module
12 to the remote monitoring device 14. When measurement data are transmitted, the
sequence identifier associated with the most recent data measurement not yet transmitted is
logged by the sensor module 12. Alternatively, the sensor module 12 stores the range of
sequence identifiers associated with the measurement data transmitted from the sensor
module 12.

[0037] In another aspect of the present invention, the RMD 14 may transmit a signal to
the sensor module 12 indicative of a request for data measured during a certain time period,
such as the previous two hours. According to this aspect, the processor 32 of the sensor
module 12 analyzes the time/date stamps (or the sequence identifier in embodiments where
the time/date stamp is used as the sequence identifier) to determine which measurement data
fall within the requested time period. The sensor module 12 then transmits to the RMD 14
the measurement data associated with the requested time period.

[0038] The transmission distance between the sensor module 12 and the remote
monitoring device 14 may generally range from about 1 foot to about 100 feet. More
specifically, the transmission distance may range from about 5 feet to about 30 feet. For
example, the MaxSteam® module has a transmission distance of about 100 feet.

[0039] As discussed above, the RMD 14 is often not carried by the patient at all times.
According to the present invention, if the sensor module 12 loses communication with the
RMD 14, all measurement data collected during the period of lost communication are stored
in the memory 39 of the sensor module 12 until communication is restored. Communication
may be lost, for example, when the RMD 14 is out of range (e.g., when a patient fitted with
the sensor module 12 is outside of the transmission distance from the RMD 14), when the

RMD 14 is in an “off” position, when there is interference with the signal, when the patient is
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engaged in heavy exercise, or the like. Thus, when the sensor module 12 becomes
sufficiently close to the RMD 14 such that the wireless exchange of data between the sensor
module 12 and the RMD 14 is restored, the measurement data acquired during the period of
non-communication are transferred from the memory 39 of the sensor module 12 into the
second transceiver 42 of the RMD 14,

[0040] According to one embodiment, to further conserve power, a proximity sensor
(e.g., a reed switch and a magnet) is utilized between the RMD 14 and the sensor module 12.
When the sensor module 12 is within a certain distance from the RMD 14, communication
between the sensor module 12 and the RMD 14 is restored. Alternatively or additionally, the
proximity sensor may be used as a trigger to send data in an ultra low power version. In such
an ultra low power version, to view the data, the display 50 must be within a certain
proximity of the sensor module 12.

[0041] According to one aspect of the present invention, after the sensor module 12
transmits the measurement data to the RMD 14, the sensor module 12 awaits an
acknowledgement signal from the RMD 14 that the measurement data have been successfully
received. In one aspect, when the acknowledgement signal is received from the RMD 14, the
sensor module 12 deletes the measurement data taken during the time period measured. In
another aspect, the measurement data are not deleted until the next regular or scheduled
transmission. The sensor module may store a range of sequence identifiers associated with
the transmitted measurement data in the memory 39 or in the memory associated with the
processor 32. The most recently stored sequence identifier is used as a “place holder” to keep
track of what measurement data was already transmitted so that as the sensor module 12
continues to store subsequent measurement data, it has the ability to remember where the
transmitted data ends and where the non-transmitted data begins. Thus, the sensor module 12
may continue to store subsequent measurement data while waiting for an acknowledgement
from the RMD 14 that the transmitted data was received. Once that acknowledgment signal
is received from the RMD 14 at the sensor module 12, the sensor module 12 may delete the
measurement data associated with the stored sequence identifiers and all historical
measurement data. Any newly stored but not yet transmitted measurement data are thus
preserved in the sensor module 12 for transmission.

[0042] By buffering all measurement data and continuing to buffer measurement data
following a transmission, loss of the measurement data is avoided in at least two ways. First,

historical measurement data is preserved until it can be transmitted successfully to the RMD
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14. In the event of a transmission failure, no measurement data is lost. Second, measurement
data that is accumulated during or following a transmission is preserved until the next
t;'ansmission can be made. The storage of the sequence identifiers prevents measurement
data that is recorded during or following a transmission from being lost or erased. In other
words, only that measurement data that is successfully transmitted and acknowledged by the
RMD 14 as received will be deleted from the memory 39. All other measurement data
(historical or future) is stored until it can be successfully transmitted.

[0043] FIG. 3 illustrates a method according to one embodiment of the present invention.
At step s100, the test sensor module 12 obtains measurement (e.g., analyte concentration)
data. The measurement data is associated with a unique sequence identifier, as described
above, at step s102. The measurement data and corresponding sequence identifier are stored
in the memory 39 of the sensor module 12 at step s104. At determining step s106, whether a
data-transmission triggering event has occurred is determined. A data-transmission
triggering event may include occurrence of an alarm condition (e.g., exceeding a threshold
indicating a hypoglycemic or hyperglycemic condition), passage of a predetermined time
interval, an update request from the RMD 14, or the like. Thus, the sensor module 12, the
RMD 14, or a combination thereof may trigger data transmission. If a data-transmission
triggering event has not occurred, the measurement data continues to be stored in the memory
39 of the sensor module 12 (step s104). On the other hand, if a data-transmission triggering
event has occurred, measurement data is transmitted from the sensor module 12 to the RMD
14 at step s108. Once the measurement data has been transmitted at step s108, whether the
sensor module 12 has received an acknowledgement signal from the RMD 14 that the
measurement data has been received is determined at step s110. If an acknowledgement
signal has not been received, the measurement data is continued to be stored in the memory
39 of the sensor module 12 (step s104). If, on the other hand, an acknowledgement signal is
received, the measurement data may be deleted from the memory 39 of the sensor module 12.
[0044] The storage capacities of the memory 39 of the sensor module 12 and the storage
device 48 of the RMD 14 match the particular applications for which they are intended. For
example, the memory 39 of the sensor module 12 is used primarily for the intermediate
storage of relatively small volumes of data, namely the measurement values stored since the
last time that the sensor module 12 was in communication with the RMD 14. For example,
the capacity of the memory 39 may be approximately 512 kilobits (kb). The memory 39 of

the sensor module 12 may have the capacity to store measurement data for about 48 hours,
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depending on how often concentration measurements are taken. The capacity of the memory
39 may also be less than or greater than the examples provided. For example, the memory 39
of the sensor module 12 may be increased to store, for example, several days of measurement
data. The memory 48 of the RMD 14 is generally substantially larger than the memory 39 of
the sensor module 12 and may store data generated over long time intervals (at least one
week).

[0045] The memory 39 or the memory associated with the processor 32 in the sensor
rﬁodule 12 may store other data (in addition to measurement data and the sequence identifier)
iindicative of the following types of modifiable information, alone or in any combination: (1)
the time and/or date of the last successful transmission; (2) the time and/or date of the last
attempted transmission; (3) one or more alarm thresholds corresponding to one or more
analyte concentration measurements; (4) the type of alarm to be indicated by the output unit
36 (e.g., audible, visual, vibrational, or no alarm); (5) a desired power output level of the
antenna 40; (6) the time interval during which the operation device 30 is to take a
measurement (e.g., every hour or every two hours); (7) the type of analyte to be monitored;
(8) the amount of power remaining in the battery 37; (9) the unique network address of the
sensor module 12, which is used for transmitting information on an available channel in the
communication link 16; or (10) relative aggregate data including, for example, data obtained
during the most recent 1,000 minutes, 1,000 hours, 1,000 days, or other suitable time period.
The sensor module 12 may use the amount of power remaining in the battery 37 to
dynamically adjust the power output of the antenna 40. For example, if the battery 37 power
level is low, the power output of the antenna 40 can be reduced to save battery power. The
output unit 36 may indicate when the power level of the battery 37 becomes too low to
sustain reliable functioning.

[0046] The memory 48 in the RMD 14 device may store data indicative of the following
types of modifiable information, alone or in any combination: (1) the measurement data
transmitted by the sensor module 12 and/or the corresponding sequence identifier(s); (2) one
or more types of errors, such as corrupted data, partially received data, no data, and the like;
(3) a command to send immediately or within a specified time period (a) all measurement
data stored since the last transmission, (b) a selected range of measurement data, or (c)
measurement data conforming to one or more criteria (such as (i) only those measurement
data representing glucose concentrations exceeding a specified level, or (ii) the data

measurement(s) corresponding to the highest measured analyte concentrations); (4) an
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analyte concentration threshold for triggering an alarm that is indicated by the output unit 36
of the sensor module 12; (5) one or more types of alarms to be indicated by the output unit 36
of the sensor module 12, such as an audible alarm, a visual alarm, a vibrational alarm, or no
alarm; (6) a command to retransmit the measurement data; (7) a command for the sensor
module 12 to erase part or all of its memory 39; (8) a command instructing the sensor module
12 to take a measurement immediately and transmit the measurement data to the RMD 14;
(9) a command instructing the sensor module 12 to change its power output level and/or one
ér more power output levels (e.g., low, high, off); (10) data indicating that the RMD 14 will
be unavailable for a specified or unspecified period of time and optionally the nature of the
reason for such unavailability; (11) one or more time intervals during which the sensor
module 12 is to take measurements (e.g., every two hours or every hour); (12) the type(s) of
analyte(s) to be monitored by the sensor monitor 12 (e.g., glucose, lipids, fructose, bilirubin,
and the like); (13) network administration information, such as (a) the network address of the
RMD 14 or the sensor module 12 or (b) a command to the sensor module 12 to change its
network address; (14) a command disallowing an attempted transmission by the sensor
module 12 because it is an unauthorized device; (15) one or more SMS messages for
transmission to a cellular telephone (such as a loss of communication with a sensor module,
with an RMD), image data conveying information about the measurement data (e.g., a graph
of measured analyte levels over a given period of time).

[0047] According to another embodiment of the present invention, the transmission
power of the system 10 may be varied depending on the quality, level, and/or strength of
communication between the sensor module 12 and the RMD 14. For example, the
transmission power is decreased if the level of communication is strong or if battery power is
low. Conversely, the transmission power is generally increased if the level of communication
is weak. In the case where communication has been lost altogether and is not reestablished
after a certain, predetermined time interval, the transmission power level may be reduced to
its normal level, thereby assisting in conserving the life of the battery 37. In one
embodiment, when communication has been lost altogether, the transmission power is
reduced to a minimal level with an intermittent burst of high transmission power to seek to
reestablish communication with the RMD 14. As described below, the transmission power
can also be varied by the RMD 14 by issuing a command to the sensor module 12 to vary the
power. In addition, the sensor module 12 may turn off the antenna 40 until the sensor module

12 needs to transmit data to the RMD 14,
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[0048] In addition to the signals described above, the sensor module 12 may receive
various other types of signals from the RMD 14. The signals sent from the RMD 14 to the
sensor module 12 may include any one or more of the following: (1) a signal indicative of an
acknowledgement that data transmitted from the sensor module 12 was received by the RMD
14; (2) a signal indicative of an error in the transmission of data received from the sensor
module 12 (e.g., the data was corrupted during transmission); (3) a signal indicative of a
command by the RMD 14 to the sensor module 12 to send now or within a specified time
period (a) all measurement data stored since the last transmission, (b) a selected range of
measurement data, or (c) measurement data conforming to one or more criteria (such as (i)
only those measurement data representing glucose concentrations exceeding a specified level,
or (ii) the data measurement(s) corresponding to the highest measured analyte
concentrations); (4) a signal indicative of an analyte concentration threshold (e.g., a threshold
indicating a hypoglycemic or hyperglycemic condition) for triggering an alarm that is
indicated by the output unit 36 of the sensor module 12; (5) a signal indicative of the type of
alarm to be indicated by the output unit 36 of the sensor module 12, such as an audible alarm,
a visual alarm, a vibrational alarm, or no alarm; (6) a signal indicative of a command to the
sensor module 12 to retransmit the measurement data; (7) a signal indicative of a command to
erase part or all of the memory 39; (8) a signal indicative of a command instructing the sensor
module 12 to take a measurement now and transmit the measurement data to the RMD 14; (9)
a signal indicative of a command instructing the sensor module 12 to change its power output
level; (10) a signal indicating that the RMD 14 will be unavailable for a specified or
unspecified period of time and, optionally, the nature of the reason for such unavailability;
(11) a signal indicative of the time interval during which the sensor module 12 is to take
measurements (€.g., every two hours or every hour); (12) a signal indicative of the type(s) of
analyte(s) to be monitored by the sensor monitor 12 (e.g., glucose, lipids, fructose, bilirubin,
and the like); (13) a signal indicative of network administration, such as (a) a change in the
network address of the RMD 14 or the sensor module 12 or (b) a command to the sensor
module 12 to change its network address; (14) a signal disallowing the transmission because
the sensor module 12 is an unauthorized device.

[0049] In response to receiving any of the above signals from the RMD 14, the sensor
module may take the following respective actions: (1) erases the measurement data
corresponding to the measurement data transmitted to and acknowledged as received by the

RMD 14; (2) retransmits the measurement data; (3) transmits the requested measurement
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data; (4) changes the analyte concentration threshold for triggering an alarm, which threshold
rhay optionally be stored in the memory 39; (5) changes the type of alarm to be indicated by
the output unit 36, which type may optionally be stored in the memory 39; (6) retransmits the
measurement data; (7) erases part or all of the memory 39; (8) takes a measurement and then
transmits that measurement data to the RMD 14; (9) changes its power output level, which
rhay optionally be stored in the memory 39 (e.g., the sensor module 12 enters a “power
saving” mode); (10) continues to buffer measurement data in the memory 39 until the RMD
14 is available again and thereafter transmitting all buffered measurement data when the
RMD 14 is expected to be available again; (11) changes the time interval during which the
sensor module 12 is to take measurements, which time interval may optionally be stored in
the memory 39; (12) monitors the requested type of analyte; (13) changes the network
address associated with the sensor module 12; (14) attempts to transmit to another RMD in
the network or to another sensor module.

[0050] Referring to FIG. 4, a method according to one embodiment of the present
invention is detailed. At step s200, the RMD 14 provides a signal to the sensor module 12.
The signal may include any type of signal described above or combinations thereof. The
sensor module 12 receives the signal at step s205. Depending on the type of signal produced
and received, the sensor module 12 may modify a parameter of the sensor module software
(step s210) or transmit measurement data from the sensor module 12 to the RMD 14 (step
s215). Sensor parameters that may be modified at step s210 include, for example, analyte-
concentration thresholds for triggering an alarm, the type of alarm, power output levels, the
length of time between measurements, the type(s) of analyte(s) to be monitored, the sensor
module’s network address, combinations thereof, or the like. The transmitting data step
(s215) may be conducted in accordance with the method illustrated in FIG. 3 and described
above.

[0051] According to another embodiment, communication between the sensor module 12
and the RMD 14 are coordinated such that one transmits data at the same time the other is
adapted to receive the data. This may be useful since power may be consumed by the devices
when they are transmitting data as well as when they are receiving data. In one example,
impromptu communication (e.g., an alarm condition) between the sensor module 12 and the
RMD 14 may be preceded by a non-RF trigger to assist in synchronizing the communication

between the sensor module 12 and the RMD 14.
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[0052] According to yet another aspect of the present invention, the wireless continuous
monitoring systems of the present invention may be tailored to the needs of a user. For
example, in FIGs. 5a-d, the systems of the embodiments of the present invention may include
hardware capable of establishing point-to-point communication (see FIG. 5a), point-to-
multipoint communication (see FIGs. 5b, Sc¢), peer-to-peer communication (see peer-to-peer
link between sensor modules 269, 270 in FIG. 5d), or mesh communication (see FIG. 5d).
[0053] In FIG. 5a, multiple sensor modules 260 may transmit respective measurement
data to a single RMD 262. This may be useful, for example, in an institutional (e.g., hospital)
éening where a caregiver may monitor the analyte concentrations of several different patients
6n a single RMD 262.

[0054]) In FIG. 5b, a single sensor module 264 may transmit measurement data to
multiple RMDs 266a,b. The embodiment of FIG. 5b has multiple advantages. For example,
if the sensor module 264 is borne by a child, a first RMD 266a may be located near the child
such that measurement data from the sensor module 12 may be readily transmitted from the
sensor module 12 to the first RMD 266a. An alarm on the first RMD 266a may issue if the
child’s glucose concentration is outside of the normal limits. A second RMD 266b located
near the child’s parent may also (or alternatively) issue an alarm, thereby alerting the parent
that the child’s glucose concentration is outside of the normal limits. This may be
particularly useful, for example, when the child is sleeping, engaged in sports, playing
outside, or the like. According to the embodiment of FIG. Sb, the child’s parent need not be
in the same room or even in hearing range of an alarm on the child’s RMD 266a to know that
the child’s glucose concentration is at a dangerous level. Instead of or in addition to an
alarm, the parent may monitor the child’s glucose level in other suitable ways. For example,
the second RMD 266b may include a display for displaying glucose levels, may be connected
to a computer, or the like.

[0055] In embodiments where a wireless continuous monitoring system includes more
than one RMD, as in FIG. 5b, it is contemplated that in certain circumstances, the sensor
module 264 may be in communication with less than all of the RMDs 266a,b. In such a
circumstance, the sensor module may include internal software allowing it to store
measurement data in a memory (as described above) until it receives a signal from each of the
RMDs 266a,b with which it is intended to communicate, indicating that all of the RMDs have
successfully received the transmitted measurement data. Once all of the signals are received,

the measurement data may be erased from the memory.
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[0056] Because each sensor module has its own unique identifier associated therewith,
multiple sensor modules may communicate with a single RMD. FIG. 5¢ shows multiple
sensor modules 267a,b communicating with multiple receivers. In the embodiment of FIG.
Sc, a first sensor module 267a is in communication with a first RMD 268a and a common
RMD 268b. A second sensor module 267b is in communication with a second RMD 268¢
and the common RMD 268b. Such an embodiment may be desirable, for example, where
two children in the same household are monitoring their glucose levels (e.g., on RMDs 268a,
268c) and a parent is monitoring the glucose levels of both children (e.g., on the central RMD
268b). Alternatively, this embodiment may be desirable in an institutional setting where two
patients are individually monitoring their glucose levels (e.g., on RMDs 268a, 268¢) and a
caregiver is monitoring the glucose levels of both patients (e.g., on the central RMD 268b).
[0057] Referring now to FIG. 5d, a mesh system is shown in which data may be
transmitted peer-to-peer between multiple sensor modules (e.g., sensor module 269 to sensor
module 270) and from a sensor module (e.g., sensor module 272) to an RMD (e.g., RMD
274). The mesh system shown in FIG. 5d can reconfigure broken or blocked communication
links by hopping from sensor module to sensor module until the destination is reached. Thus,
a sensor module may transmit measurement data to an RMD outside its range by passing the
measurement data through other sensor modules located at distances closer to the RMD via
internal software. The transmission distance between the sensor module (e.g., sensor module
269) and the RMD 274 is thereby significantly increased. This embodiment may be
particularly useful, for example, in institutional settings (e.g., hospitals) in which patients
wearing sensor modules are located generally near each other but are located a substantial
distance from the RMD 274. Thus, a single RMD 274 at, for example, a nurse’s station, may
allow the caregiver to monitor many sensor modules on many different patients.

[0058] In networks such as the mesh network shown in FIG. 5d enabling peer-to-peer
communication, each sensor module can communicate uni-directionally or bi-directionally
with other sensor modules in the network. In one aspect, if a memory in one sensor module
becomes too full to store any further measurement data, that sensor module can “forward”
subsequent measurement data to a proxy sensor module for storage until the sensor module
has successfully transmitted its measurement data to an available RMD and erased its
memory contents. The proxy sensor module can then retransmit the forwarded measurement
data back to the sending sensor module when it has free memory space. In another aspect, if

a sensor module loses communication with an RMD, it can pass its data to another proxy
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sensor module for transmission to an RMD. In this aspect, the originating sensor module also
transmits identification information, such as its network address, along with the sequence
identifiers and measurement data so that its origin can be ascertained by the RMD. The
originating sensor module also sends a signal to the proxy sensor module indicative of a
command to forward the forthcoming measurement data to the RMD. Thus, when the proxy
sensor module receives the measurement data, it transmits the data to the RMD along with
the identification information so that the RMD knows that this data is associated with a
sensor module different from the sensor module sending the data.

[0059] Peer-to-peer configurations also allow the RMD to issue system-level commands
or instructions to all sensor modules in the network without having to broadcast the command
or instruction multiple times to each sensor module. In one aspect, the RMD sends a
command or instruction to one sensor, which forwards it to all peers in the network in relay
fashion.

[0060] In another embodiment, the RMD is adapted to receive data from a first sensor
module to assist in calibrating a second sensor module. The first sensor module may, for
example, have been used during a previous monitoring period, and the second sensor module
may be used for a subsequent monitoring period. The RMD in this embodiment may inform
a user when to replace the first sensor module with the second sensor module.

[0061] In yet another embodiment, the RMD may be adapted to communicate with an
independent device that may be adjusted based on information transmitted from the RMD.
For example, the RMD may communicate with a device connected to an intravenous drip
providing, for example, glucose, insulin, drugs, pain killers, chemotherapeutic agents, or the
like based on information received from the RMD.

[0062] The hardware of the sensor modules of the embodiments of the present invention
may allow for multiple software-selectable frequencies. The 802.15.4 protocol operating in
the 2.4 GHz frequency band allows for up to 16 different connections without sharing a
channel. However, the 802.15.4 protocol includes two software addressing modes, 16-bit
short and 64-bit IEEE addressing. By using software addressing within each channel,
systems according to the present invention can accommodate 65,536 sensor modules (using
16-bit short addressing), each having its own network-addressable transceiver, on the same
channel. In order to transmit on a channel, the sensor module would wait until it is addressed

individually before using the channel. This may be useful, for example, in an institutional
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(e.g., hospital or hospital ward) setting where hundreds or even thousands of sensor modules
could be operating at any given time.

[0063] In any of the foregoing aspects or embodiments described herein, data
communicated across the wireless communication link between the sensor modules and the
one or more RMD units may be encrypted for increased security and compliance with privacy
regulations. The sensor module and RMD would include encryption and decryption modules
that would also include appropriate keys for ciphering/deciphering the data. Alternately, the
data communicated across the wireless communication link may be ciphered in such a way
that renders it very difficult to recreate the original message without the proper cipher.

ALTERNATIVE EMBODIMENT A

[0064) A system for monitoring a concentration of an analyte in a fluid or tissue sample
comprising:

a sensor module adapted to be borne on a patient, the sensor module including a
power supply adapted to provide a transmission power, a first transceiver adapted to transmit
analyte-concentration information, and a memory; and

a remote monitoring device adapted to wirelessly communicate with the sensor
module, the remote monitoring device including a second transceiver adapted to receive the
analyte-concentration information transmitted by the sensor module and adapted to transmit a
signal to the sensor module confirming that the analyte-concentration information was
received,

wherein the information is stored in the memory until the signal is received by the
sensor module.

ALTERNATIVE EMBODIMENT B

[0065] The system of Alternative Embodiment A, wherein the sensor module includes a
transdermal test sensor or an insertable sensor.

ALTERNATIVE EMBODIMENT C

[0066} The system of Alternative Embodiment A, wherein the analyte is glucose.

ALTERNATIVE EMBODIMENT D

[0067] The system of Alternative Embodiment A, wherein the transmission power is
fluctuated based on quality, level, or strength of the wireless communication.

ALTERNATIVE EMBODIMENT E

[0068] The system of Alternative Embodiment A, wherein the remote monitoring device

further comprises a device adapted to interpret the analyte-concentration information and an
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information storage device.

ALTERNATIVE EMBODIMENT F

[0069] The system of Alternative Embodiment A, wherein the analyte-concentration
information is stored in the memory when wireless communication with the remote
monitoring device is lost and the analyte-concentration information is transmitted to the
r;'emote monitoring device when the wireless communication is restored.

ALTERNATIVE EMBODIMENT G

[b070] The system of Alternative Embodiment A, wherein the analyte-concentration
information includes measurement data having a sequence identifier being associated
therewith, the sequence identifier being adapted to track whether the measurement data has
been transmitted to the remote monitoring device.

ALTERNATIVE EMBODIMENT H

[0071] The system of Alternative Embodiment A, wherein the analyte-concentration
information is transmitted in response to a transmission triggering event.

ALTERNATIVE EMBODIMENT I

[0072] The system of Alternative Process H, wherein the transmission triggering event
includes exceeding a threshold analyte concentration, passage of a predetermined time
interval, or a signal request from the remote monitoring device.

ALTERNATIVE EMBODIMENT J

[0073] The system of Alternative Embodiment A, further comprising a second sensor
module.

ALTERNATIVE EMBODIMENT K

[0074] The system of Alternative Embodiment J, wherein the second sensor module is
adapted to transmit analyte-concentration data to at least one of the sensor module and the
remote monitoring device.

ALTERNATIVE EMBODIMENT L

[0075) The system of Alternative Embodiment A, further comprising a second remote
monitoring device adapted to wirelessly communicate with the sensor module, the second
remote monitoring device including a third transceiver adapted to receive the analyte-
concentration information transmitted by the sensor module.

ALTERNATIVE EMBODIMENT M

[0076] The system of Alternative Embodiment A, wherein the remote monitoring device

is adapted to be linked to a computer.
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ALTERNATIVE PROCESS N

[0077] A method of monitoring a concentration of an analyte in a fluid or tissue sample,
the method comprising the acts of:

obtaining a measurement corresponding with the analyte concentration using a sensor
module, the sensor module including a memory and a power supply adapted to supply a
transmission power,

transmitting the measurement to a remote monitoring device using the transmission
power;

upon receiving the measurement, transmitting a signal from the remote monitoring
device to the sensor module; and

upon receiving the signal, removing the measurement from the memory.

ALTERNATIVE PROCESS O

[0078] The method of Alternative Process N, further comprising varying the transmission
power based on a level of communication between the sensor module and the remote
monitoring device.

ALTERNATIVE PROCESS P

[0079] The method of Alternative Process N, further comprising storing the measurement
in the memory when communication with the remote monitoring device is lost, and wherein
the act of transmitting the measurement to the remote monitoring device is performed when
the communication is restored.

ALTERNATIVE PROCESS Q

[0080] The method of Alternative Process N, further comprising associating the
measurement with a sequence identifier, the sequence identifier being adapted to track
whether the measurement has been transmitted to the remote monitoring device.

ALTERNATIVE PROCESS R

[0081] The method of Alternative Process N, wherein the act of transmitting the
measurement to a remote monitoring device occurs in response to a transmission triggering
event.

ALTERNATIVE PROCESS S

[0082] The method of Alternative Process R, wherein the transmission triggering event
includes exceeding a threshold analyte concentration, passage of a predetermined time

interval, or a signal request from the remote monitoring device.
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ALTERNATIVE PROCESS T

[0083] The method of Alternative Process N, further comprising: A
obtaining a second data measurement usiné a second sensor module, the second
sensor module including a second memory; and
transmitting the second data measurement to one of the sensor module and the remote
monitoring device. |

ALTERNATIVE PROCESS U

[D084] The method of Alternative Process T, wherein the sensor module is borne by a
first patient and the second sensor module is borne by a second patient.

ALTERNATIVE PROCESS V

[0085] The method of Alternative Process N, further comprising transmitting the data
measurement to a second remote monitoring device.

ALTERNATIVE PROCESS W

[0086] The method of Alternative Process N, further comprising linking the remote
monitoring device to a computer.

ALTERNATIVE EMBODIMENT X

[0087] A system for monitoring an analyte concentration of one or more patients, the
system comprising:

a first sensor module adapted to be borne on a first patient, the first sensor module
including a first transceiver adapted to transmit analyte-concentration data associated with the
first patient;

a second sensor module adapted to be borne on a second patient, the second sensor
module including a second transceiver adapted to transmit analyte-concentration data
associated with the second patient; and

a remote monitoring device including a third transceiver adapted to receive the
analyte-concentration data wirelessly transmitted by one or more of the first and second
sensor modules,

wherein the first and second transceivers are adapted to transmit data to one another
and to the remote monitoring device.

ALTERNATIVE EMBODIMENT Y

[0088] A system for monitoring an analyte concentration of one or more patients, the

system comprising:
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A a sensor module adapted to be borne on a patient, the sensor module including a
transceiver adapted to transmit analyte-concentration data associated with the patient; and
more than one remote monitoring device, each of the remote monitoring devices
ihcluding a second transceiver adapted to receive the analyte-concentration data wirelessly
transmitted by the sensor module.
[0089] While the invention is susceptible to various modifications and alternative forms,
§peciﬁc embodiments are shown by way of example in the drawings and are described in
detail herein. It should be understood, however, that the invention is not intended to be
limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by

the appended claims.
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CLAIMS:
1. A system for monitoring a concentration of an analyte in a fluid or

tissue sample comprising:

a sensor module adapted to be borne on a patient, the sensor module including

a power supply adapted to provide a transmission power, a first transceiver adapted to
5 transmit analyte-concentration information, and a memory; and

a remote monitoring device adapted to wirelessly communicate with the
sensor module, the remote monitoring device including a second transceiver adapted
to receive the analyte-concentration information transmitted by the sensor module and
adapted to transmit a signal to the sensor module confirming that the analyte-

10 concentration information was received,

wherein the information is stored in the memory until the signal is received by
the sensor module.

2. The system of claim 1, wherein the sensor module includes a
transdermal test sensor or an insertable sensor.

15 3. The system of claim 1, wherein the analyte is glucose.

4. The system of claim 1, wherein the transmission power is fluctuated
based on quality, level, or strength of the wireless communication.

5. The system of claim 1, wherein the remote monitoring device further
comprises a device adapted to interpret the analyte-concentration information and an

20 information storage device.

6. The system of claim 1, wherein the analyte-concentration information
is stored in the memory when wireless communication with the remote monitoring
device is lost and the analyte-concentration information is transmitted to the remote
monitoring device when the wireless communication is restored.

25 7. The system of claim 1, wherein the analyte-concentration information
includes measurement data having a sequence identifier being associated therewith,
the sequence identifier being adapted to track whether the measurement data has been
transmitted to the remote monitoring device.

8. The system of claim 1, wherein the analyte-concentration information

30 is transmitted in response to a transmission triggering event.
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9. The system of claim 8, wherein the transmission triggering event
includes exceeding a threshold analyte concentration, passage of a predetermined time
interval, or a signal request from the remote monitoring device.

10. The system of claim 1, further comprising a second sensor module.

11. The system of claim 10, wherein the second sensor module is adapted
to transmit analyte-concentration data to at least one of the sensor module and the
remote monitoring device.

12. The system of claim 1, further comprising a second remote monitoring
device adapted to wirelessly communicate with the sensor module, the second remote
monitoring device including a third transceiver adapted to receive the analyte-
concentration information transmitted by the sensor module.

13. The system of claim 1, wherein the remote monitoring device is
adapted to be linked to a computer.

14, A method of monitoring a concentration of an analyte in a fluid or
tissue sample, the method comprising the acts of:

obtaining a measurement corresponding with the analyte concentration using a
sensor module, the sensor module including a memory and a power supply adapted to
supply a transmission power;

transmitting the measurement to a remote monitoring device using the
transmission power;

upon receiving the measurement, transmitting a signal from the remote
monitoring device to the sensor module; and

upon receiving the signal, removing the measurement from the memory.

15. The method of claim 14, further comprising varying the transmission
power based on a level of communication between the sensor module and the remote
monitoring device.

16. The method of claim 14, further comprising storing the measurement
in the memory when communication with the remote monitoring device is lost, and
wherein the act of transmitting the measurement to the remote monitoring device is
performed when the communication is restored.

17. The method of claim 14, further comprising associating the
measurement with a sequence identifier, the sequence identifier being adapted to track

whether the measurement has been transmitted to the remote monitoring device.
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18. The method of claim 14, wherein the act of transmitting the
measurement to a remote monitoring device occurs in response to a transmission
triggering event. |

19. The method of claim 18, wherein the transmission triggering event
includes exceeding a threshold analyte concentration, passage of a predetermined time
interval, or a signal request from the remote monitoring device.

20. The method of claim 14, further comprising;:

obtaining a second data measurement using a second sensor module, the
second sensor module including a second memory; and

transmitting the second data measurement to one of the sensor module and the
remote monitoring device.

21. The method of claim 20, wherein the sensor module is borne by a first
patient and, the second sensor module is borne by a second patient.

22. The method of claim 14, further comprising transmitting the data
measurement to a second remote monitoring device.

23. The method of claim 14, further comprising linking the remote
monitoring device to a computer.

24. A system for monitoring an analyte concentration of one or more
patients, the system comprising:

a first sensor module adapted to be borne on a first patient, the first sensor
module including a first transceiver adapted to transmit analyte-concentration data
associated with the first patient;

a second sensor module adapted to be borne on a second patient, the second
sensor module including a second transceiver adapted to transmit analyte-
concentration data associated with the second patient; and

a remote monitoring device including a third transceiver adapted to receive the
analyte-concentration data wirelessly transmitted by one or more of the first and
second sensor modules,

wherein the first and second transceivers are adapted to transmit data to one
another and to the remote monitoring device.

25. A system for monitoring an analyte concentration of one or more

patients, the system comprising:
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a sensor module adapted to be borne on a patient, the sensor module including
a transceiver adapted to transmit analyte-concentration data associated with the
patient; and
more than one remote monitoring device, each of the remote monitoring
s devices including a second transceiver adapted to receive the analyte-concentration

data wirelessly transmitted by the sensor module.
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METHOD, SYSTEM AND COMPUTER PROGRAM PRODUCT FOR REAL-
TIME DETECTION OF SENSITIVITY DECLINE IN ANALYTE SENSORS

RELATED APPLICATION

This application claims priority to U.S. Provisional Application No. 60/854,566
entitled “Method, System and computer program product for real-time detection of
sensitivity decline in continuous glucose sensors (CGS)” filed on October 26, 2006, the
disclosure of which is incorporated herein by reference for all purposes. This
application is related to U.S. Application No. 11/925,689 of Marc D. Breton et al., filed
October 26, 2007, the disclosure of which is incorporated herein by reference for all

purposes.

BACKGROUND

Analyte, e.g., glucose monitoring systems including continuous and discrete
monitoring systcms gencrally include a small, lightweight battcry powercd 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 certain analyte monitoring systems include a
transcutaneous or subcutaneous analyte sensor configuration which is, for example,
partially mounted on the skin of a subject whose analyte level is to be monitored. The
sensor cell may use a two or three-clectrode (work, reference and counter electrodes)
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 patient 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 transmitter
unit. The transmitter unit is configured to transmit the analyte levels detected by the
sensor over a wireless 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.

In vicw of thc forcgoing, it would bec dcesirablc to have an accuratc asscssment of
the glucose level fluctuations, and in particular, the detection of analyte sensor signal

drop outs of sensor sensitivity referred to as Early Signal Attenuation (ESA).
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SUMMARY OF THE DISCLOSURE

In one embodiment, method, system and computer program product for
receiving a plurality of analyte sensor related signals, determining a probability of
signal attenuation associated with the received plurality of analyte sensor related
signals, verifying the presence of signal attcnuation when the determined probability
exceeds a predetermined threshold level, and generating a first output signal associated
with the verification of the presence of signal attenuation, are disclosed.

These and other objects, features and advantages of the present disclosure will
become more fully apparent from the following detailed description of the

embodiments, the appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a data monitoring and management system
for practicing one or more embodiments of the present disclosure;

FIG. 2 is a block diagram of the transmitter unit of the data monitoring and
management system shown in FIG. 1 in accordance with one embodiment of the present
disclosure;

FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and
management system shown in FIG. 1 in accordance with one embodiment of the present
disclosure;

FIGS. 4A-4B illustrate a perspective view and a cross sectional view,
respectively of an analyte sensor in accordance with one embodiment of the present
disclosure;

FIG. 5 is a block diagram illustrating real time early signal attenuation (ESA) in
one embodiment of the present disclosure;

FIG. 6 is a flowchart illustrating an overall ESA detection routine in accordance
with one embodiment of the present disclosure;

FIG. 7 is a flowchart illustrating real-time detection of sensor current
abnormalities described in conjunction with module 1 of FIG. 5 in accordance with one

embodiment of the present disclosure;
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FIG. 8 is a flowchart illustrating verification routine of module 2 in FIG. 5 to
confirm or reject the output of module 1 in accordance with one embodiment of the
present disclosure;

FIG. 9 illustrates a real time current signal characteristics evaluation approach
based on a sliding window process of module 1 in FIG. 5 in accordance with one
cmbodiment of the present disclosure;

FIG. 10 illustrates bootstrap estimation of coefficients for module 1 of FIG. 5 in
accordance with one embodiment of the present disclosure;

FIG. 11 illustrates Gaussian kernel estimation of the normalized sensitivity
density of module 2 of FIG. 5 in accordance with one embodiment of the present
disclosure; and

FIG. 12 illustrates output curve of the first module compared with the output
curve of the combined first and second modules of FIG. 5, based on a predetermined
test data set and detection threshold of FIG. 7 in accordance with embodiment of the

present disclosure.

DETAILED DESCRIPTION

As described in further detail below, in accordance with the various
embodiments of the present disclosure, there is provided method, system and computer
program product for real time detection of analyte sensor sensitivity decline in data
processing and control systems including, for example, analyte monitoring systems. In
particular, within the scope of the present disclosure, there are provided method, system
and computer program product for the detection of episodes of low sensor sensitivity
that may cause clinically significant sensor related errors, including, for example, early
sensor attenuation (ESA) represented by sensor sensitivity (defined as the ratio between
the analyte sensor current level and the blood glucose level) decline which may exist
during the initial 12-24 hours of the sensor life, or during night time use of the analyte
sensor (“night time drop outs™).

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 disclosure. The subject disclosure is further described
primarily with respect to a glucose monitoring system for convenience and such

description is in no way intended to limit the scope of the disclosure. It is to be
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understood that the analyte monitoring system may be configured to monitor a variety
of analytes, e.g., lactate, and the like.

Analytes that may be monitored include, for example, acetyl choline, amylase,
bilirubin, cholesterol, chorionic gonadotropin, creatine kinase (¢.g., CK-MB), creatine,
DNA, fructosamine, glucose, glutamine, growth hormones, hormones, ketones, lactate,
peroxide, prostatc-specific antigen, prothrombin, RNA, thyroid stimulating hormonc,
and troponin. The concentration of drugs, such as, for example, antibiotics (c.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 is 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
receive data directly from the transmitter unit 102 via a communication link which may
optionally be configured for bi-directional communication.

Also shown in FIG. 1 is a secondary receiver unit 106 which is operatively
coupled to the communication link 103 and configured to receive data transmitted from
the transmitter unit 102. Moreover, as shown in the Figure, the secondary receiver unit
106 is 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 wircless communication with cach of the primary receiver unit 104 and
the data processing terminal 105. As discussed in further detail below, in one
embodiment of the present disclosure, the secondary receiver unit 106 may be
configured to include a limited number of functions and features as compared with the
primary receiver unit 104. As such, the secondary receiver unit 106 may be configured
substantially in a smaller compact housing or embodied in a device such as a wrist
watch, for example. Alternatively, the secondary receiver unit 106 may be configured
with the same or substantially similar functionality as the primary receiver unit 104, and
may be configured to be used in conjunction with a docking cradle unit for placement

by bedside, for night time monitoring, and/or bi-directional communication device.
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Only one sensor 101, transmitter unit 102, communication link 103, and data
processing terminal 105 are shown in the embodiment of the analyte monitoring system
100 illustrated in FIG. 1. However, it will be appreciated by one of ordinary skill in the
art that the analyte monitoring system 100 may include one or more sensor 101,
transmitter unit 102, communication link 103, and data processing terminal 105.
Morcovcr, within the scopc of the present disclosure, 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 is configured to be uniquely
identified by each of the other devices in the system so that communication conflict is
readily resolved between the various components within the analyte monitoring system
100.

In one embodiment of the present disclosure, the sensor 101 is physically
positioned in or on the body of a user whose analyte level is 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 is coupled to the
sensor 101 so that both devices are positioned on the user's body, with at least a portion
of the analyte sensor 101 positioned transcutaneously 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 receiver unit 104 via the communication link 103.

In one embodiment, the analyte monitoring system 100 is configured as a one-
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 received. For example, the
transmitter unit 102 may be configured to transmit the encoded sampled data signals at a
fixed rate (e.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.
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Additionally, in one aspect, the primary receiver unit 104 may include two
sections. The first section is an analog interface section that is configured to
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
receiving and amplifying the data signals from the transmitter unit 102, which are
thercafter, demodulated with a local oscillator and filtcred through a band-pass filter.
The second section of the primary receiver unit 104 is a data processing section which is
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 receiver unit
104 is configured to detect the presence of the transmitter unit 102 within its range
based on, for example, the strength of the detected data signals received from the
transmitter unit 102 or predetermined transmitter identification information. Upon
successful synchronization with the corresponding transmitter unit 102, the primary
receiver unit 104 is configured to begin receiving from the transmitter unit 102 data
signals corresponding to the user's detected analyte level. More specifically, the
primary receiver unit 104 in one embodiment is 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.

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 (e.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 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 disclosure, the data processing terminal 105 may
include an infusion device such as an insulin infusion pump or the like, which may be
configured to administer insulin to patients, and which may be configured to
communicate with the receiver unit 104 for receiving, among others, the measured
analyte level. Alternatively, the receiver unit 104 may be configured to integrate an

infusion device therein so that the receiver unit 104 is configured to administer insulin
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therapy to patients, for example, for 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 unit 102, the primary receiver unit 104 and the data
processing terminal 105 may each be configured for bi-directional wireless
communication such that cach of the transmittcer unit 102, the primary rceciver unit 104
and the data processing terminal 105 may be configured to communicate (that is,
transmit data to and receive data from) with each other via the wireless communication
link 103. More specifically, the data processing terminal 105 may in 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
insulin 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 infrared 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 is a block diagram of the transmitter of the data monitoring and detection
system shown in FIG. 1 in accordance with one embodiment of the present disclosure.
Referring to the Figure, the transmitter unit 102 in one embodiment includes an analog
interface 201 configured to communicate with the sensor 101 (FIG. 1), a user input 202,
and a temperature measurement section 203, each of which is operatively coupled to a
transmitter processor 204 such as a central processing unit (CPU)).

Further shown in FIG. 2 are a transmitter serial communication section 205 and
an RF transmitter 206, each of which is also operatively coupled to the transmitter
processor 204. Morecover, a power supply 207 such as a battery is also provided in the

transmitter unit 102 to provide the necessary power for the transmitter unit 102.
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Additionally, as can be seen from the Figure, a clock 208 is 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) is 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 intcrface 201 of the transmitter unit 102. In onc ecmbodiment, cach of the
work electrode (W) 210, guard contact (G) 211, reference electrode (R) 212, and
counter electrode (C) 213 may be made using a conductive material that is either printed
or etched, for example, such as carbon which may be printed, or metal foil (e.g., gold)
which may be etched, or alternatively provided on a substrate material using laser or
photolithography.

In one embodiment, a unidirectional input path is 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 is established from the output of
the RF transmitter 206 of the transmitter unit 102 for transmission to the primary
receiver unit 104. In this manner, a data path is shown in FIG. 2 between the
aforementioned unidirectional input and output via a dedicated link 209 from the analog
interface 201 to serial communication section 205, thereafter to the processor 204, and
then to the RF transmitter 206. As such, in one embodiment, via the data path described
above, the transmitter unit 102 is 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 is 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 identification information
for the transmitter unit 102, as well as the data signals received from the sensor 101.

The stored information may be retrieved and processed for transmission to the primary
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receiver 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 is also configured such that the power supply section
207 is capable of providing power to the transmitter for a minimum of about three
months of continuous operation after having been stored for about eighteen months in a
low-powcr (non-opcrating) mode. In onc cmbodiment, this may be achicved by the
transmitter processor 204 operating in low power modes in the non-operating state, for
example, drawing no more than approximately 1 pA of current. Indeed, in one
embodiment, the final step during the manufacturing process of the transmitter unit 102
may place the transmitter unit 102 in the lower power, non-operating state (i.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 is shown as coupled to the processor 204, and as such, the processor 204 is
configured to provide control of the power supply unit 207, it should be noted that
within the scope of the present disclosure, the power supply unit 207 is configured to
provide the necessary power to each of the components of the transmitter unit 102
shown in FIG. 2.

Referring back to FIG. 2, the power supply section 207 of the transmitter unit
102 in one embodiment may include a rechargeable battery unit that may be recharged
by a separate power supply recharging unit (for example, provided in the receiver unit
104) so that the transmitter unit 102 may be powered for a longer period of usage time.
Moreover, in 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 is configured to monitor the temperature of the skin near the sensor
insertion site. The temperature reading is used to adjust the analyte readings obtained
from the analog interface 201. The RF transmitter 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 is

configured to modulate the carrier frequency by performing Frequency Shift Keying
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and Manchester encoding. In one embodiment, the data transmission rate is 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 is 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 Icak detection circuit 214 in
accordance with one embodiment of the present disclosure may be configured to detect
leakage current in the sensor 101 to determine whether the measured sensor data are
corrupt or whether the measured data from the sensor 101 is accurate.

FIG. 3 is a block diagram of the receiver/monitor unit of the data monitoring and
management system shown in FIG. 1 in accordance with one embodiment of the present
disclosure. Referring to FIG. 3, the primary receiver 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 305, each of which is operatively 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 is
also coupled to the receiver processor 307. Moreover, also shown are a receiver serial
communication section 309, and an output 310, each operatively coupled to the receiver
processor 307.

In one embodiment, the test strip interface 301 includes a glucose level testing
portion to receive a manual insertion 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
receiver 302 is configured to communicate, via the communication link 103 (FIG. 1)
with the RF transmitter 206 of the transmitter unit 102, to receive encoded data signals
from the transmitter unit 102 for, among others, signal mixing, demodulation, and other
data processing. The input 303 of the primary receiver unit 104 is configured to allow
the user to enter information into the primary receiver 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

is configured to provide temperature information of the primary receiver unit 104 to the
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receiver 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 is powered by the power supply 306 which, in one embodiment, includes a battery.
Furthermore, the power conversion and monitoring section 308 is configured to monitor
the power usage by the various components in the primary recciver unit 104 for
effective power management and to alert the user, for example, in the event of power
usage which renders the primary receiver 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 in the primary receiver unit 104 is
configured to provide a bi-directional communication path from the testing and/or
manufacturing equipment for, among others, initialization, 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 is
configured to provide, among others, a graphical user interface (GUI) 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 in handheld electronic devices, such as mobile
telephones presently available. In a 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 in the primary receiver unit 104,
operatively coupled to the processor 307. The processor 307 is further configured to

perform Manchester decoding as well as error detection and correction upon the
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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 receiver unit 105, or the data processing terminal/infusion
section 105 may be configured to receive the blood glucose value wirelessly over a
communication link from, for cxamplec, a glucosc mcter. In still a further cmbodiment,
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 interface (for
example, a keyboard, keypad, and the like) incorporated in the one or more of the
transmitter unit 102, the primary receiver unit 104, secondary receiver unit 105, or the
data processing terminal/infusion section 105.

Additional detailed description of the continuous analyte monitoring system, its
various components including the functional descriptions of the transmitter are provided
in U.S. Patent No. 6,175,752 issued January 16, 2001 entitled "Analyte Monitoring
Device and Methods of Use", and in application No. 10/745,878 filed December 26,
2003 entitled "Continuous Glucose Monitoring System and Methods of Use", each
assigned to Abbott Diabetes Care, Inc., of Alameda, California.

FIGS. 4A-4B illustrate a perspective view and a cross sectional view,
respectively of an analyte sensor in accordance with one embodiment of the present
disclosure. Referring to FIG. 4A, a perspective view of a sensor 400, the major portion
of which is above the surface of the skin 410, with an insertion tip 430 penetrating
through the skin and into the subcutancous space 420 in contact with the user’s biofluid
such as interstitial fluid. Contact portions of a working electrode 401, a reference
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 in one
embodiment is shown. In particular, it can be seen that the various electrodes of the
sensor 400 as well as the substrate and the dielectric layers are provided in a stacked or
layered configuration or construction. For example, as shown in FIG. 4B, in 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
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substrate layer 404, and which may comprise the working electrode. Also shown
disposed on at least a portion of the first conducting layer 401 is a sensing layer 408.

Referring back to FIG. 4B, a first insulation layer such as a first dielectric layer
405 is 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
stackcd on top of at lcast a portion of the first insulation laycr (or diclectric laycr) 405.
As shown in FIG. 4B, the second conducting layer 409 may comprise the reference
electrode 402, and in one aspect, may include a layer of silver/silver chloride
(Ag/AgCl).

Referring still again to FIG. 4B, a second insulation 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 in one
embodiment be disposed on at least a portion of the second insulation layer 406.
Finally, a third insulation layer 407 is disposed or stacked on at least a portion of the
third conducting layer 403. In this manner, the sensor 400 may be configured in a
stacked or layered construction or configuration such that at least a portion of each of
the conducting layers is separated by a respective insulation layer (for example, a
diclectric layer).

Additionally, within the scope of the present disclosure, some or all of the
electrodes 401, 402, 403 may be provided on the same side of the substrate 404 in a
stacked construction as described above, or alternatively, may be provided in a co-
planar manner such that each electrode is disposed on the same plane on the substrate
404, however, with a diclectric material or insulation material disposed between the
conducting layers/electrodes. Furthermore, in still another aspect of the present
disclosure, the one or more conducting layers such as the electrodes 401, 402, 403 may
be disposed on opposing sides of the substrate 404.

FIG. 5 is a block diagram illustrating real time early signal attenuation (ESA) in
one embodiment of the present disclosure. Referring to FIG. 5, in one embodiment, the
overall sensitivity decline detector 500 includes a first module 510 configured to
perform an estimation of the probability of sensitivity decline based on a window of
analyte sensor measurements to determine whether a finger stick measurement of blood

glucose level is necessary. Based on the estimated probability of the sensitivity decline
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performed by the first module 510, when it is determined that the finger stick
measurement of the blood glucose level is necessary, as shown in FIG. 5, in one aspect
of the present disclosure, the second module 520 uses the measured blood glucose value
to verify or otherwise confirm or reject the estimated probability of the sensitivity
decline performed by the first module 510. In one aspect, the second module 520 may
be configurcd to confirm or r¢jcct the results of the first module 510 (c.g., the cstimated
probability of sensitivity decline) based upon a statistical determination.

That is, in one aspect, the first module 510 of the sensitivity decline detector 500
of FIG. 5 may be configured to estimate the probability of the analyte sensor sensitivity
decline based on an analysis of a window of sensor values (for example, current signals
from the analyte sensor for a predetermined time period). More specifically, the first
module 510 may be configured to estimate the probability of the sensor sensitivity
decline based on a sliding window extractor of sensor current signal characteristics, a
model based estimation of the probability of sensitivity decline based on the determined
or retrieved sensor current signal characteristics, and/or a comparison of the estimated
probability to a predetermined threshold value 7.

Referring back to FIG. 5, the logistic estimator 511 of the first module 510 may
be configured in one embodiment to retrieve or extract a sliding window of sensor
current signal characteristics, and to perform the estimation of the probability of the
sensitivity decline based on the sensor current signal characteristics, and to compare the
estimated probability of the sensitivity decline to a predetermined threshold t to
determine, whether verification of the estimated sensitivity decline is desired, or
whether it can be confirmed that ESA or night time drop outs is not detected based on
the estimated probability of the sensitivity decline.

Referring again to FIG. 5, as shown, when it is determined that confirmation or
verification of the estimated probability of the sensitivity decline is desired (based on,
for example, when the estimated probability exceeds the predetermined threshold value
T determined in the first module 510, hypothesis analysis module 521 of the second
module 520 in the sensitivity decline detector 500 in one embodiment receives the
capillary blood measurement from a blood glucose measurement device such as a blood
glucose meter including FreesStyle® Lite, Freestyle Flash®, FreeStyle Freedom®, or
Precision Xtra™ blood glucose meters commercially available from Abbott Diabetes

Care, Inc., of Alameda, California. In one aspect, based on the received capillary blood
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glucose measurement and the analyte sensor current characteristics or values, the
estimated probability of the sensor sensitivity decline may be confirmed or rejected,
thus confirming the presence of ESA or night time drop out (in the event the
corresponding data point is associated with night time sensor current value), or
alternatively, confirming that the ESA or night time drop out is not present.

In the manncr described, in onc aspect of the present disclosure, there is
provided a real time detection routine based on sensor current signal characteristics,
where the detector 500 (FIG. 5) includes a first module 510 configured in one
embodiment to perform the detection and estimation of the probability of the sensor
sensitivity decline, and a second module 520 configured in one aspect to verify the
presence or absence of ESA or night time drop outs based on the probability estimations
determined by the first module 510. Accordingly, in one aspect of the present
disclosure, ESA episodes or night time declines or drop outs maybe accurately detected
while minimizing the potential for false alarms or false negatives.

Referring again to FIG. 5, a sliding window process is used in the first module
510 of the sensor sensitivity estimator 500 in one embodiment to mitigate between the
desire for a real time decision process and the necessity of redundancy for sensor
current characteristics estimation. An example of the sliding window process is
illustrated in accordance with one embodiment of the present disclosure in FIG. 9.

For instance, in one aspect, during the processing performed by the first module
510, at each iteration of the decision process, a time window is selected, and based on
the sensor current signals determined during the selected time window, one or more
predetermined sensor characteristics are determined. By way of nonlimiting examples,
the one or more predetermined sensor characteristics may include the mean
current signal level, the current signal variance, the average slope of the current signal,
and the average sensor life (or the time elapsed since the insertion or transcutaneous
positioning of the analyte sensor).

Thereafter, the selected time window is then slid by a fixed number of minutes
for the next iteration. In one aspect, the width or duration of the time window and the
incremental step size may be predetermined or established to 60 minutes, thus
generating non-overlapping time window to minimize potential correlation between

decisions. Within the scope of the present disclosure, other approaches may be
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contemplated, for example, where the sliding time windows may include time duration
of approximately 30 minutes with an incremental one minute step.

In one aspect, the following expressions may be used to determine the sensor
characteristic estimations discussed above such as, for example, the sensor signal mean,

the average slope and the variance values:

wecn -1
[ } =(X'X) XY
slope

where X 1s a matrix with a column of 1s and a colurm of data index and Y is a colunm vector of current values

variance =— Mi%( current,,,—mean)” where 1 is the index of the first available data point in the time window
—Li=0
Referring back to FIG. 5, after estimating or determining the sensor

characteristics described above, a four-dimensional feature vector corresponding to a
time window of sensor current signal is generated. In one aspect, the generated feature
vector and logistic regression approach may be used to estimate the probability that the
sensor 18 undergoing or experiencing early signal attenuation (ESA) during cach of the
predetermined time window. In one aspect, the logistic regression approach for

determination or estimation of the probability of ESA presence Pr[ESA] may be

expressed as follows:

eXp<ﬂ,xn>
Pr[ESA4 |x,]-= R
_ J _
log (mean,) M
x, = log(varz'ancen)

slope,
| log (senso rlifen)_

In one aspect, the coefficient vector £ plays a significant role in the efficiency of
the sensor signal attenuation estimation. That is, in one embodiment, a predetermined
number of sensor insertions may be used to empirically determine or estimate the model
coefficients. More specifically, in one aspect, a bootstrap estimation procedure may be

performed to add robustness to the model coefficients. For example, a generalized
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linear model fit approach may be applied to a predetermined time period to determine
the coefficient vector . Based on a predefined number of iterations, an empirical
probability distribution function of each coefficient may be determined, for example, as
shown in FIG. 10, where each selected coefficient corresponds to the mode of the
associated distribution.

After the determination of the onc or more scnsor current charactcristics or
parameters, and the determination of the corresponding coefficients, the probability of
ESA presence Pr[ESA] is estimated based on, in one embodiment, the following

expression:

1.511-1.813xl0g rrecn) +0. 1 38xslope-+0.39Mog variance) 0.5 76-dog Sensorl ife)

Xp
Pr[ B4 x| = e

1.511-1.813xd0g{ rrean) +0.158xslope+0.399og variance)-0.576xdog Sensorf ife)

(2)

It is to be noted that within the scope of the present disclosure, the estimation of
the probability of the ESA presence Pr{ESA] as described by the function shown above
may be modified depending upon the design or the associated underlying parameters,
such as, for example, the time of day information, or the detrended variance of the
sensor current signal, among others.

Rcferring yct again to FIG. 5, after the determination of the probability of ESA
presence based on the estimation described above, in one aspect, the estimated
probability is compared to a preselected threshold level, and based on the comparison, a
request for capillary blood glucose measurement may be prompted. In one aspect, the
predetermined threshold level may include 0.416 for comparison with the estimated
probability of ESA presence. Alternatively, within the scope of the present disclosure,
the predetermined threshold level may vary within the range of approximately 0.3 to
0.6.

As described above, in one aspect of the present disclosure, the first module 510
of the sensor sensitivity estimator 500 (FIG. 5) is configured to perform estimation of
the probability of ESA presence based on the characteristics or parameters associated
with the analyte sensor and the sensor current signals. In one embodiment, the second
module 520 of the sensor sensitivity estimator 500 (FIG. 5) may be configured to

perform additional processing based on capillary blood glucose measurement to provide
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substantially real time estimation of the early sensor attenuation (ESA) of the analyte
sensors. That is, since ESA is defined by a drop or decrease of sensitivity (that is, the
current signal of the sensor over the blood glucose ratio), the distribution of the
sensitivity during ESA occurrence is generally lower than the distribution during normal
functioning conditions. Additionally, based on the non linear relation ship between the
scnsor current level and blood glucosc mcasurcments, the ESA presence probability
estimation using capillary blood measurements may be determined using a bin (e.g.,
category) construction approach, as well as the estimation of the empirical distribution
functions of the nominal sensitivity ratio.

More particularly, in one aspect of the present disclosure, the instantaneous
sensitivity (IS) may be defined as the ratio of the actual current value of the analyte
sensor and the actual blood glucose value at a given point in time (defined, for example,
by the expression (a) below. However, due to noise in the signals, for example,
particularly in the case of a stand alone measurement such as a single blood glucose
measurement, the instantancous sensitivity (IS) may be approximated by determining
the average sensor current signal levels around the time of the fingerstick blood glucose

determination, determines, for example, by the expression (b) shown below.

a DS - current,
' ' BG,
1 < (3)
ﬁz current,,
b. IS, = =5
' BG,

Given that each analyte sensor has a different sensitivity, and thus the
instantaneous sensitivity (IS) is highly sensor dependent, the absolute value of the
instantaneous sensitivity (IS) may not provide reliable indication of ESA presence. On
the other hand, during manufacturing, cach analytc scnsor is associatcd with a nominal
sensitivity value. Accordingly, the ratio of the instantaneous sensitivity over the sensor
nominal sensitivity will result in a more sensor independent, reliable ESA detection
mechanism. Accordingly, the sensitivity ratio Rg(t) at time t may be defined in one

aspect as follows:
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5
IS() 1 Zcurrentm.

R, = = = 4
WS 11 x BG, @

nominal

nominal

Referring to the discussion above, the blood glucose bin/category construction
approach in onc cmbodiment may include dcfining a transformation of the blood
glucose measurement scale which rectifies a discrepancy between the measured and
estimated blood glucose values. That is, in one aspect, the defined transformation
approach corresponds to or is associated with a typical distribution of blood glucose
levels. For example, the transformation approach defining the various bins/categories

may be determined based on the following expression:

r=1.509 x g% PeleeBO 338 ere BG s in mg/dl )

where the following scaled glucose bins may be defined:

r < -2, severe hypoglycemia

-2 <=r <-1, mild hypoglycemia
-1 <=r <0, low cuglycemia

0 <=r < 1, high euglycemia

1 <=r <2, mild hyperglycemia
2 <=r, severe hyperglycemia

A S

Upon determination of the bin/category for use with the estimation of the
probability of ESA presence, in one aspect, kernel density estimation (using Gaussian
kernel, 24, for example) may be used to estimate the distribution of the sensitivity ratio
Rs in each bin/category described above. In one aspect, this estimation of the
distribution in sensitivity ratio Rs is shown in FIG. 11, where for each bin/category
(including, for example, severe hypoglycemia (binl), mild hypoglycemia (bin2), low
euglycaemia (bin3), high euglycaemia (bin4), low hyperglycemia (bin5), and high
hypcrglycemia (bin6)), cach chart illustrates the associated distribution where ESA
presence is detected.

Referring again to the discussions above, based on the estimation of the

probability density functions of the estimated distribution of the sensitivity ratio Rs in
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each bin/category, in one aspect, a non-parametric hypothesis testing approach based on
Bayes’ law may be implemented. For example, in one aspect of the present disclosure,
from Bayes’ law, the estimated probability of ESA presence knowing the sensitivities
ratio and the blood glucose bin/category may be decomposed based on the following

5 expression:

ﬂ-ESAjz" (,0)
p z 6
”ESAfESA,i (p) + ”mfm,f (,0) ©

PI£SA | Ry=p&rebin]=

where 7, is the proportion of events in class a and ]A’a,l. is the previously

estimated probability density function of Rg in bin/category i for class a.

10
In addition, to minimize the overall probability of error the following decision
rule may be applied:
. . PI[ESA| Ry = p & r € bin,
sensor is ESA if [_ Re=p ] > 1
Er[ESA |Ry = p&rebin,]
— SEsas (,0) > Tisd
f; ESA (/O ) T rsa
. (7)
assuming z—— = 7,¢, = 0.5
J} ESAi (,0 ) 7, 2
= = >1 = fESA,i(p)>fm’l—(p)
f ESA,i (10 )
15
Accordingly, based on the above, the hypothesis analysis module (521) of the
second module 520 shown in FIG. 5 in one embodiment may be configured to
verify/confirm the presence of ESA for a given analyte sensor based on the capillary
blood glucose level measurement reading, when the capillary blood glucose
20 measurement is in bin/category i, when the sensitivity ratio Rs is less than the

corresponding defined threshold level ti For example, given the six blood glucose
bins/catcgorics (binl to bin6) described above, the respective threshold level 4 is:

t1=1.138, t,=0.853, t3=0.783, t4=0.784, ts=0.829, and ts=0.797.
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In this manner, in one aspect of the present disclosure, the method, system and
computer program product provides for, but not limited to, early detection of sensitivity
drops in continuous glucose monitoring systems. Sensitivity drops can be found in the
first 24 hours, for example, of the sensor life, and while the potential adverse impacts
may be minimized by frequent calibration or sensor masking, such sensitivity drops
havc clinically significant cffcets on the accuracy of the sensor data, and in turn,
potential danger to the patient using the sensor. Accordingly, in one aspect, there is
provided method, system, and computer program product for estimating or determining
the probability of the presence of ESA based on the sensor current signal characteristics,
and thereafter, performing a confirmation or verification routine to determine whether
the sensitivity drop probability estimated based on the sensor current signal
characteristics corresponds to a real time occurrence of a corresponding sensitivity drop
in the sensor.

Accordingly, sensor accuracy, and in particular in the critical hypoglycemic
ranges may be improved, multiple calibrations and/or sensor masking may be avoided
during the early stages of the sensor life, and further, sensor calibration during
sensitivity drop occurrence which may result in undetected hypoglycemic events, may
be avoided.

FIG. 6 is a flowchart illustrating an overall ESA detection routine in accordance
with one embodiment of the present disclosure. Referring to FIG. 6, in one embodiment
of the present disclosure, a predetermined number of sensor data is retrieved or
collected (610), and thereafter, it is determined whether the probability estimation for
the sensitivity decline determination is appropriate (620). In one aspect, one or more of
the following parameters may be used to determine whether the determination of the
probability estimation of the sensitivity decline is appropriate: presence or collection of
sufficient data points associated with the analyte sensor, timing of the probability
estimation relative to when the analyte sensor was inserted or subcutaneously
positioned, time period since the most recent determination of the probability estimation
for the sensitivity decline, among others.

If is determined that the probability estimation for the sensitivity decline
determination is not appropriate (620), then the routine shown in FIG. 6 returns to
collecting additional sensor data points. On the other hand, if it is determined that the

probability estimation for the sensitivity decline determination is appropriate, then the
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probability estimation for the sensitivity decline determination is performed (630).
Thereafter, based upon the determined probability estimation for the sensitivity decline,
it is determined whether ESA is present or not (640).

That is, based on the analysis performed, for example, by the first module 520 of
the sensitivity decline detector 500 (FIG. 5), if ESA is not detected, then the routine
rcturns to collcction and/or retricval of additional scnsor current data (640). On the
other hand, if based on the analysis described above ESA is detected (640), then a
capillary blood measurement is requested (for example, by prompting the user to
perform a fingerstick blood glucose test and input the blood glucose value) (650).
Thereafter, the routine shown in FIG. 6 performs the routine for confirming the
presence or absence of ESA by, for example, the hypothesis analysis module 521 (FIG.
5).

Referring again to FIG. 6, if based on the analysis using the capillary blood
measurement determines that ESA is not present, the routine again returns to the data
collection/retrieval mode (610). On the other hand, if ESA presence is determined, in
one aspect, an alarm or notification may be generated and provided to the user (680) to
alert the user.

FIG. 7 is a flowchart illustrating real-time detection of sensor current
abnormalities described in conjunction with module 1 of FIG. 5 in accordance with one
embodiment of the present disclosure. Referring to FIG. 7, in one embodiment, analyte
sensor data for a defined time period is retrieved or selected. With the analyte sensor
data, one or more data processing is performed to determine sensor signal
characteristics, including, for example, the mean current signal, the least squares slope,
a standard deviation, an average clapsed time since the analyte sensor
insertion/positioning (or average sensor life), a variance about the least squares slope
(710).

Referring to FIG. 7, predetermined coefficients based on the analyte sensor data
may be retrieved (720), and applied to the analyte sensor signals to determine or
estimate the probability of ESA presence (730). Additionally, further shown in FIG. 7
is a predetermined threshold (740) which in one embodiment may be compared to the
determined estimated probability of ESA presence (750). In one aspect, the
predetermined threshold may be determined as the minimum probability of ESA

presence for declaring such condition, and may be a tradeoff between false alarms (false
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positives, where the threshold may be easy to exceed) versus missed detections (false
negatives, where the threshold is difficult to exceed).

Referring still again to FIG. 7, if it is determined that the estimated probability
of ESA presence does not exceed the predetermined threshold (750), then it is
determined that ESA is not present — that is, sensor current signal attenuation is not
dctected (760). On the other hand, if it is determined that cstimated probability of ESA
presence exceeds the predetermined threshold, it is determined that ESA is present —
that is, sensor current signal attenuation is detected (770). In either case, where the ESA
presence is determined to be present or not present, such determination is
communicated or provided to the subsequent stage in the analysis (780) for further
processing.

FIG. 8 is a flowchart illustrating verification routine of module 2 in FIG. 5 to
confirm or reject the output of module 1 in accordance with one embodiment of the
present disclosure. Referring to FIG. 8, with the continuous glucose data (801) and the
capillary blood glucose measurement (802), an average function of one or more
continuous glucose sensor current data point at around the same time or approximately
contemporancously with the blood glucose measurement is performed (803). In the
case where the sensor current data point is a single value, average function will result in
the value itself — therefore averaging routine is unnecessary.

Alternatively, in the case where the sensor data includes more than one data
point, for example, 11 data points centered around the time of the blood glucose data
point, the average function is performed resulting in an average value associated with
the plurality of data points. Thereafter, as shown in FIG. 8, a sensitivity value (S) is
determined based on the calculated average value of the sensor data points as described
above and the capillary blood glucose measurement (805). For example, the sensitivity
value (S) associated with the sensor may be determined as the ratio of the determined
average sensor data point value to the blood glucose value.

Referring still to FIG. &, a nominal sensor sensitivity typically determined at the
time of sensor manufacturing (807) is retrieved and applied to the determined sensor
sensitivity value (S) to attain a normalized sensitivity ratio Rs (808).

Referring back to FIG. 8, based on the measured or received capillary blood
glucose measurement (802), a corresponding glucose bin described above is determined

or calculated (804), for example, in one aspect, by applying the function described in
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equation (5) above. Thereafter, a corresponding ESA test threshold t is determined
(806) based on the calculated or determined glucose bin. For example, as described
above, each glucose bin (binl to bin6), is associated with a respective threshold level t
which may, in one aspect, be determined by prior analysis or training.

Referring still again to FIG. 8, with the normalized sensitivity ratio (808) and the
calculatcd bin (806), a comparison is madc between the normalized scnsitivity ratio and
the determined or calculated bin (809). For example, in the case where the comparison
establishes the normalized sensitivity ratio (S) exceeds the calculated bin t, it is
determined that early signal attenuation (ESA) is not present (8§11). On the other hand,
when the normalized sensitivity ratio (S) is determined to be less than the calculated bin
t, then it is determined that ESA in the sensor signals is present.

FIG. 9 illustrates a real time current signal characteristics evaluation approach
based on a sliding window process of module 1 in FIG. 5 in accordance with one

embodiment of the present disclosure.

FIG. 10 illustrates bootstrap estimation of coefficients for module 1 of FIG. 5 in
accordance with one embodiment of the present disclosure. Referring to the Figures,
the bootstrap estimation procedure performed to add robustness to the model
coefficients may include, in one aspect, a generalized linear model fit applied to a
predetermined time period to determine the coefficient vector . Based on a predefined
number of iterations, an empirical probability distribution function of each coefficient
may be determined, for example, as shown in FIG. 10, where each selected coefficient
corresponds to the mode of the associated distribution.

FIG. 11 illustrates Gaussian kernel estimation of the normalized sensitivity
density of module 2 of FIG. 5 in accordance with one embodiment of the present
disclosure. Referring to FIG. 11, as described above in conjunction with FIG. 5, in one
aspect, kernel density estimation (using Gaussian kernel, 24, for example) may be used
to estimate the distribution of the sensitivity ratio Rs in each bin/category described
above. The estimation of the distribution in sensitivity ratio Rs in one aspect is shown
in FIG. 11, where for each bin/category (including, for example, severe hypoglycemia
(binl), mild hypoglycemia (bin2), low euglycaemia (bin3), high euglycaemia (bin4),
low hyperglycemia (bin5), and high hyperglycemia (bin6)), the corresponding chart
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illustrates the associated distribution where ESA presence is detected as compared to the
distribution where no ESA presence is detected.

FIG. 12 illustrates a comparison of rate of false alarms (false positives) and
sensitivity decline detection rate in accordance with embodiment of the present
disclosure. That is, FIG. 12 represents the relation between ESA detection rate and
falsc alarm ratc. In onc aspcct, curve 1210 illustrates the output results of the first
module 510 in the sensitivity decline detector 500 (FIG. 5) based on the logistic
regression classifier, while curve 1220 illustrates the combined output of the first
module 510 and the second module 520 of the sensitivity decline detector 500 (FIG. 5)
based, for example, on a logistic rule classifier prompting a blood glucose measurement
in the case of ESA presence probability exceeding a predetermined threshold level. In
one embodiment, based on a threshold level of 0.416 determining the ESA presence
probability, the rate of ESA detection is approximately 87.5% and a false alarm rate is
approximately 6.5%.

In the manner described above, in accordance with the various embodiments of
the present disclosure, real time detection of ESA or night time drop outs of analyte
sensor sensitivities are provided. For example, an analyte sensor with lower than
normal sensitivity may report blood glucose values lower than the actual values, thus
potentially underestimating hyperglycemia, and triggering false hypoglycemia alarms.
Moreover, since the relationship between the sensor current level and the blood glucose
level is estimated using a reference blood glucose value (for example, calibration
points), if such calibration is performed during a low sensitivity period, once the period
comes to an end, all glucose measurements will be positively biased, thus potentially
masking hypoglycemia episodes. Accordingly, the occurrence of errors in the relation
between the current signal output of the analyte sensor and the corresponding blood
glucose level may be monitored and detected in real time such that the patients may be
provided with the ability to take corrective actions.

Indeed, real time detection of variations in the glucose levels in patients using
monitoring devices such as analyte monitoring devices provide temporal dimension of
glucose level fluctuations provide the ability to tightly control glycemic variation to
control diabetic conditions. More specifically, in accordance with the various
embodiments of the present disclosure, the analyte monitoring systems may be

configured to provide warnings about low glucose levels in real time in particular, when
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the patient may not be suspecting hypoglycemia or impending hypoglycemia, and thus
provide the ability to help patients avoid life-threatening situations and self- treat during
hypoglycemic attacks.

Accordingly, in one aspect of the present disclosure, the detection of episodes of
low sensor sensitivity includes a first module which may be configured to execute a
rcal-timc dctection algorithm bascd on analytc sensor current signal charactcristics, and
further, a second module which may be configured to perform a statistical analysis
based on a single blood glucose measurement to confirm or reject the initial detection of
the sensor sensitivity decline performed by the first module. In this manner, in one
aspect of the present disclosure, accurate detection of ESA episodes or night time drop
outs or declines in sensor current signal levels may be provided with minimal false
alarms.

Accordingly, a computer implemented method in one aspect includes receiving
a plurality of analyte sensor related signals, determining a probability of signal
attenuation associated with the received plurality of analyte sensor related signals,
verifying the presence of signal attenuation when the determined probability exceeds a
predetermined threshold level, and generating a first output signal associated with the
verification of the presence of signal attenuation.

Further, determining the probability of signal attenuation may include
determining one or more characteristics associated with the received plurality of analyte
sensor related signals, and applying a predetermined coefficient to the plurality of
analyte sensor related signals.

In another aspect, the determined one or more characteristics may include one or
more mean value associated with the analyte sensor related signals, the least square
slope associated with the analyte sensor related signals, a standard deviation associated
with the analyte sensor related signals, an average elapsed time from positioning the
analyte sensor, or a variance about a least squares slope associated with the analyte
sensor related signals.

Also, in still another aspect, the predetermined threshold level may be user
defined or defined by a system expert.

In still another aspect, when the determined probability does not exceed the
predetermined threshold level, the method may further include generating a second

output signal associated with absence of signal attenuation condition.
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Additionally, in yet a further aspect, verifying the presence of signal attenuation
may include selecting a signal attenuation threshold level, determining a sensitivity
level associated with the analyte related sensor signals, and confirming the presence of
signal attenuation based at least in part on a comparison of the determined sensitivity
level and the selected signal attenuation threshold level, where the signal attenuation
threshold level may be associated with a blood glucosc mcasurcment.

Also, the blood glucose measurement may in another aspect include a capillary
blood glucose sampling.

In yet still another aspect, the sensitivity level associated with the analyte related
sensor may include a ratio of nominal sensitivity associated with the analyte related
sensor signals and the sensitivity value associated with the analyte related sensor
signals, where the sensitivity value may be determined as a ratio of the average of the
analyte related sensor signals and a blood glucose measurement.

Moreover, confirming the presence of signal attenuation in another aspect may
include determining that the sensitivity level is less than the selected signal attenuation
threshold level, which in one aspect, may be determined by a system expert.

An apparatus in accordance with another aspect of the present disclosure
includes a data storage unit, and a processing unit operatively coupled to the data
storage unit configured to receive a plurality of analyte sensor related signals, determine
a probability of signal attenuation associated with the received plurality of analyte
sensor related signals, verify the presence of signal attenuation when the determined
probability exceeds a predetermined threshold level, and generate a first output signal
associated with the verification of the presence of signal attenuation.

The processing unit may be configured to determine the probability of signal
attenuation is configured to determine one or more characteristics associated with the
received plurality of analyte sensor related signals, and to apply a predetermined
coefficient to the plurality of analyte sensor related signals.

The determined one or more characteristics may include one or more mean value
associated with the analyte sensor related signals, the least square slope associated with
the analyte sensor related signals, a standard deviation associated with the analyte
sensor related signals, an average elapsed time from positioning the analyte sensor, or a

variance about a least squares slope associated with the analyte sensor related signals,
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where the predetermined threshold level may be user defined, or defined by a system
expert.

When the determined probability does not exceed the predetermined threshold
level, the processing unit may be further configured to generate a second output signal
associated with absence of signal attenuation condition.

In still another aspcect, the processing unit may be further configured to sclect a
signal attenuation threshold level, determine a sensitivity level associated with the
analyte related sensor signals, and confirm the presence of signal attenuation based at
least in part on a comparison of the determined sensitivity level and the selected signal
attenuation threshold level.

The signal attenuation threshold level may be associated with a blood glucose
measurement.

The blood glucose measurement may include a capillary blood glucose
sampling.

The sensitivity level associated with the analyte related sensor may include a
ratio of nominal sensitivity associated with the analyte related sensor signals and the
sensitivity value associated with the analyte related sensor signals, where the sensitivity
value may be determined as a ratio of the average of the analyte related sensor signals
and a blood glucose measurement.

The processing unit may be further configured to determine that the sensitivity
level is less than the selected signal attenuation threshold level, which may be, in one
aspect determined by a system expert.

In still another aspect, the apparatus may include a user output unit operatively
coupled to the processing unit to display the first output signal.

A system for detecting signal attenuation in a glucose sensor in still another
aspect of the present disclosure includes an analyte sensor for transcutaneous
positioning through a skin layer of a subject, a data processing device operatively
coupled to the analyte sensor to periodically receive a signal associated with the analyte
sensor, the data processing device configured to determine a probability of the early
signal attenuation (ESA), and to verify the presence of early signal attenuation based on

one or more predetermined criteria.
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The data processing device may include a user interface to output one or more
signals associated with the presence or absence of early signal attenuation associated
with the analyte sensor.

Various other modifications and alterations in the structure and method of
operation of this disclosure will be apparent to those skilled in the art without departing
from the scopc and spirit of the disclosurc. Although the disclosurc has been described
in connection with specific preferred embodiments, it should be understood that the
disclosure as claimed should not be unduly limited to such specific embodiments. It is
intended that the following claims define the scope of the present disclosure and that
structures and methods within the scope of these claims and their equivalents be

covered thereby.
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WHAT IS CLAIMED IS:

1. A computer implemented method, comprising:

receiving a plurality of analyte sensor related signals;

determining a probability of signal attenuation associated with the received
plurality of analyte sensor related signals;

verifying the presencc of signal attcnuation when the determined probability
exceeds a predetermined threshold level; and

generating a first output signal associated with the verification of the presence of

signal attenuation.

2. The method of claim 1 wherein determining the probability of signal attenuation
includes:

determining one or more characteristics associated with the received plurality of
analyte sensor related signals; and

applying a predetermined coefficient to the plurality of analyte sensor related

signals.

3. The method of claim 2 wherein the determined one or more characteristics
includes one or more mean value associated with the analyte sensor related signals, the
least square slope associated with the analyte sensor related signals, a standard deviation
associated with the analyte sensor related signals, an average elapsed time from
positioning the analyte sensor, or a variance about a least squares slope associated with

the analyte sensor related signals.

4. The method of claim 1 wherein the predetermined threshold level is user
defined.
5. The method of claim 1 wherein when the determined probability does not

exceed the predetermined threshold level, generating a second output signal associated

with absence of signal attenuation condition.

6. The method of claim 1 wherein verifying the presence of signal attenuation

includes:
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selecting a signal attenuation threshold level;

determining a sensitivity level associated with the analyte related sensor signals;
and

confirming the presence of signal attenuation based at least in part on a
comparison of the determined sensitivity level and the selected signal attenuation

threshold level.

7. The method of claim 6 wherein the signal attenuation threshold level is

associated with a blood glucose measurement.

8. The method of claim 7 wherein the blood glucose measurement include a

capillary blood glucose sampling.

9. The method of claim 6 wherein the sensitivity level associated with the analyte
related sensor includes a ratio of nominal sensitivity associated with the analyte related
sensor signals and the sensitivity value associated with the analyte related sensor

signals.

10. The method of claim 9 wherein the sensitivity value is determined as a ratio of

the average of the analyte related sensor signals and a blood glucose measurement.

11. The method of claim 6 wherein confirming the presence of signal attenuation
includes determining that the sensitivity level is less than the selected signal attenuation

threshold level.

12. An apparatus, comprising:

a data storage unit; and

a processing unit operatively coupled to the data storage unit configured to
receive a plurality of analyte sensor related signals, determine a probability of signal
attenuation associated with the received plurality of analyte sensor related signals,
verify the presence of signal attenuation when the determined probability exceeds a
predetermined threshold level, and generate a first output signal associated with the

verification of the presence of signal attenuation.
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13. The apparatus of claim 12 wherein the processing unit configured to determine
the probability of signal attenuation is configured to determine one or more
characteristics associated with the received plurality of analyte sensor related signals,
and to apply a predetermined coefficient to the plurality of analyte sensor related

signals.

14. The apparatus of claim 13 wherein the determined one or more characteristics
includes one or more mean value associated with the analyte sensor related signals, the
least square slope associated with the analyte sensor related signals, a standard deviation
associated with the analyte sensor related signals, an average elapsed time from
positioning the analyte sensor, or a variance about a least squares slope associated with

the analyte sensor related signals.

15. The apparatus of claim 12 wherein the predetermined threshold level is user
defined.
16. The apparatus of claim 12 wherein when the determined probability does not

exceed the predetermined threshold level, the processing unit is further configured to

generate a second output signal associated with absence of signal attenuation condition.

17. The apparatus of claim 12 wherein the processing unit is further configured to
select a signal attenuation threshold level, determine a sensitivity level associated with
the analyte related sensor signals, and confirm the presence of signal attenuation based
at least in part on a comparison of the determined sensitivity level and the selected

signal attenuation threshold level.

18. The apparatus of claim 17 wherein the signal attenuation threshold level is

associated with a blood glucose measurement.

19. The apparatus of claim 18 wherein the blood glucose measurement include a

capillary blood glucose sampling.
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20. The apparatus of claim 17 wherein the sensitivity level associated with the
analyte related sensor includes a ratio of nominal sensitivity associated with the analyte
related sensor signals and the sensitivity value associated with the analyte related sensor

signals.

21. The apparatus of claim 20 whercin the sensitivity valuc is dctermined as a ratio

of the average of the analyte related sensor signals and a blood glucose measurement.

22. The apparatus of claim 17 wherein the processing unit is further configured to
determine that the sensitivity level is less than the selected signal attenuation threshold

level.

23. The apparatus of claim 12 including a user output unit operatively coupled to the

processing unit to display the first output signal.

24. A system for detecting signal attenuation in an analyte sensor, comprising:

an analyte sensor for transcutancous positioning through a skin layer of a
subject; and

a data processing device operatively coupled to the analyte sensor to periodically
receive a signal associated with the analyte sensor, the data processing device
configured to determine a probability of the early signal attenuation (ESA), and to
verify the presence of early signal attenuation based on one or more predetermined

criteria.

25. The system of claim 24 wherein the data processing device includes a user
interface to output one or more signals associated with the presence or absence of early

signal attenuation associated with the analyte sensor.
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(54) Title: BLOOD GLUCOSE METER CAPABLE OF WIRELESS COMMUNICATION

(57) Abstract: The present invention relates to a blood glucose meter (200)
comprising a blood glucose measuring module (234) for performing a blood
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214 T oo

glucose measuring function and a wireless communication module (236)
adapted for establishing a wireless communication link with an external de-

vice and exchanging information with the external device via the wireless

I~

I |

(236).

communication link according to a predetermined frequency format and pro-
tocol. The blood glucose measuring module (234) and the wireless commu-
nication module (236) are physically- separate units electrically connected
in order to allow for an exchange of electrical signals corresponding to in-
formation to be transmitted by the wireless communication module and/or
information received by the wireless communication module (236). Ac-
cording to the invention, the blood glucose measuring module (234) and
the wireless communication module (236) both comprise a connector com-
ponent (238, 240), wherein the two connector components (238, 240) are
adapted to releasably establish the electrical connection between the blood
glucose measuring module (234) and the wireless communication module
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Blood glucose meter capable of wireless communication

The present invention relates to a blood glucose meter com-
prising a blood glucose measuring module for performing a
blood glucose measuring function and a wireless communication
module adapted for wireless communication with an external de-
vice, and to a method of constructing such a blood glucose me-

ter.

Diabetes mellitus is a chronic metabolic disorder caused by an
inability of the pancreas to produce sufficient amounts of the
hormone insulin so that the metabolism is unable to provide
for the proper absorption of sugar and starch. This failure
leads to hyperglycemia, 1i.e. the presence of an excessive
amount of glucose within the blood plasma. Persistent hyper-
glycemia causes a variety of serioué symptoms and life threat-
ening long term complications such as dehydration, ketoacido-
sis, diabetic coma, cardiovascular diseases, chronic renal
failure, retinal damage and nerve damages with the risk of am-
putation of extremities. Because healing is not yet possible,
a permanent therapy is necessary which provides constant gly-
cemic control in order to always maintain the 1level of blood
glucose within normal limits. Such glycemic control is
achieved by regularly supplying external insulin to the body
of the patient to thereby reduce the elevated levels of blood

glucose.

External insulin was commonly administered by means of typi-
cally one or two injections of a mixture of rapid and interme-
diate acting insulin per day via a hypodermic syringe. While
this treatment does not require the frequent estimation of
blood glucose, it has been found that the degree of glycemic
control achievable in this way is suboptimal because the de-
livery is unlike physiological insulin production, according

to which insulin enters the blcodstream at a lower rate and
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over a more extended period of time. Improved glycemic control
may be achieved by the so-called intensive -insulinotherapy
which is based on multiple daily injections, including one or
two injections per day of long acting insulin for providing
basal insulin and additional injections of rapidly acting in-
sulin before each meal in an amount proportional to the size
of the meal. Although traditional syringes have at least
partly been replaced by insulin pens, the frequent injections

are nevertheless very inconvenient for the patient.

Substantial improvements in diabetes therapy have been
achieved by the development of blood glucose systems relieving
the patient of the daily use of syringes or insulin pens. Such
blood glucose systems usually comprise a battery-operated
blood glucose meter and one or more separate further devices,
such as a battery-operated insulin pump. Further, such blood
glucose systems usually comprise a control unit which is often
provided as an integral part of the blood glucose meter, but
may also be provided as a separate device communicating with

the blood glucose meter and the remaining devices.

In such systems, the blood glucose meter is used to determine
the blood glucose concentration, e.g. by receiving blood sam-
ples via enzyme-based test strips and calculating the blood
glucose value based on the enzymatic reaction. Advantageously,
the blood glucose system is configured such that the measured
value is automatically delivered to the control unit. The in-
sulin pump allows for the delivery of insulin in a more
physiological manner and can be controlled to follow standard
or individually modified protocols to give the patient a bet-
ter glycemic control over the course of a day. It can be con-
structed as an implantable device for subcutaneous arrangement
or can be constructed as an external device that is carried on
the body of the patient. '
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The operation of the insulin pump and of other devices can be
controlled and modified by means of the control unit. For ex-—
ample, delivery of suitable amounts of insulin by the insulin
pump requires that the patient frequently determines his or
her blood glucose level and inputs this wvalue into the control
unit, which then calculates a suitable modification to the de-
fault or currently in use insulin delivery protocol, i.e. dos-
age and timing, and subsequently communicates with the insulin
pump to adjust its operation accordingly. In this regard, it
may be necessary to use the control unit each time the patient
eats to instruct the pump to administer a specified amount of
insulin to cover that meal. Recently, a more or less closed-
loop control has been realized in which the control unit modi-

fies the insulin delivery protocol automatically.

In view of the permanence of the therapy, it 1is desirable to
provide the diabetic patient with flexibility, convenience and
ease of use in order to increase the quality of his or her
life. In this regard, it is evident that cable connections be-
tween the individual devices of a blood glucose system are
disadvantageous. Thus, it is known to provide a blood glucose

meter with wireless communication capabilities.

In some of such meters, care has been taken to separate the
part that ' 1s responsible "for the measuring functionality
yielding a metered value corresponding to blood glucose level
from the part that is responsible for establishing a wireless
communication link and receiving and/or transmitting informa-
tion via this link. This arrangement has the advantage that in
case changes to the wireless communication part are made upon
. further development of the blood glucose meter, such changes
do not have an influence on the blood glucose measuring func-
tionality. In this way, it is ensured that a modification
which only relates to the wireless communication part does not

have an impact on the critical medical functionality so that a
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new testing and validation of the blood glucose measuring part
is avoided. In blood glucose meters, this issue is of great
importance, because uncertainties with regard to the correct

measurement of blood glucose level cannot be accepted.

One exemplary blood glucose meter constructed in this way is
described in US 2003/0065536 Al. This reference discloses a
blood glucose meter capable of communicating medically rele-
vant data information to another device such as e.g. a central
server or a mobile terminal. The blood glucose meter includes
a blood glucose measuring part for executing a blood glucose
measuring function and a communication part responsible for
wireless communication according to e.g. radio frequency com-
munication, infrared communication, the Bluetooth protocol
and/or the TCP/IP protocol. Both parts are connected in such a
manner that they can exchange data information according to a
predetermined protocol under the control of the blood glucose
measuring part. Otherwise, the functionalities of both parts
are separated in order to obtain two physically and function-
ally separated parts for the above reasons. While this blood
glucose meter may facilitate advancement to the next product
cycle to some degree, it lacks desired flexibility for the me-
ter to be easily adapted to operation in different environ-
ments. The communication device part has predetermined func-
tions, and in case a particular application requires a deviat- -
ing wireless approach, a complex modification procedure is

necessary.

In a different field of medical devices, US 6,731,962 dis-—
closes a finger oximeter with remote telecommunication capa-
bilities enabling the oximeter to transmit measurement data
from a patient to a remote device. The oximetry circuitry and
the transmission circuitry may be provided on a single or on

two separate printed circuit boards. This device has the same
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disadvantages mentioned above for the known blood glucose me-

ter.

It is the object of the present invention to provide a blood
glucose meter providing a high degree of flexibility with re-
gard to adapting it to operation in different wireless commu-
nication environments and that remedies the disadvantages
found in the prior art, and to provide a blood glucose system
including such a blood glucose meter as well as a method of

constructing such a blood glucose meter.

This object is achieved by a blood glucose meter with the fea-
tures of claim 1, by a blood glucose system with the features
of claim 23, and by a method with the features of claim 25.
Further preferred embodiments of the invention are the sub-

ject-matter of the respective dependent claims.

The blood glucose meter of the present invention comprises a
blood glucose measuring module for performing a blood glucose
measuring function, i.e. the module includes a means for per-
forming such function, such as e.g. a means that is able to
analyze blood samples on enzyme-based test strips, that can be
inserted into a test strip receiving slot of the meter in or-
der to determine the blood glucose level based on the enzy-
matic- reaction. This blood glucose measuring module may be
adapted to perform all steps necessary to measure, calculate
and provide a value of blood glucose level. For some applica-
tions, however, it may be advantageous if the blood glucose
measuring module is adapted to perform only a part of these
steps, while one or more additional devices, connected to the
blood glucose meter by means of e.g. a wireless or cable con-
nection, are provided to perform the remaining steps. For ex-
ample, an external sensor may be provided for transmitting a

signal characteristic of blood glucose level to the blood glu-
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cose meter, from which signal the blood glucose meter calcu-

lates and displays the blood glucose level.

The blood glucose meter fufther comprises a wireless communi-
cation module adapted for establishing a wireless communica-
tion link with an external device and exchanging information
with the external device via the wireless communication link
according to a predetermined frequency format and protocol. In
the context of the present invention, the term frequency for-
mat refers to the physical characteristics of the wireless
signals such as frequency or modulation. Although the wireless
communication link will usually be bidirectional, for simple
applications the 1link can also be unidirectional, i.e. the
wireless communication module may be configured to only trans-
mit or to only receive messages to or from the external de-

vice.

The blood glucose measuring module and the wireless communica-
tion module are physically separate units. In the context of
the present invention, this means that the two modules as a
whole are distinct structural parts which may be completely
spatially separated from each other. However, they are releas-
ably electrically connected in order to allow for an exchange
of electrical signals corresponding to information to be
transmitted by the wireless communication module ‘and/or infor-
mation received by the wireless communication module, i.e. in
accordance with the considerations mentioned above the ex-

change of signals may be bidirectional or unidirectional.

It is to be noted that in addition to a means for performing a
blood glucose measuring function, the blood glucose measuring
module may also include other means for performing other func-
tions relevant to the operation of the blood glucose meter.
Only means relating to the wireless communication are neces-

sarily disposed separate from this module and are located in
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the wireless communication module. In case the blood glucose
measuring module includes a substantial part of the functional
means or substantially all functional means of the blood glu-
cose meter, the blood glucose measuring module could also be

referred to as the main module of the meter.

According to the present invention, the blood glucose measur-
ing module and the wireless communication module both comprise
a connector component adapted to releasably establish the
electrical connection between the blood glucose measuring mod-
ule and the wireless communication module. Thus, the connector
component of the blood glucose measuring module and the con-
nector component of the wireless communication module can co-
operate to effect the electrical connection between the two
modules. This electrical connection is releasable, i.e. 1t can

be selectively and repeatedly disconnected and re-established.

This construction provides the advantage that any connection
and functional cooperation between the two physically separate
modules can be easily and readily broken in case it is desired
to replace one of the modules with another similar module pro-
viding a different functionality. Thus, while the above-
referenced advantages due to separation of the blood glucose
measuring functionality and the wireless communication func-
‘tionality into two distinct units, i.e. the functional inde-
pendence of this units, found in prior art blood glucose me-
ters are retained, it 1is very simple to quickly replace a
first wireless communication module, which is e.g. adapted for
communication according to the Bluetooth standard, with a sec-
ond wireless communication module, which is e.g. adapted for
communication according to the ZigBee or ISM standard, thereby
adapting the blood glucose meter to a different wireless com-
munication environment. This advantageous flexibility can be
utilized at the manufacturing stage or even later-on by the

user. Thus, advantageously the blood glucose meter 1is con-
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structed such that the frequency format and/or protocol ac-
cording to which the blood glucose meter can communicate with
an external device can be changed by replacing the wireless
communication module with another wireless communication mod-
ule which can be connected to the connector component of the
blood glucose measuring module by means of its own connector
component and which 1s adapted to communicate according to a

different frequency format and/or protocol.

Moreover, the construction according to the invention provides
further advantages during the quality control procedure. Be-
cause the electrical connection between the blood glucose
measuring module and the wireless communication module is re-
leasable and the blood glucose measuring functionality and the
wireless communication functionality are compartmentalized in
different modules, separate quality control tests can be per-
formed on the modules after spatially separating the modules.
This avoids problems and a complicated procedure due to the
two modules being electrically connected and in close proxim-—
ity to each other. Otherwise, problems could arise e.g. due to
the wireless signal generated by the wireless communication
module interfering with the quality control testing of the
blood glucose measuring module. Thus, the likelihood of en-
countering interferences during quality control testing can be
reduced by performing the two gquality control tests entirely
separately in such a manner that the blood glucose measuring
module and the wireless communication~module are not electri-

cally connected and not in close proximity to each other.

In an advantageous version of the invention, the blood glucose
meter is constructed such that the frequency format and/or
protocol according to which the blood glucose meter can commu-
nicate with an external device can be changed solely by re-
placing the wireless communication module with another wire-

less communication module which is adapted to communicate ac-
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cording to a different frequency format and/or protocol. Thus,
in order to adapt the meter to a different wireless communica-
tion environment, no other steps but disconnecting the present
wireless communication module from the blood glucose measuring
module, removing the wireless communication module and con-
necting a different wireless communication module having the
desired wireless communication capabilities to the blood glu-
cose measuring module are necessary for the adaptation. 1In
particular, no changes whatsoever have to be made to the blood
glucose measuring module. For this purpose, the electrical
signals provided and expected by the blood glucose measuring
module at its connector component are predetermined, and the
new wireless communication module has to operate in accordance
with the standard constituted by the corresponding set of pre-

determined signals.

In a preferred embodiment of the blood glucose meter, the
blood glucose measuring module comprises a control means oper-—
able to control the electrical signals provided by the blood

glucose measuring module at its connector component.

It is further preferred if the wireless communication module
comprises a memory chip connector for electrically connecting
the wireless communication module with a non-volatile semi-
conductor memory card or a so-called smart card, wherein the
control means of the blood glucose measuring module is adapted
to operate 1in accordance with information stored in a non-
volatile semiconductor memory card or smart card connected to
the memory chip connector of the wireless communication mod-
ule. In this regard, it 1is also possible that the memory card
or smart card includes circuitry which is connected wvia the
memory chip connector and the connector components of the two
modules to the control means of the blood glucose measuring
device and then forms part of the control means to thereby

change or adapt the operation of the control means to the par-
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ticular wireless communication module. In any case, the provi-
sion of a memory chip connector results in increased flexibil-
ity because the signals provided and expected by the blood
glucose measuring module at its connector may be modified to
thereby improve the capabilities of the wireless communication

module and the meter as a whole.

In the alternative, it is preferred if the control means can
be reprogrammed in order to change the electrical signals pro-
vided and/or expected during operation by the blood glucose
measuring module at its connector component, i.e. the electri-
cal signals can be reprogrammed in their functions. In a pre-
ferred embodiment such reprogramming can be effected by the
wireless communication module. For this purpose, the wireless
communication module may comprise a memory chip connector for
electrically connecting the wireless communication module with
a non-volatile semi-conductor memory card or smart card,
wherein the control means of the blood glucose measuring mod-
ule can be reprogrammed in accordance with information stored
in a non-volatile semiconductor memory card or smart card con-
nected to the memory chip connector of the wireless communica-
tion module. For example, the meter may be constructed such
that this reprogramming is effected automatically upon estab-
lishing the releasable electrical connection between the bloocd
glucose measuring module and the wireless communication module
or by inserting a memory card or smart card into the memory
chip connector. This design provides additional flexibility
because the memory card or smart card does not always have to
be present in the wireless communication module. In any case,
the frequency format and/or protocol according to which the
blood glucose meter can communicate with an external device
can advantageously be changed by replacing the wireless commu-
nication module with another wireless communication module

which is adapted to communicate according to a different fre-
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guency format and/or protocol and suitably reprogramming the

control means of the blcocod glucose measuring module.

It should be noted that each of the memory chip connectors
mentioned above could also be provided not in the wireless
communication module, but at a different location in the blood
glucose meter of the present invention. For example, they
could be provided in the blood glucose measuring module. 1In
any case, 1in the assembled state of the blood glucose meter
the memory chip connectors have to be connected to the control
means of the blood glucose measuring module. However, in most
cases, disposing the memory chip connector in the wireless
communication module provides the advantages of particular
flexibility and space economy within the blood glucose measur-

ing module.

It is preferred that the wireless communication module com-
prises a memory chip connector for electrically connecting the
wireless communication module with a non-volatile semi-
conductor memory card. This memory chip connector can be one
of the memory chip connectors mentioned above or an additional
memory chip connector. In this way a variety of different
functions of the wireless communication module and/or the
blcod glucose measuring module may be modified and adapted in
a particularly simple manner. Further, 'a memory card or  smart
card can also serve as a storage means for storing various in-
formation relating to the measurement results obtained by the
meter. In addition or in the alternative, one or more memory
chip connectors for connecting a non-volatile semiconductor
memory card with the blood gluccse meter and fulfilling one or
more of the above or one or more other functions could also be
provided at other locations in the blood glucose meter of the

present invention, e.g. in the blood glucose measuring module.
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For any memory chip connector present in the wireless communi-
cation module (or at a different location), it is advantageous
if the memory chip connector is orientated such that a set of
contacts on a memory card connected to the memory chip connec-—
tor face downwards allowing a user to more easily observe up-
ward facing artwork on the memory card as it is inserted into
said blood glucose meter. In this way, the identity of the
card can be easily verified without a need to remove the card

from the memory chip connector.

According to a preferred embodiment of the invention, the
wireless communication module does not comprise an own power
supply. Rather, a corresponding power supply for operating the
wireless communication module is disposed in the blood glucose
measuring module. This power supply can be the power supply of
the blood glucose measuring module or a separate, dedicated
power supply. In any case, the electrical signals provided
during operation by the blood glucose measuring module at its
connector component include signals for supplying power to the
wireless communication module. This construction provides the
advantage of the possibility of a particularly simple and low-
cost design of the wireless communication module, which 1is
highly advantageous in view of the wireless communication mod-

ules being envisaged for interchangeability.

It is preferred that the wireless communication module com-
prises a transceiver, an antenna impedance matching network
and an antenna, and possibly also an electrostatic discharge
{(ESD) protection circuit. In this manner, the wireless commu-
nication module is a self-contained unit. Arrangement of the
antenna in close proximity to the remaining components of the

wireless communication module is highly advantageous.

It is further preferred that the blood glucose meter comprises

a housing in which the blood glucose measuring module and the
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wireless communication module are enclosed to provide a meter

which is compact and easily manageable for the user.

In a preferred embodiment of the invention, the blood glucose
measuring module comprises or consists of a first printed cir-
cuit board on which blood glucose measuring circuitry - and
possibly further circuitry if the first printed circuit board
is the main board of the meter - is mounted or provided, and
the wireless communication module comprises or consists of a
second printed circuit board, different from the first printed
circuit board, on which wireless communication circuitry is
mounted or provided. In this case, it is advantageous if the
wireless communication module comprises a transceiver, an an-
tenna impedance matching network and an antenna as well as
possibly an ESD protection circuit, and if all these elements
of the wireless communication module are mounted or provided
on the second printed circuit board. Further, a particularly
simple and efficient design can be realized if the first
printed circuit board is a motherboard and the second printed
circuit board is a daughterboard. Further, it is preferred if
the second printed circuit board i1is disposed on the first
printed circuit board. In any case, it is an advantage of this
construction that the second printed circuit board or daughter
board helps to economize space on the first printed circuit

board or mother board.

It is preferred if one of the connector components of the
blood glucose measuring module and the wireless communication
module 1is the plug component of a plug and socket connector
and the other connector component is the socket component of
the plug and socket connection. Such a plug and socket connec-—
tion is particularly easy to operate and simple in construc-
tion. The releasable electrical connection may be established
by directly connecting the plug and the socket, i.e. by in-

serting the plug on the wireless communication module or the
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blcod glucose measuring module into the socket on the blood
glucose measuring module or wireless communication module, re-

spectively, or by connecting them via an adapter or a cable.

The connector components of the blood glucose measuring module
and the wireless communication module may also be adapted to
be connected by a cable having suitable connector components
at its ends. Such a construction provides flexibility with re-
gard to the physical arrangement of the two modules within the

meter.

The wireless communication module may advantageously Dbe
adapted to communicate according to the ISM, Bluetooth, ZigBee
or WLAN standard or even according to two or more of these

standards.

The blood glucose meter of the invention described above may
advantageously be part of a blood glucose meter system further
comprising at least one further wireless communication module
similar to the wireless communication module but adapted for
establishing a wireless communication 1link with an external
device and exchanging information with the external device via
the wireless communication link according to a predetermined
frequency format and protocol different from the frequency
format and/or protocol of the wireless communication module.
As is evident from the above description, with such a system
the frequency format and/or protocol according to which the
blood glucose meter can communicate with an external device
can be changed by replacing the wireless communication module
with one of the at least one further wireless communication
module by establishing a releasable connection between the
blood glucose measuring module and the new wireless communica-
tion module by means of their connector components. Of course,
such a system can also be regarded as comprising a blood glu-

cose meter as described above with or without a wireless com-
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munication module connected to the blood glucose measuring
module as well as a number or set of wireless communication
modules which are adapted for different wireless communication
capabilities. This set of wireless communication modules may
e.g. include wireless communication modules .adapted to commu-
nicate according to the ISM, Bluetooth, ZigBee or WLAN stan-

dard or even according to two or more of these standards.

Any of the blood glucose meters of the present invention de-
scribed above may advantageously be constructed by a method in
which a blood glucose measuring module for performing a blood
glucose measuring function 1is provided and a plurality of
wireless communication modules are provided, each adapted for
establishing a wireless communication link with an external
device and exchanging information with the external device via
the wireless communication link according to a predetermined
frequency format and protocol different from the frequency
format and/or protocol of the other wireless communication
modules. As noted in detail above, the blood glucose measuring
modules and the wireless communication module are physically
separate units and the blood glucose measuring module and each
wireless communication module comprise respective connector
components by means of which a selected one of the wireless
communication modules may be releasably electrically connected
in order to allow for an exchange of electrical signals corre-
sponding to information to be transmitted by the respective
wireless communication module and/or information received by
the respective wireless communication module. Subsequently,
one of the plurality of wireless communication modules is se-
lected in accordance with the desired frequency format and
protocol, and an electrical connection between the selected
wireless communication module and the blood glucose measuring
module is established by means of the respective connector
components to thereby form the blood glucose meter. By this

method, a manufacturer or even a user may easily and in a

Page 199 of 320



WO 2008/061552 PCT/EP2006/011263

flexibly manner construct a blood glucose meter tailored to a

particular application.

In the following, the invention is explained in more detail

for preferred embodiments with reference to the figures.

Figure 1 1is a top perspective view of a blood glucose meter

according to the present invention.
Figure 2 1is a schematic diagram showing the blood glucose me-
ter of Figure 1 wirelessly communicating with a plu-

rality of external medical devices.

Figure 3 1is a simplified bottom plan view of a motherboard of

the blood glucose meter shown in Figure 1.

Figure 4 is a simplified top plan view of the motherboard

shown in Figure 3.

Figure 5 1is a simplified top plan view of a daughterboard of

the blood glucose meter shown in Figure 1.

Figure 6 1s a simplified bottom plan view of the daughterboard

shown in Figure 5.

Figure 7 1is a bottom plan view of a memory chip for use with

the daughterboard shown in Figures 5 and 6.

Figure 8 is a top plan view of the memory chip shown in Figure
7.

Figure 9 1is a simplified bottom perspective view of the daugh-

terboard shown in Figures 5 and 6.
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Figure 10 is a simplified bottom perspective view of the blood
glucose meter with a bottom housing half removed.

Figure 1 is a perspective view of a blood glucose measurement
device or meter in accordance with the present invention,
which in a particular embodiment of the invention is provided
in the form of a remote controller 200. This remote controller
200 may e.g. be part of the blood glucose system schematically
shown in Figure 2. A medical device such as, for example, this
glucose measurement device 200 may have the ability to wire-
lessly communicate with one or more peripheral medical de-
vices. In the embodiment of this invention shown in Figure 2,
the blood glucose measurement device or remote controller 200
communicates via a wireless signal 310 with peripheral medical
devices such as, for example, an insulin pump 300 for dispens-
ing insulin to the blood circuit of a patient, a continuous
glucose monitor (CGM) 400, an insulin pen 500, or a combina-
tion therecf. The insulin pump 300 may be an external device
to be worn on the body of a patient, or it may be constructed

as an implantable device to be disposed subcutaneously.

Recently, there has been a continuing development in the field
of wireless communications and it 1is 1likely that these im-
provements will continue in the future. There will also likely
be a need for additional types of peripheral medical devices
to wirelessly communicate with a blood glucose measurement de-
vice for facilitating the therapy of people with diabetes.
This has led to a need for designing a medical device such as
a blood glucose meter which can have 1its hardware easily
adapted to a new wireless communication environment or appli-
cation or upgraded by using a modular architecture. In an em-
bodiment of this invention, the wireless circuitry is compart-
mentalized from the blood glucose measuring circuitry. Thus,
in such a design, only the wireless circuitry must be replaced

while the blood glucose measuring circuitry will require 1lit-
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tle or no modification. In general, this will make adapting,
changing or upgrading the wireless functionality of a blood

glucose measurement device faster and easier to perform.

Remote controller 200 may be used to episodically measure
blood glucose and to wirelessly control insulin pump 300
and/or other peripheral medical device(s). In an embodiment of
this invention, remote controller 200 may be a master and in-
sulin pump 300 and/or other peripheral medical device(s) may
be a slave. As shown 1in Figure 1, remote controller 200 in-
cludes a first housing half 201, a display 202, an OK button
204, a universal port connector 205, a down button 206, a sec-
ond housing half 207, a back button 208, a port cover 209, an
up button 210, light emitting diode (LED) 212, and a strip
port connector (SPC) 214. In an embodiment of this invention,
a first housing half 201 and second housing half 207 may adapt
to join together to form an ergonomically shaped handheld glu-
cose meter which encloses both a motherboard and a daughter-

board which will be described in detail below.

Figures 3 and 4 show a simplified schematic bottom and top
plan view, respectively, of an embodiment of a motherboard 234
having a bottom surface 252 and a top surface 250. As shown in
Figure 4, motherboard 234 has mounted on top surface 250, the
strip port connector 214, the display 202, and a plurality of
navigation buttons 216, namely the OK button 204, the down
button 206, the back button 208 and the up button 210 (see
Figure 1) for effecting wuser entries e.g. by navigating
through a menu structure of a user interface. The navigation
buttons 216 may be utilized for initiating a particular action
by the remote controller 200 or to input data into the remote
controller 200, e.g. in order to adjust the operation of the
insulin pump 300 with regard to various patlent parameters
such as e.g. his or her weight. As shown in Figure 3, mother-

board 234 has mounted on bottom surface 252 an alarm 226, a
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blood glucose measurement means 220 for determining the level
of blood glucose, a wired communication port 224, a memory
230, a first connector 238, a motherboard electrostatic dis-

charge (ESD) circuitry 242, and a microprocessor 228.

Figures 5 and 6 show a simplified schematic top and bottom
plan view, respectively, of an embodiment of a daughterboard
236 having a top surface 254 and a bottom surface 256. As
shown in Figure 5, daughterboard 236 has mounted on its top
surface 254, a memory chip port 232, a daughterboard ESD cir-
cuitry 244, an antenna impedance matching network 219, a radio
frequency transceiver 218, and a second connector 240. As
shown in Figure 6, daughterboard 236 has mounted on its bottom
surface 256, a dielectric material 248 and an antenna element
246 coupled to the transceiver 218. It should be noted that a
combination of dielectric material 248 and antenna element 246
may be simply referred to as an antenna. Antenna element 246
may be a contiguous conductive material having a 3-dimensional
shape which is disposed on a portion of dielectric material
248 as also shown 1in Figure 9. The use of daughterboard 236
provides an additional set of two surfaces (i.e. top surface
254 and bottom surface 256) in which electronic components can
be mounted. This allows more electronics to be efficiently en-
closed within first housing half 201 and second housing half
'207. The daughterboard 236 may also include control electron-
ics, e.g. in the form of a microprocessor, operable to compose
data frames to be transmitted by means of the transceiver 218,
to analyze data frames received by the transceiver 218, and to
activate and deactivate the transceiver 218 to transmit and/or

receive data frames.

Motherboard 234 includes all of the functional circuitry re-
gquired for performing an episodic glucose measurement test,
whereas daughterboard 236 includes all of the functional cir-

cuitry required for a wireless communication with one or more
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peripheral medical devices such as insulin pump 300. From the
above description, it 1is evident that the motherboard 234
forms a blood glucose measuring module in accordance with the
present invention and that the daughterboard 236 forms a wire-
less communication module 1in accordance with the present in-
vention. In the shown embodiment, motherboard 234 and daugh-
terboard 236 are electrically connected, respectively, by the
first connector 238 and the second connector 240, both of
which are adapted to reversibly mate and to effect a releas-
able electrical connection which can be repeatedly and selec-
tively disconnected and re-established. In an embodiment of
this invention, motherboard 234 and daughterboard 236 are dis-
posed in a stacking orientation such that when they are mated
together by means of connectors 238 and 240 bottom surface 252
of motherboard 234 is orientated in a spaced apart and facing
arrangement with top surface 254 of daughterboard 236 (see

Figures 3, 5, and 10).

Figure 9 shows two batteries 222 which are disposed in a posi-
tion such that a major axis of antenna element 246 is parallel
to a major axis of batteries 222. Batteries 222 may be dis-
posed in a battery compartment which is integrated as a por-
tion of second housing half 207 (not shown). In the embodiment
shown in Figures 5, 6 and 9, daughterboard 236 has an "L"
shape to provide room for batteries 222 which in this case are

two AAA alkaline batteries as shown in Figures 5 and 9.

Remote controller 200 may be designed such that it can be op-
erated while on a tabletop or while being held by a user's
hand. First housing half 201 may be a top surface of remote
controller 200 and second housing half 207 may be a bottom
surface of remote controller 200. During the use of remote
controller 200, its bottom surface should be disposed on ei-
ther a tabletop or the user's hand and thus should not be

viewable by a user. However, the top surface of remote con-
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troller 200 should be viewable by a user during use. There-
fore, display 2O2Iand navigation buttons 216 should be mounted
on top surface 250 of motherboard 234. In addition, top sur-
face 250 of motherboard 234 should be disposed immediately un-
derneath first housing half 201 such that corresponding aper-
tures within first housing half 201 adapt to the shape of dis-
play 202 and navigation buttons 216. This allows display 202
and navigation buttons 216 to be viewable on the top surface

of remote controller 200.

It is desirable to make the size of remote controller 200
relatively small so that it can easily fit into a palm of a
user's hand. In general, a length and a width of motherboard
234 must be about the same as remote controller 200 in order
to efficiently use all of the usable space available within
remote controller 200 for mounting electronic components.
Typically, there is a desire to have sufficiently large navi-
gation buttons 216 and display 202 so that a user can easily
see and handle them. Therefore, in order to design remote con-
troller 200 as small as possible and have sufficiently large
navigation buttons 216 and display 202, motherboard 234 should
have an efficiently packed set of electronic components leav-
ing little to no usable space. In an embodiment of this inven-
tion, the set of electronic components mounted to top surface
250 on motherboard 234 may include display 202, navigation
buttons 216, and strip port connector 214. Figure 4 shows that
the set of electronic components occupy nearly all of the us-
able area of the top surface of motherboard 234 making it dif-
ficult to mount additional electronic components without in-

creasing the size of motherboard 234.

Display 202 may be a liquid crystal display (LCD) to show both
textual and graphical information to a user. A user interface
(UI) may be a software driven menu that is shown on display

202 that enables the user to operate remote controller 200. A
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user can navigate through the UI using navigation buttons 216
which include up button 210, down button 206, OK button 204,
and back button 208. In an embodiment of this invention, the
UI allows a user to operate an insulin pump, query the status
of the insulin pump, measure blood glucose episodically, and
to display data on display 202 (e.g. glucose concentration

versus time).

Alarm 226 which may be in a variety of forms to warn a user of
various statuses that might need an actionable response. For
example, alarm 226 may include an audio alarm (monophonic
beeps or polyphonic tones), a vibratory alarm, or a LED 212
which may be a multi-colored LED that can illuminate red, yel-
low, and green light. In an embodiment of this invention, an
alarm signal my be used to warn a user that there is a low
blood glucose reading, a partially filled blood glucose test
strip, a low reservoir of insulin, an occlusion in insulin
pump 300, a low battery status for insulin pump 300, a low
battery status for remote controller 200, and/or an improperly
filled test strip.

Blood glucose measurement means 220 may be a potentiostat de-
signed for performing an episodic electrochemical measurement
of a physiological fluid. In an embodiment of this invention,
blood glucose measurement means 220 may apply a constant po-
tential such as, for example, about +0.4 V between a working
electrode and a reference electrode of a disposable test
strip. A disposable test strip which may be suitable for use
in the present invention is the OneTouch Ultra test strip
which 1s commercially available from LifeScan, Inc. in
Milpitas, California, U.S.A. The disposable test strip may be
inserted into and electrically connected with strip port con-
nector 214. After insertion, a physiological fluid such as
blood may be applied to the disposable test strip causing the
test to initiate. A reagent layer on the disposable test strip
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may proportionally convert an oxidized mediator to a reduced
mediator allowing a current to be measured. A portion of the
current may be sampled and mathematically converted to the

glucose concentration which is displayed on display 202.

Port cover 209 in PFigure 1 is an elastomeric material that
covers over a wired connection port 224 and a memory chip port
232. Examples of a wired connection port may be a universal
serial bus (USB) or a serial RS232. Wired connection port 224
may used to connect to a personal computer for transfer-

ring/receiving data and/or a software code.

Radio frequency (RF) transceiver 218 may be an electronic cir-
cuit capable of receiving and sending a wireless signal to a
peripheral medical device. RF transceiver 218 may include a
microprocessor for managing and processing a wireless signal.
In an embodiment of this invention, RF transceiver 218 may use
one of a variety of frequency formats and/or protocols such
as, for example, an Industry-Scientific-Medical (ISM) fre-
quency band, a Bluetooth format, a ZigBee format, and a WLAN
format. In the ISM frequency band, the frequency may range
from about 868 MHz to about 928 MHz. Antenna element 246 may
be mounted to dielectric material 248 which in turn is mounted
to bottom surface 256 of daughterboard 236. Antenna element
246 may be used as a conduit for sending and receiving wire-—
less signals 310. Antenna impedance matching network 219 may
be used to compensate for non-idealities or variations in the
impedance of antenna element 246. Electrical signals corre-
sponding to wireless signals 310 received by transceiver 218
are provided, following suitable processing, at connector 240
of daughterboard 236. Electrical signals corresponding to
wireless signals 310 to be transmitted by transceiver 218 are

provided by motherboard 234 at its connector 238.
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Figures 7 and 8 show a bottom and top plan view, respectively,
of a memory chip 290 having a bottom surface 260 and a top
surface 258. Memory chip 290 may be 1in the form of a non-
volatile semiconductor memory such as, for example, a flash
memory or an electrically erasable programmable read only mem-
ory (EEPROM). In an embodiment of this invention, memory chip
290 may be a type of flash memory called a Smart Card as shown

in Figure 7 and 8.

Figure 10 is a simplified schematic bottom perspective view of
remote controller 200 with second housing half 207 removed.
Memory chip 290 shown in Figures 7 and 8 may be inserted into
memory chip port 232 for storing data and/or upgrading the
software in remote controller 200, such as the software in mi-
croprocessor 228. Memory chip port 232 may be in the form of a
slot on a side portion of remote controller 200 underneath
port cover 209. Figure 10 shows a partial insertion of memory
chip 290 into the slot. Memory chip port 232 1is a connector
having a plurality of memory chip port contacts 233 to elec-
trically connect to a corresponding plurality of memory chip
contacts 292 which are disposed on memory chip 2%90. Memory
chip port 232 may be mounted on top surface 254 of daughter-
board 236 allowing memory chip port contacts 233 to be facing

upwards when inserted.

Memory chip 290 must be inserted into memory chip port 232 in
a particular orientation such that a proper electrical connec-
tion can be established between memory chip 290 and remote
controller 200. However, there are several orientations in
which memory chip 290 may be inserted into memory chip port
232 and it may not be obvious to a user which way 1is proper.
For example, there are four different permutations in which
memory chip 290 may be inserted into memory chip port which
are 1) top surface 258 facing upward towards a user and in-

serting initially a first end 294, 2) top surface 258 facing
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upward towards a user and inserting initially a second end
296, 3) bottom surface 260 facing upwards towards a user and
inserting initially first end 294, and 4) bottom surface 260
facing upwards towards a user and inserting initially second
end 296.

In an embodiment of this invention, memory chip 290 should
have some printed artwork, such as an arrow and/or some text
on either top surface 258 or bottom surface 260, to guide the
user towards the proper orientation in inserting memory chip
290 and to clearly identify the memory chip 290. However, bot-
tom surface 260 of memory chip 290 is substantially covered by
memory chip contacts 292 making it difficult to print the art-
work on bottom surface 260. Thus, the artwork should be
printed on top surface 258 of memory chip 290. This will allow
a user to view the artwork on top surface 258 of memory chip
290 while inserting it into memory chip port 232. In this con-
figuration, memory chip contacts 292 should be facing downward
and memory chip port contacts 233 should be facing upwards to

allow for proper electrical connection.

It should be noted that daughterboard 236 provide an addi-
tional top surface 254 in which memory chip port 232 can be
mounted such that memory chip port contacts 233 face upwards.
It is not practical to mount memory chip port to top surface
250 of motherboard 234 because of a lack of usable space. As
mentioned earlier, top surface 250 of motherboard 234 was pre-
dominantly occupied by navigational buttons 216 and display
202. Thus, the use of daughterboard 236 helps conserve space
by allowing memory chip port 232 to mounted to it with memory
chip connector contacts 233 facing upwards. This prevents hav-
ing to mount memory chip port 232 to top surface 250 of moth-
erboard 234 which would increase the size of motherboard 234
which is undesirable increase because this would, in turn, in-

crease the size of remote controller 200.
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It is an advantage of this invention that remote controller
200 can adapt or upgrade its wireless hardware in a simple and
flexible manner. Because the wireless circuitry is compartmen-
talized from the blood glucose measuring circuitry, it is a
simple procedure to replace the wireless circuitry which in
this case is located on daughterboard 236. Thus, daughterboard
236 may be swapped with a new one having a different set of
wireless components mounted thereon while retaining the cir-

cuitry located on the motherboard 234 for measuring glucose.

It is another advantage of this invention that a modular glu-
cose meter having a wireless functionality can have a simpler
to perform quality control procedure. Because the functional
circuitry for the wireless capability and the glucose measure-—
ment -are on separate circuit boards, separate quality control
tests can be performed on the spatially separated circuit
boards. The wireless signal generated by the wireless cir-
cuitry may interfere with the quality control testing for the
glucose measuring circuitry. This would make the gquality con-
trol procedure complicated to perform if both sets of circuits
are electrically connected and in close proximity to each
other. Thus, the likelihood of encountering interferences dur-
ing quality control testing will be reduced by performing the
two quality control tests separately such that motherboard 234
and daughterboard 236 are not in close proximity to each

other.

It is yet another advantage of this invention that daughter-
board 236 helps economizes space on motherboard 234. A suffi-
ciently large LCD and navigation buttons can be mounted to top
surface 250 of motherboard 234 that are easy for a user to see
while at the same time allowing remote controller 200 to have
a relatively small footprint. Further, daughterboard 236 al-
lows memory chip port 232 to be mounted such that the memory
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chip 290 can be inserted with memory chip contacts 292 facing
downward. This makes the insertion of memory chip 290 easier
because the artwork can be placed on top surface 258 of memory
chip 290 prompting and guiding the user to insert memory chip

290 with the proper orientation.

Page 211 of 320



WO 2008/061552 PCT/EP2006/011263

Claims

1. A blood glucose meter (200) comprising:
a blood glucose measuring module (234) for performing a
blood glucose measuring function and
a wireless communication module (236) adapted for estab-
lishing a wireless communication link with an external de-
vice and exchanging information with the external device
via the wireless communication link according to a prede-
termined frequency format and protocol,
wherein the blood glucose measuring module (234) and the
wireless communication module (236) are physically sepa-
rate units electrically connected in order to allow for an
exchange of electrical signals corresponding to informa-
tion to be transmitted by the wireless communication mod-
ule (236) and/or information received by the wireless com-—
munication module (236),
characterized in that the blood glucose measuring module
(234) and the wireless communication module (236) both
comprise a connector component (238, 240), wherein the two
connector components (238, 240) are adapted to releasably
establish the electrical connection between the blood glu-
cose measuring module (234) and the wireless communication
module (236).

2. The blood glucose meter according to claim 1, wherein the
frequency format and/or protocol according to which the
blood glucose meter (200) can communicate with an external
device can be changed by replacing the wireless communica-
tion module (236) with another wireless communication mod-
ule (236) which is adapted to communicate according to a

different frequency format and/or protocol.

3; The blood glucose meter according to claim 1 or claim 2,

wherein the blood glucose measuring module (234) comprises
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a control means (228) operable to control the electrical
signals provided by the blood glucose measuring module

(234) at its connector component (238).

The blood glucose meter according to any of the preceding
claims, wherein the frequency format and/or protocol ac-
cording to which the blood glucose meter (200) can commu-
nicate with an external device can be changed solely by
replacing the wireless communication module (236) with an-
other wireless communication module (236) which is adapted
to communicate according to a different frequency format

and/or protocol.

The blood glucose meter according to claim 3, wherein the
wireless communication module (236) comprises a memory
chip connector (232) for electrically connecting the wire-
less communication module (236) with a non-volatile semi-
conductor memory card (290), and wherein the control means
(228) of the blood glucose measuring module (234) is
adapted to operate in accordance with information stored
in a non-volatile semiconductor memory card (290) con-—
nected to the memory chip connector (232) of the wireless

communication module (236).

The blood glucose meter according to claim ‘3, wherein the
control means (228) can be reprogrammed in order to change
the electrical signals provided during operation by the
blood glucose measuring module (234) at its connector com-
ponent (238).

The blood glucose meter according to claim 6, wherein the
wireless communication module (236) comprises a memory
chip connector (232) for electrically connecting the wire-
less communication module (236) with a non-volatile semi-

conductor memory card (290) , and wherein the control
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10.

11.

means (228) of the blood glucose measuring module (234)
can be reprogrammed in accordance with information stored
in a non-volatile semiconductor memory card (290) con-
nected to the memory chip connector (232) of the wireless

communication module (236).

The bloocd glucose meter according to claim 6 or claim 7/
wherein the frequency format and/or protocol according to
which the blood glucose meter (200) can communicate with
an external device can be changed by replacing the wire-
less communication module (236) with another wireless com-
munication module (236) which is adapted to communicate
according to a different frequency format and/or protocol
and reprogramming the control means (228) of the blood

glucose measuring module (234).

The blood glucose meter according to any of the preceding
claims, wherein the wireless communication module (236)
comprises a memory chip connector (232) for electrically
connecting the wireless communication module (236) with a

non-volatile semi-conductor memory card (290).

The blood glucose meter according to any of claims 5, 7,
and 9, wherein the memory chip connector (232) is orien-
tated such that a set of contacts (292) on a memory card
(290) connected to the memory chip connector (232) face
downwards allowing a user to more easily observe upward
facing artwork on the memory card (290) as it is inserted

into said klood glucose meter (200).

The blood glucose meter according to any of the preceding
claims, wherein the blood glucose measuring module (234)
comprises a power supply for operating the wireless commu-
nication module (236), and wherein the electrical signals

provided during operation by the blood glucose measuring
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12.

13.

14.

15.

le.

17.

module (234) at its connector component (238) include sig-
nals for supplying power to the wireless communication
module (236).

The blood glucose meter according to any of the preceding
claims, wherein the wireless communication module (236)
comprises a transceiver (218), an antenna impedance match-

ing network (21) and an antenna (246, 248).

The blood glucose meter according to claim 12, wherein the
wireless communication module (236) further 1includes an

electrostatic discharge (ESD) protection circuit (244).

The blood glucose meter according to any of the preceding
claims, wherein the blood glucose meter (200) comprises a
housing (201, 207) in which the blood glucose measuring
module (234) and the wireless communication module (236)

are enclosed.

The blood glucose meter according to any of the preceding
claims, wherein the blood glucose measuring module (234)
comprises a first printed circuit board on which blood
glucose measuring circuitry (220) 1is mounted, and the
wireless communication module (236) comprises a second
printed circuit board on which wireless communication cir-
cuitry (218, 219, 246) is mounted.

The blood glucose meter according to claims 12 and 15,
wherein the transceiver (218), the antenna impedance
matching network (219) and the antenna (246, 248) are

mounted on the second printed circuit board.

The blood glucose meter according to claims 13 and 16,
wherein the ESD protection circuit (244) is mounted on the

second printed circuit board.
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18.

19.

20.

21.

22.

23.

The blood glucose meter according to any of claims 15 to
17, wherein the first printed circuit board is a mother-
board and the second printed circuit board is a daughter-

board.

The blood glucose meter according to any of claims 15 to
18, wherein the second printed circuit bocard is disposed

on the first printed circuit board.

The blood glucose meter according to any of the preceding
claims, wherein one of the connector compcnents (238, 240)
of the blood glucose measuring module (234) and the wire-
less communication module (236) is the plug component of a
plug and socket connector and the other connector compo-
nent (238, 240) is the socket component of the plug and

socket connection.

The blood glucose meter according to any of claims 1 to
19, wherein the connector components (238, 240) of the
blood glucose measuring module (234) and the wireless com-—
munication module (236) are adapted to be connected by a

cable having suitable connector components at its ends.

The blood glucose meter according to any of the preceding
claims, wherein the wireless communication module (236) is
adapted to communicate according to the 1ISM, Bluetooth,
ZigBee or WLAN standard.

A blood glucose meter system comprising:

a blood glucose meter (200) according to any of claims 1
to 19, and

at least one further wireless communication module (236)
similar to the wireless communication module (236) but

adapted for establishing a wireless communication 1link
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with an external device and exchanging information with
the external device via the wireless communication 1link
according to a predetermined frequency format and protocol
different from the frequency format and/or protocbl of the
wireless communication module (236),

wherein the frequency format and/or protocol according to
which the blood glucose meter (200) can communicate with
an external device can be changed by replacing the wire-
less communication module (236) with one of the at least

one further wireless communication module (236).

24. The blood glucose meter system according to claim 23,
wherein the wireless communication module (236) and the at
least one further wireless communication module (236) in-
clude wireless communication modules (236) adapted to com-
municate according to the ISM, Bluetooth, ZigBee or WLAN

standard.

25. A method of constructing a blood glucose meter (200) ac-
cording to any of claims 1 to 22 comprising the steps of:
providing a blood glucose measuring module (234) for per-
forming a blood glucose measuring function,
providing a plurality of wireless communication modules
(236), each adapted for establishing a wireless communica-
tion link with ‘an external device and exchanging informa-
tion with the external device via the wireless communica-
tion 1link according to a predetermined frequency format
and protocol different from the frequency format and/or
protocol of the other wireless communication modules
(236), wherein the blood glucose measuring module (234)
and the wireless communication modules (236) are physi-
cally separate units and wherein the blood glucose measur-
ing module (234) and each wireless communication module
(236) comprise respective connector components (238, 240)

by means of which a selected one of the wireless communi-
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cation modules (236) may be releasably electrically con-
nected to the blood glucose measuring module (234) in or-
der to allow for an exchange of electrical signals corre-
sponding to information to be transmitted by the respec-
tive wireless communication module (236) and/or informa-
tion received by the respective wireless communication
module (236),

selecting one of the plurality of wireless communication
modules (236) 1in accordance with the desired frequency
format and protocol, and

establishing an electrical connection between the selected
wireless communication module (236) and the blood glucose
measuring module (234) by means of the respective connec-

tor components (238, 240).
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NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/411,154 08/25/2021 3791 2820 A0130.0090.C7 30 1
CONFIRMATION NO. 1823
95508 FILING RECEIPT

2000 MacArthur Bl N LI R0 S A

East Tower, Suite 500
Newport Beach, CA 92660

Date Mailed: 09/02/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Wesley Scott Harper, Alameda, CA;
Applicant(s)

ABBOTT DIABETES CARE INC., Alameda, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 17/245,719 04/30/2021 PAT 11116431
which is a CON of 16/228,910 12/21/2018 PAT 11013431
which is a CON of 15/061,774 03/04/2016 PAT 10194844
which is a CON of 13/925,694 06/24/2013 PAT 9310230
which is a CON of 12/769,635 04/28/2010 PAT 8483967
which claims benefit of 61/173,600 04/29/2009

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 09/01/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/411,154

Projected Publication Date: 12/09/2021
Non-Publication Request: No
Early Publication Request: No

Title
METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION AND
PROCESSING

Preliminary Class
600

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823
95508 7590 09/29/2021 | XAMINGR |
One LLP
4000 MacArthur Blvd.
East Tower, Suite 500
Newport Beach, CA 92660 | ART UNIT | PAPER NUMBER |
1631
| NOTIFICATION DATE | DELIVERY MODE |
09/29/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPdocketing @onellp.com
PAIRgroup@onellp.com
onellpdocketing @onellp.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
17/411,154 Harper, Wesley Scott
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET No
BAYLOR

1. THE REQUEST FILED 25 August 2021 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track ).
B. (J for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendmen mend th lication ntain more than f
independent claims. more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823
95508 7590 11/09/2021 | XAMINGR |
One LLP
4000 MacArthur Blvd. LIN, JERRY
East Tower, Suite 500
Newport Beach, CA 92660 | ART UNIT | PAPER NUMBER |
1631
| NOTIFICATION DATE | DELIVERY MODE |
11/09/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPdocketing @onellp.com
PAIRgroup@onellp.com
onellpdocketing @onellp.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/411,154 Harper, Wesley Scott
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
JERRY LIN 1631 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 25 August 2021.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.
3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ____;therestriction requirement and election have been incorporated into this action.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 23-52 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 23-52 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1 The specification is objected to by the Examiner.
11)[0J The drawing(s) fledon _____is/are: a)(] accepted or b)) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some** ¢) None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date 8/25/2021,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20211104
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Application/Control Number: 17/411,154 Page 2
Art Unit: 1631

DETAILED ACTION
Notice of Pre-AlA or AlA Status

The present application is being examined under the pre-AlA first to invent provisions.

Status of the Claims

Claims 23-52 are under examination.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in
public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been obvious over, the
reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645
(Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d
438, 164 USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent either is shown to be commonly owned with the examined application, or
claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. for applications not subject
to examination under the first inventor to file provisions of the AIA. A terminal disclaimer must be signed
in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit

www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
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Application/Control Number: 17/411,154 Page 3
Art Unit: 1631

determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 23-52 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-22 of U.S. Patent No. 8,483,967. Although the claims at issue are not identical, they are not
patentably distinct from each other because the instant claims require all the limitations of the U.S. Patent
with additional limitations. Thus, the subject matter of the U.S. Patent encompasses the subject matter of

the instant claims and are not patentably distinct from each other.

Claims 23-52 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-30 of U.S. Patent No. 11,116,431. Although the claims at issue are not identical, they are
not patentably distinct from each other because the instant claims require all the limitations of the U.S.
Patent with additional limitations. Thus, the subject matter of the U.S. Patent encompasses the subject

matter of the instant claims and are not patentably distinct from each other.

Contact Information
Any inquiry concerning this communication or earlier communications from the examiner should
be directed to JERRY LIN whose telephone number is (571)272-2561. The examiner can normally be
reached M-F, 7am-3:30pm.
Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http:/www.uspto.gov/interviewpractice.
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Application/Control Number: 17/411,154 Page 4
Art Unit: 1631

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Karl
Skowronek can be reached on (571) 272-9047. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional questions,
contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance
from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/JERRY LIN/
Primary Examiner, Art Unit 1631
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/411,154 Harper, Wesley Scott
T -
JERRY LIN 1631
CPC - Searched*
Symbol Date Examiner
A61B5/14532, G16H40/40, A61B5/1473, A61B5/1495, G01D18/00, 11/04/2021 JL
GO01N31/22, GO1N33/66
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.
Search Notes
Search Notes Date Examiner
See Printout 11/04/2021 JL
Inventor search of Wesley Harper in PALM 11/04/2021 JL
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

U.S. Patent and Trademark Office
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Receipt date:

Under the Paperwork Reduction Act of 1995, no

0s/25/2021

17/411,154 -~ GAU:

PTO/SB/08 (09-08)
Approved for use through 10/31/2028. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ersons are required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known
Substitute for form 1449/PTO Application Number To be assigned
INFORMATION DISCLOSURE Filing Date August 25, 2021
STATEMENT BY APPLICANT First Named Inventor Wesley Scott Harper
Art Unit To be assigned
(Use asmany sheets s necesan) Examiner Name To be assigned
Sheet of 21 Attorney Docket No: A0130.0090.C7
US PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Applicant of Cited Vghigrees}?gluelvu;::;ci;r;?és
Initials* No. Number-Kind Code MM-DD-YYYY Document or Relevant Figures Appear
3,581,062 05-21-1971 Aston
3,926,760 12-16-1975 Allen, et al.
3,949,388 04-06-1976 Fuller
4,036,749 07-19-1977 Anderson
4,055,175 10-25-1977 Clemens, et al.
4,129,128 12-12-1978 McFarlane
4,245,634 01-20-1981 Albisser, et al.
4,327,725 05-04-1982 Cortese, ct al.
4,344,438 08-17-1982 Schultz
4,349,728 09-14-1982 Phillips, et al.
4,425,920 01-17-1984 Bourland, et al.
4,441,968 04-10-1984 Emmer, et al.
4,464,170 08-07-1984 Clemens, et al.
4,478,976 10-23-1984 Goertz, ct al.
4,494,950 01-22-1985 Fischell
4,509,531 04-09-1985 Ward
4,527,240 07-02-1985 Kvitash
4,538,616 09-03-1985 Rogoff
4,619,793 10-28-1986 Lee
4,671,288 06-09-1987 Gough
4,703,756 11-03-1987 Gough, et al.
4,731,726 03-15-1988 Allen, IIT
4,749,985 06-07-1988 Corsberg
4,757,022 07-12-1988 Shults, et al.
4,759,828 07-26-1988 Young, ¢t al.
4,777,953 10-18-1988 Ash, et al.
4,779,618 10-25-1988 Mund, et al.
4,847,785 07-11-1989 Stephens
4,854,322 08-08-1989 Ash, et al.
4,890,620 01-02-1990 Gough
4,925,268 05-15-1990 Iyer, et al.
4,953,552 09-04-1990 DeMarzo
4,986,271 01-22-1991 Wilkins
4,995,402 02-26-1991 Smith, et al.
5,000,180 03-19-1991 Kuypers, et al.
5,002,054 03-26-1991 Ash, et al.
5,019,974 05-28-1991 Beckers
5,050,612 09-24-1991 Matsumura
5,051,688 09-24-1991 Murase, et al.
EXAMINER DATE CONSIDERED

Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

1631
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Receipt date:

08/25/2021 17/411,154 - GaU: 1631
PTO/SB/08 (09-08)
Approved for use through 10/31/2028. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
Complete if Known
Substitute for form 1449/PTO Application Number To be assigned
INFORMATION DISCLOSURE Filing Date August 25, 2021
STATEMENT BY APPLICANT First Named Inventor Wesley Scott Harper
Art Unit To be assigned
(Ui asmany sheets as necessar) Examiner Name To be assigned
Sheet of 21 Attorney Docket No: A0130.0090.C7
US PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Applicant of Cited Vghigrees}?gluelvu;::;ci;r;?és
Initials* No. Number-Kind Code MM-DD-YYYY Document or Relevant Figures Appear
5,055,171 10-08-1991 Peck
5,082,550 01-21-1992 Rishpon, et al.
5,106,365 04-21-1992 Hernandez
5,122,925 06-16-1992 | Inpyn
5,135,004 08-04-1992 Adams, et al.
5,165,407 11-24-1992 Wilson, et al.
5,202,261 04-13-1993 Musho, et al.
5,210,778 05-11-1993 Massart
5,228,449 07-20-1993 Christ, et al.
5,231,988 08-03-1993 Wernicke, et al.
5,246,867 09-21-1993 Lakowicz, et al.
5,251,126 10-05-1993 Kahn, et al.
5,262,035 11-16-1993 Gregg, etal.
5,262,305 11-16-1993 Heller, et al.
5,264,104 11-23-1993 Gregg, etal.
5,264,105 11-23-1993 Gregg, et al.
5.279.294 01-18-1994 Anderson, et al.
5,285,792 02-15-1994 Sjoquist, et al.
5,293,877 03-15-1994 O'Hara, ¢t al.
5,299,571 04-05-1994 Mastrototaro
5,320,725 06-14-1994 Gregg, et al.
5,322,063 06-21-1994 Allen, et al.
5,340,722 08-23-1994 Wolfbeis, et al.
5,342,789 08-30-1994 Chick, et al.
5,356,786 10-18-1994 Heller, et al.
5,360,404 11-01-1994 Novacek, etal.
5,372,427 12-13-1994 Padovani, et al.
5,379,238 01-03-1995 Stark
5.3 84,547 01-24-1995 Lynk, et al.
5,390,671 02-21-1995 Lord, etal.
5.391.250 02-21-1995 | Cheney, 11, et al.
5,394,877 03-03-1995 Orr, et al.
5,402,780 04-04-1995 Faasse, Jr.
5.408.999 04-25-1995 Singh, et al.
5,410,326 04-25-1995 Goldstein
5,411,647 05-02-1995 Johnson, et al.
5,431,160 07-11-1995 Wilkins
5,431,921 07-11-1995 Thombre
5,462,645 10-31-1995 Albery, et al.
EXAMINER DATE CONSIDERED
Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
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Sheet 3 of 21 Attorney Docket No: A0130.0090.C7
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5,472,317 12-05-1995 Field, et al.
5,489,414 02-06-1996 Schreiber, et al.
5,497,772 03-12-1996 Schulman, et al.
5,507,288 04-16-1996 Bocker, ctal.
5,509,410 04-23-1996 Hill, et al.
5,514,718 05-07-1996 Lewis, et al.
5,531,878 07-02-1996 Vadgama, et al.
5,552,997 09-03-1996 Massart
5,568,806 10-29-1996 Cheney, 11, et al.
5,569,186 10-29-1996 Lord, et al.
5,582,184 12-10-1996 Erickson, et al.
5,586,553 12-24-1996 Halili, et al.
5,593,852 01-14-1997 Heller, et al.
5,601,435 02-11-1997 Quv
5,609,575 03-11-1997 Larson, ct al.
5,628,310 05-13-1997 Rao, et al.
5,640,954 06-24-1997 Pfeiffer, et al.
5,653,239 08-05-1997 Pompei, et al.
5,665,222 09-09-1997 Heller, et al.
5,711,001 01-20-1998 Bussan, ¢t al.
5,711,861 01-27-1998 Ward, et al.
5,726,646 03-10-1998 Bane, ctal.
5,735,285 04-07-1998 Albert, et al.
5,748,103 05-05-1998 Flach, et al.
5,771,891 06-30-1998 Gozani
5,772,586 06-30-1998 Heinonen, et al.
5,791,344 08-11-1998 Schulman, et al.
5,807,375 09-15-1998 Gross, ct al.
5,875,186 02-23-1999 Belanger, et al.
5,899,855 05-04-1999 Brown
5,914,026 06-22-1999 Blubaugh, Jr., etal.
5,925,021 07-20-1999 Castellano, et al.
5,942,979 08-24-1999 Luppino
5,951,521 09-14-1999 Mastrototaro, etal.
5,957,854 09-28-1999 Besson, et al.
5,961,451 10-05-1999 Reber, et al.
5,964,993 10-12-1999 Blubaugh, Jr., etal.
5,965,380 10-12-1999 Heller, et al.
5,971,922 10-26-1999 Arita, et al.
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5,972,199 10-26-1999 Heller, et al.
5,987,353 11-16-1999 Khatchatrian, ctal.
5,995,860 11-30-1999 Sun, et al.
6,001,067 12-14-1999 Shults, et al.
6,004,278 12-21-1999 Botich, et al.
6,022,315 02-09-2000 1iff
6,024,699 02-15-2000 Surwit, et al.
6,028,413 02-22-2000 Brockmann
6,049,727 04-11-2000 Crothall
6,052,565 04-18-2000 Ishikura, ct al.
6,066,243 05-23-2000 Anderson, et al.
6,083,710 07-04-2000 Heller, et al.
6,088,608 07-11-2000 Schulman, et al.
6,091,975 07-18-2000 Daddona, et al.
6,091,976 07-18-2000 Pfeiffer, et al.
6,093,172 07-25-2000 Funderburk, et al.
6,096,364 08-01-2000 Bok, et al.
6,103,033 08-15-2000 Say, et al.
6,117,290 09-12-2000 Say, et al.
6,119,028 09-12-2000 Schulman, et al.
6,120,676 09-19-2000 Heller, et al.
6,121,009 09-19-2000 Heller, et al.
6,121,611 09-19-2000 Lindsay, et al.
6,122 351 09-19-2000 Schlueter, Jr., et al.
6,129 823 10-10-2000 Hughes, et al.
6,134,461 10-17-2000 Say, et al.
6,141,573 10-31-2000 Kurnik, et al.
6,143,164 11-07-2000 Heller, et al.
6,159,147 12-12-2000 Lichter, etal.
6,162,611 12-19-2000 Heller, et al.
6,175,752 01-16-2001 Say, et al.
6,200,265 03-13-2001 Walsh, et al.
6.212. 416 04-03-2001 Ward, et al.
6,219,574 04-17-2001 Cormier, et al.
6,248,067 06-19-2001 Causey, III, et al.
6,254,586 07-03-2001 Mann, et al.
6,270,455 08-07-2001 Brown
6,275,717 08-14-2001 Gross, ¢t al.
6,283,761 09-04-2001 Joao
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6,284,478 09-04-2001 Heller, et al.
6.293.925 09-25-2001 Safabash, et al.
6.295.506 09-25-2001 | Heinonen, et al.
6.306. 104 10-23-2001 | Cunningham, et al.
6,309,884 10-30-2001 Cooperet al.
6,314,317 11-06-2001 Willis
6,329,161 12-11-2001 Helleret al.
6.348.640 02-19-2002 | Navot. et al.
6,359,270 03-19-2002 Bridson
6,359,444 03-19-2002 Grimes
6.360.888 03-26-2002 | Mclvor, et al.
6.366,794 04-02-2002 | Moussy, et al.
6.377.828 04-23-2002 | Chaiken, et al.
6.379.301 04-30-2002 | Worthington, et al.
6,418,332 07-09-2002 Mastrototaro, etal.
6,424,847 07-23-2002 Mastrototaro, et al.
6.427.088 07-30-2002 | Bowman, IV, etal.
6.440.068 08-27-2002 | Brown, etal.
6.471.689 10-29-2002 | Joseph, et al.
6,478,736 11-12-2002 Mault
6,484,045 11-19-2002 Holker, etal.
6.484.046 11-19-2002 | Say, et al.
6.493.069 12-10-2002 | Nagashimada, etal.
6.498.043 12-24-2002 | Schulman, et al.
6.514.718 02-04-2003 | Heller, et al.
6.546.268 04-08-2003 Ishikawa, et al.
6,551,494 04-22-2003 Heller, et al.
6.554.798 04-29-2003 Mann, et al.
6.558.321 05-06-2003 Burd, et al.
6.558.351 05-06-2003 Steil, et al.
6.560.471 05-06-2003 | Heller, et al.
6.561.978 05-13-2003 Conn, et al.
6.562.001 05-13-2003 Lebel, et al.
6,564,105 05-13-2003 Starkweather, et al.
6.565.509 05-20-2003 Say, et al.
6.571.128 05-27-2003 Lebel, et al.
6.572.542 06-03-2003 Houben, et al.
6,574,490 06-03-2003 Abbink, et al.
6.576.101 06-10-2003 | Heller. etal.
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6,577,899 06-10-2003 Lebel, ctal.
6,579,690 06-17-2003 Bonnecaze, ctal.
6,585,644 07-01-2003 Lebel, ctal.
6,591,125 07-08-2003 Buse, et al.
6,595,919 07-22-2003 Bemer, et al.
6,605,200 08-12-2003 Mao, ctal.
6,605,201 08-12-2003 Mao, ctal.
6,607,509 08-19-2003 Bobroff, ctal.
6,610,012 08-26-2003 Mault
6,633,772 10-14-2003 Ford, etal.
6,635,014 10-21-2003 Starkweather, et al.
6,648,821 11-18-2003 Lebel, ctal.
6,654,625 11-25-2003 Say, et al.
6,658,396 12-02-2003 Tang, et al.
6,659,948 12-09-2003 Lebel, ctal.
6,668,196 12-23-2003 Villegas, et al.
6,675,030 01-06-2004 Ciurczak, et al.
6,676,816 01-13-2004 Mao, et al.
6,687,546 02-03-2004 Lebel, ctal.
6,689,056 02-10-2004 Kilcoyne, et al.
6,694,191 02-17-2004 Starkweather, et al.
6,695,860 02-24-2004 Ward, et al.
6,702,857 03-09-2004 Brauker, ctal.
6,733,446 05-11-2004 Lebel, ctal.
6,740,075 05-25-2004 Lebel, ctal.
6,741,877 05-25-2004 Shults, et al.
6,743,635 06-01-2004 Neel, et al.
6,746,582 06-08-2004 Heller, et al.
6,758,810 07-06-2004 Lebel, ctal.
6,770,030 08-03-2004 Schaupp, et al.
6,789,195 09-07-2004 Prihoda, et al.
6,790,178 09-14-2004 Mault, et al.
6,809,653 10-26-2004 Mann, et al.
6,810,290 10-26-2004 Lebel, ctal.
6,811,533 11-02-2004 Lebel, ctal.
6,811,534 11-02-2004 Bowman, IV, et al.
6,813,519 11-02-2004 Lebel, ctal.
6,837,858 01-04-2005 Cunningham, et al.
6,862,465 03-01-2005 Shults, et al.
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6,873,268 03-29-2005 Lebel, ctal.
6,881,551 04-19-2005 Heller, et al.
6,892,085 05-10-2005 Mclvor, et al.
6,895,265 05-17-2005 Silver
6,923,763 08-02-2005 Kovatchev, etal.
6,931,327 08-16-2005 Goode, Jr., et al.
6,932,894 08-23-2005 Mao, et al.
6,936,006 08-30-2005 Sabra
6,942,518 09-13-2005 Liamos, et al.
6,950,708 09-27-2005 Bowman, IV, et al.
6,958,705 10-25-2005 Lebel, ctal.
6,968,294 11-22-2005 Gutta, ct al.
6,971,274 12-06-2005 Olin
6,974,437 12-13-2005 Lebel, ctal.
6,990,366 01-24-2006 Say, et al.
6,997,907 02-14-2006 Safabash, et al.
6,998,247 02-14-2006 Monfre, et al.
6,999,854 02-14-2006 Roth
7,003,336 02-21-2006 Holker, etal.
7,003,340 02-21-2006 Say, et al.
7,003,341 02-21-2006 Say, et al.
7,015.817 03-21-2006 Copley, etal.
7,016,713 03-21-2006 Gardner, et al.
7,024,245 04-04-2006 Lebel, ctal.
7,025,774 04-11-2006 Freeman, et al.
7,027,848 04-11-2006 Robinson, et al.
7,027,931 04-11-2006 Jones, et al.
7,041,068 05-09-2006 Freeman, et al.
7,041,468 05-09-2006 Drucker, et al.
7,046,153 05-16-2006 Qja, et al.
7,052,483 05-30-2006 Woicik
7,056,302 06-06-2006 Douglas
7,074,307 07-11-2006 Simpson, et al.
7,081,195 07-25-2006 Simpson, et al.
7,092,891 08-15-2006 Maus, et al.
7,098,803 08-29-2006 Mann, et al.
7,108,778 09-19-2006 Simpson, et al.
7,110,803 09-19-2006 Shults, et al.
7,113,821 09-26-2006 Sun, et al.
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7,123,950 10-17-2006 Mannheimer
7.134.999 11-14-2006 | Brauker. et al.
7.136.689 11-14-2006 | Shults, et al.
7,153,265 12-26-2006 Vachon
7.155.290 12-26-2006 | Von Arx. et al.
7.171,274 01-30-2007 Starkweather, et al.
7.179.226 02-20-2007 | Crothall, et al.
7.190.988 03-13-2007 | Say, et al
7.192.450 03-20-2007 | Brauker, etal.
7.198.606 04-03-2007 | Boecker. et al.
7.207.974 04-24-2007 | Safabash, etal.
7.226.442 06-05-2007 | Sheppard, et al.
7.226.978 06-05-2007 | Tapsak, etal
7,276,029 10-02-2007 Goode, Jr., et al.
7,278,983 10-09-2007 Ireland, et al.
7.286.894 10-23-2007 | Grant, et al.
7.299.082 11-20-2007 | Feldman. etal.
7.310.544 12-18-2007 | Brister, et al.
7.324.012 01-29-2008 | Mann, et al.
7.329.239 02-12-2008 | Safabash, etal.
7.364.592 04-29-2008 | Carr-Brendel, et al.
7.366.556 04-29-2008 | Brister. et al.
7.379.765 05-27-2008 | Petisce, et al.
7.381.184 06-03-2008 | Funderburk, etal.
7.402.153 07-22-2008 | Steil, et al.
7,424 318 09-09-2008 Brister, ct al.
7.429.258 09-30-2008 | Angel, ct al.
7,455,663 11-25-2008 Bikovsky
7.460.898 12-02-2008 | Brister. et al.
7.462.264 12-09-2008 | Heller. et al.
7.467.003 12-16-2008 | Brister, ct al.
7.471.972 12-30-2008 | Rhodes. et al.
7.494.465 02-24-2009 | Brister. et al.
7.497.827 03-03-2009 | Brister. et al.
7.499.002 03-03-2009 | Blasko. et al.
7.519.408 04-14-2009 | Rasdal, et al.
7.583,990 09-01-2009 Goode, Jr., et al.
7,591,801 09-22-2009 Brauker, ct al.
7.599.726 10-06-2009 Goode, Jr., et al.
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7,613,491 11-03-2009 Boock, et al.
7,615,007 11-10-2009 Shults, et al.
7,632,228 12-15-2009 Brauker, ctal.
7,635,594 12-22-2009 Holmes, et al.
7,637,868 12-29-2009 Saint, et al.
7,640,048 12-29-2009 Dobbles, ct al.
7,651,596 01-26-2010 Petisce, et al.
7,651,845 01-26-2010 Dovle, III, et al.
7,654,956 02-02-2010 Brister, ct al.
7,657,297 02-02-2010 Simpson, et al.
7,697,967 04-13-2010 Stafford
7,699,775 04-20-2010 Desai, ct al.
7,711,402 05-04-2010 Shults, et al.
7,713,574 05-11-2010 Brister, ct al.
7,715,893 05-11-2010 Karnath, et al.
7,727,147 06-01-2010 Osorio, ct al.
7,731,657 06-08-2010 Stafford
7,736,310 06-15-2010 Taub
7,736,344 06-15-2010 Moberg, et al.
7,763,042 07-27-2010 lio, et al.
7,766,829 08-03-2010 Sloan, et al.
7,811,231 10-12-2010 Jin, et al.
7,813,809 10-12-2010 Strother, et al.
7,822,454 10-26-2010 Alden, et al.
7,889,069 02-15-2011 Fifolt, et al.
7,899,545 03-01-2011 John
7,914,460 03-29-2011 Melker, et al.
7,938,797 05-10-2011 Estes
7,941,200 05-10-2011 Weinert, et al.
7,946,985 05-24-2011 Mastrototaro, etal.
7,972,296 07-05-2011 Braig, et al.
7,976,466 07-12-2011 Ward, et al.
7,978,063 07-12-2011 Baldus, ctal.
8,010,174 08-30-2011 Goode, Jr, etal.
8,010,256 08-30-2011 Oowada
8,192,394 06-05-2012 Estes, et al.
8.282.549 10-09-2012 Brauker, ct al.
8,597,570 12-03-2013 Terashima, ct al.
2001/0020124 09-06-2001 Tamada
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2001/0037060 11-01-2001 Thompson, et al.
2001/0037366 11-01-2001 Webb, ctal.
2001/0047604 12-06-2001 Valiulis
2002/0019022 02-14-2002 Dunn, et al.
2002/0054320 05-09-2002 Ogino
2002/0095076 07-18-2002 Krausman, et al.
2002/0103499 08-01-2002 Perez, et al.
2002/0106709 08-08-2002 Potts, et al.
2002/0111832 08-15-2002 Judge
2002/0128594 09-12-2002 Das, ct al.
2002/0133107 09-19-2002 Darcey
2002/0147135 10-10-2002 Schnell
2002/0161288 10-31-2002 Shin, et al.
2002/0188748 12-12-2002 Blackwell, et al.
2003/0005464 01-02-2003 Gropper, et al.
2003/0021729 01-30-2003 Moller, et al.
2003/0023461 01-30-2003 Quintanilla, ct al.
2003/0028089 02-06-2003 Galley, et al.
2003/0060692 03-27-2003 Ruchti, et al.
2003/0060753 03-27-2003 Starkweather, ctal.
2003/0114897 06-19-2003 Von Arx, et al.
2003/0147515 08-07-2003 Kai, et al.
2003/0163351 08-28-2003 Brown
2003/0168338 09-11-2003 Gao ct al.
2003/0199790 10-23-2003 Boecker, et al.
2003/0208113 11-06-2003 Mault, et al.
2003/0212379 11-13-2003 Bylund, et al.
2004/0010207 01-15-2004 Flaherty, et al.
2004/0015102 01-22-2004 Cummingsg, et al.
2004/0041749 03-04-2004 Dixon
2004/0054263 03-18-2004 Moerman, et al.
2004/0060818 04-01-2004 Feldman, et al.
2004/0063435 04-01-2004 Sakamoto, etal.
2004/0064068 04-01-2004 DeNuzzio, et al.
2004/0073266 04-15-2004 Haefner, ct al.
2004/0078215 04-22-2004 Dahlin, et al.
2004/0106858 06-03-2004 Say, et al.
2004/0122353 06-24-2004 Shahmirian, et al.
2004/0133390 07-08-2004 Osorio, ct al.
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2004/0135684 07-15-2004 Steinthal, et al.
2004/0138588 07-15-2004 Saikley, et al.
2004/0147872 07-29-2004 Thompson
2004/0152622 08-05-2004 Keith, et al.
2004/0167801 08-26-2004 Say, et al.
2004/0171921 09-02-2004 Say, et al.
2004/0176672 09-09-2004 Silver, et al.
2004/0204687 10-14-2004 Mogensen, ct al.
2004/0204868 10-14-2004 Maynard, et al.
2004/0223985 11-11-2004 Dunfiled, et al.
2004/0249253 12-09-2004 Racchini, et al.
2004/0254433 12-16-2004 Bandis, et al.
2004/0254434 12-16-2004 Goodnow, et al.
2004/0260478 12-23-2004 Schwamm
2004/0267300 12-30-2004 Mace
2005/0001024 01-06-2005 Kusaka, et al.
2005/0003470 01-06-2005 Nelson, et al.
2005/0004494 01-06-2005 Perez, et al.
2005/0027177 02-03-2005 Shin, et al.
2005/0031689 02-10-2005 Shults, et al.
2005/0038680 02-17-2005 McMahon
2005/0049179 03-03-2005 Davidson, ct al.
2005/0070774 03-31-2005 Addison, et al.
2005/0090607 04-28-2005 Tapsak, et al.
2005/0096511 05-05-2005 Fox, etal.
2005/0096516 05-05-2005 Soykan, et al.
2005/0113886 05-26-2005 Fischell, et al.
2005/0114068 05-26-2005 Chey, et al.
2005/0116683 06-02-2005 Cheng, et al.
2005/0137530 06-23-2005 Campbell, et al.
2005/0173245 08-11-2005 Feldman, et al.
2005/0176136 08-11-2005 Burd, et al.
2005/0182306 08-18-2005 Sloan
2005/0184153 08-25-2005 Auchinleck
2005/0187442 08-25-2005 Cho, et al.
2005/0195930 09-08-2005 Spital, et al.
2005/0204134 09-15-2005 Von Arx, et al.
2005/0214892 09-29-2005 Kovatchev, etal.
2005/0245799 11-03-2005 Brauker, ct al.
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2005/0251033 11-10-2005 Scarantino, et al.
2005/0277912 12-15-2005 John
2006/0001538 01-05-2006 Kraft, et al.
2006/0001551 01-05-2006 Kraft, et al.
2006/0010098 01-12-2006 Goodnow, et al.
2006/0015020 01-19-2006 Neale, et al.
2006/0015024 01-19-2006 Brister, et al.
2006/0017923 01-26-2006 Ruchti, et al.
2006/0020300 01-26-2006 Nghiern, et al.
2006/0031094 02-09-2006 Cohen, et al.
2006/0079740 04-13-2006 Silver, et al.
2006/0091006 05-04-2006 Wang, etal.
2006/0142651 06-29-2006 Brister, ct al.
2006/0154642 07-13-2006 Scannell
2006/0166629 07-27-2006 Reggiardo
2006/0173406 08-03-2006 Haves, et al.
2006/0189863 08-24-2006 Peyser, ctal.
2006/0193375 08-31-2006 Lee, et al.
2006/0222566 10-05-2006 Brauker, ctal.
2006/0224141 10-05-2006 Rush, et al.
2006/0226985 10-12-2006 Goodnow, et al.
2006/0247508 11-02-2006 Fennell
2006/0247985 11-02-2006 Liamos, ctal.
2006/0258929 11-16-2006 Goode, ctal.
2006/0272652 12-07-2006 Stocker, et al.
2006/0290496 12-28-2006 Peeters, et al.
2006/0293607 12-28-2006 Alt, etal.
2007/0010950 01-11-2007 Abensour, et al.
2007/0016381 01-18-2007 Karnath, et al.
2007/0017983 01-25-2007 Frank, et al.
2007/0027381 02-01-2007 Stafford
2007/0033074 02-08-2007 Nitzan, et al.
2007/0060869 03-15-2007 Tolle, ct al.
2007/0060979 03-15-2007 Strother, et al.
2007/0066956 03-22-2007 Finkel
2007/0073129 03-29-2007 Shah, et al.
2007/0078320 04-05-2007 Stafford
2007/0078321 04-05-2007 Mazza, ct al.
2007/0078322 04-05-2007 Stafford
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2007/0078818 04-05-2007 Zvitz, et al.
2007/0093786 04-26-2007 Goldsmith, et al.
2007/0149875 06-28-2007 QOuyang, ct al.
2007/0173706 07-26-2007 Neinast, et al.
2007/0173709 07-26-2007 Petisce, et al.
2007/0173710 07-26-2007 Petisce, et al.
2007/0191702 08-16-2007 Yodfat, et al.
2007/0203407 08-30-2007 Hoss, et al.
2007/0203539 08-30-2007 Stone, et al.
2007/0203966 08-30-2007 Brauker, ct al.
2007/0208246 09-06-2007 Brauker, ct al.
2007/0228071 10-04-2007 Kamen, et al.
2007/0231846 10-04-2007 Cosentino, ct al.
2007/0232878 10-04-2007 Kovatchev, etal.
2007/0235331 10-11-2007 Simpson, et al.
2007/0249922 10-25-2007 Peyser, ctal.
2007/0255321 11-01-2007 Gerber, et al.
2007/0255348 11-01-2007 Holtzclaw
2008/0004904 01-03-2008 Tran
2008/0009692 01-10-2008 Stafford
2008/0033254 02-07-2008 Karnath, et al.
2008/0039702 02-14-2008 Hayter, ct al.
2008/0045824 02-21-2008 Tapsak, et al.
2008/0060955 03-13-2008 Goodnow
2008/0061961 03-13-2008 John
2008/0083617 04-10-2008 Simpson, et al.
2008/0092638 04-24-2008 Brenneman, et al.
2008/0114228 05-15-2008 McCluskey, etal.
2008/0125636 05-29-2008 Ward, et al.
2008/0127052 05-29-2008 Rostoker
2008/0177149 07-24-2008 Weinert, et al.
2008/0194934 08-14-2008 Ray, et al.
2008/0194938 08-14-2008 Brister, ct al.
2008/0197024 08-21-2008 Simpson, et al.
2008/0200788 08-21-2008 Brister, ct al.
2008/0200789 08-21-2008 Brister, ct al.
2008/0200791 08-21-2008 Simpson, et al.
2008/0201325 08-21-2008 Doniger, et al.
2008/0208025 08-28-2008 Shults, et al.
EXAMINER DATE CONSIDERED

ALIL REFERENCES CONEIDERED EXCEPT WHERE LINED THRQUGH. /J.L/

Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is to place a check mark here if English language Translation is attached

Page 255 of 320



Receipt date:

08/25/2021 17/411,154 - GaU: 1631
PTO/SB/08 (09-08)
Approved for use through 10/31/2028. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
Complete if Known
Substitute for form 1449/PTO Application Number To be assigned
INFORMATION DISCLOSURE Filing Date August 25, 2021
STATEMENT BY APPLICANT First Named Inventor Wesley Scott Harper
Art Unit To be assigned
(Ui asmany sheets as necessar) Examiner Name To be assigned
Sheet of 21 Attorney Docket No: A0130.0090.C7
US PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Applicant of Cited Vghigrees}?gluelvu;::;ci;r;?és
Initials* No. Number-Kind Code MM-DD-YYYY Document or Relevant Figures Appear
2008/0214918 09-04-2008 Brister, ct al.
2008/0228051 09-18-2008 Shults, et al.
2008/0228054 09-18-2008 Shults, et al.
2008/0228055 09-18-2008 Sher
2008/0234943 09-25-2008 Ray, et al.
2008/0242961 10-02-2008 Brister, ct al.
2008/0242963 10-02-2008 Essenpreis, ct al.
2008/0254544 10-16-2008 Modzelewski, et al.
2008/0262469 10-23-2008 Brister, ct al.
2008/0269714 10-30-2008 Mastrototaro, ctal.
2008/0269723 10-30-2008 Mastrototaro, ctal.
2008/0287764 11-20-2008 Rasdal, ct al.
2008/0296155 12-04-2008 Shults, et al.
2008/0300572 12-04-2008 Rankers, et al.
2008/0306434 12-11-2008 Dobbles, ct al.
2008/0306435 12-11-2008 Karnath, et al.
2008/0306444 12-11-2008 Brister, ct al.
2008/0312859 12-18-2008 | Skyggebjerg, et al.
2008/0319085 12-25-2008 Wright, et al.
2009/0006061 01-01-2009 Thukral, et al.
2009/0012377 01-08-2009 Jennewine, ctal.
2009/0018424 01-15-2009 Karnath, et al.
2009/0030294 01-29-2009 Petisce, et al.
2009/0036758 02-05-2009 Brauker, ctal.
2009/0036763 02-05-2009 Brauker, ctal.
2009/0040022 02-12-2009 Finkenzeller
2009/0043181 02-12-2009 Brauker, ctal.
2009/0048503 02-19-2009 Dalal, et al.
2009/0054747 02-26-2009 Fennell
2009/0062633 03-05-2009 Brauker, ctal.
2009/0076356 03-19-2009 Simpson, et al.
2009/0076360 03-19-2009 Brister, ct al.
2009/0082693 03-26-2009 Stafford
2009/0085873 04-02-2009 Betts, ct al.
2009/0088787 04-02-2009 Koike, etal.
2009/0093687 04-09-2009 Telfort, et al.
2009/0099436 04-16-2009 Brister, ct al.
2009/0124879 05-14-2009 Brister, ct al.
2009/0124964 05-14-2009 Leach, et al.
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2009/0131768 05-21-2009 Simpson, et al.
2009/0131769 05-21-2009 Leach, et al.
2009/0131776 05-21-2009 Simpson, et al.
2009/0131777 05-21-2009 Simpson, et al.
2009/0131860 05-21-2009 Niglsen
2009/0137886 05-28-2009 Shariati, et al.
2009/0137887 05-28-2009 Shariati, et al.
2009/0143659 06-04-2009 Li, etal.
2009/0156924 06-18-2009 Shariati, et al.
2009/0163791 06-25-2009 Brister, ct al.
2009/0178459 07-16-2009 Li, etal.
2009/0182217 07-16-2009 Li, etal.
2009/0192366 07-30-2009 Mensinger, ct al.
2009/0192380 07-30-2009 Shariati, et al.
2009/0192722 07-30-2009 Shariati, et al.
2009/0192724 07-30-2009 Brauker, ct al.
2009/0192745 07-30-2009 Karnath, et al.
2009/0192751 07-30-2009 Karnath, et al.
2009/0216100 08-27-2009 Ebner, et al.
2009/0216103 08-27-2009 Brister, ct al.
2009/0240120 09-24-2009 Mensinger, ct al.
2009/0240128 09-24-2009 Mensinger, ct al.
2009/0240193 09-24-2009 Mensinger, ct al.
2009/0242399 10-01-2009 Karnath, et al.
2009/0242425 10-01-2009 Karnath, et al.
2009/0247855 10-01-2009 Boock, et al.
2009/0247856 10-01-2009 Boock, et al.
2009/0298182 12-03-2009 Schulat, et al.
2009/0299155 12-03-2009 Yang, etal.
2009/0299156 12-03-2009 Simpson, et al.
2009/0299162 12-03-2009 Brauker, ct al.
2009/0299276 12-03-2009 Brauker, ct al.
2010/0076283 03-25-2010 Simpson, et al.
2010/0093786 04-15-2010 Watanabe, et al.
2010/0096259 04-22-2010 Zhang, et al.
2010/0105999 04-29-2010 Dixon, et al.
2010/0113897 05-06-2010 Brenneman, et al.
2010/0141656 06-10-2010 Krieftewirth
2010/0146300 06-10-2010 Brown
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2010/0152554 06-17-2010 Steine, et al.
2010/0160759 06-24-2010 Celentano, et al.
2010/0168538 07-01-2010 Keenan, et al.
2010/0168540 07-01-2010 Karnath, et al.
2010/0168541 07-01-2010 Karnath, et al.
2010/0168542 07-01-2010 Karnath, et al.
2010/0168543 07-01-2010 Karnath, et al.
2010/0168544 07-01-2010 Karnath, et al.
2010/0168545 07-01-2010 Karnath, et al.
2010/0168546 07-01-2010 Karnath, et al.
2010/0168657 07-01-2010 Karnath, et al.
2010/0174168 07-08-2010 Goode, Jr, etal.
2010/0174266 07-08-2010 Estes
2010/0179399 07-15-2010 Goode, Jr, etal.
2010/0179402 07-15-2010 Goode, Jr, etal.
2010/0179405 07-15-2010 Goode, Jr, etal.
2010/0179408 07-15-2010 Karnath, et al.
2010/0179409 07-15-2010 Karnath, et al.
2010/0185065 07-22-2010 Goode, Jr, etal.
2010/0185071 07-22-2010 Simpson, et al.
2010/0185072 07-22-2010 Goode, Jr, etal.
2010/0185073 07-22-2010 Goode, Jr, etal.
2010/0185074 07-22-2010 Goode, Jr, etal.
2010/0185075 07-22-2010 Brister, ct al.
2010/0185175 07-22-2010 Kamen, et al.
2010/0198035 08-05-2010 Karnath, et al.
2010/0198142 08-05-2010 Sloan, et al.
2010/0213080 08-26-2010 Celentano, et al.
2010/0217105 08-26-2010 Yodfat, et al.
2010/0262201 10-14-2010 He, et al.
2010/0313105 12-09-2010 Nekoomaram, etal.
2010/0331642 12-30-2010 Bruce, et al.
2011/0024043 02-03-2011 Boock, et al.
2011/0024307 02-03-2011 Simpson, et al.
2011/0027127 02-03-2011 Simpson, et al.
2011/0027453 02-03-2011 Boock, et al.
2011/0027458 02-03-2011 Boock, et al.
2011/0028815 02-03-2011 Simpson, et al.
2011/0028816 02-03-2011 Simpson, et al.
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2011/0031986 02-10-2011 Bhat, et al.
2011/0077490 03-31-2011 Simpson, et al.
2011/0148905 06-23-2011 Simmons, et al.
2011/0178461 07-21-2011 Chong, ct al.
2011/0208027 08-25-2011 Wagner, ct al.
2011/0257895 10-20-2011 Brauker, et al.
2011/0287528 11-24-2011 Fern, et al.
2011/0320130 12-29-2011 Valdes, et al.
2012/0078071 03-29-2012 Bohm, et al.
2012/0108934 05-03-2012 Valdes, et al.
2012/0165626 06-28-2012 Irina, et al.
2012/0165640 06-28-2012 Galley, et al.
2013/0035575 02-07-2013 Mayou, et al.
2013/0235166 09-12-2013 Jones, et al.
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EP-0098592 01-18-1984 Fujisawa Pharmaceutical Co., Ltd.
EP-0127958 12-12-1984 Genetics International., Inc.
EP-0320109 06-14-1989 Medisense, Inc.
EP-0390390 10-03-1990 Associated Universities, Inc. et al.
EP-0396788 11-14-1990 PPG Heillige B.V.
Cambridge University,
WO-00/59370 10-12-2000 Technical Services Limited
WO-01/52935 07-26-2001 Medical Research Group, Inc.
WO-01/54753 08-02-2001 Medical Research Group, Inc.
WO-03/82091 10-09-2003 Inverness Medical Limited
WO-2008/001366 01-03-2008 Endo-RhythmLtd.
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3. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:

4. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:
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Reel , Frame , or for which a copy thereof is attached.
To:
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may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.
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evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
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requested assistance from the Member with respect to the subject matter of the record.
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having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. 17/411,154 Docket No.: A0130.0090.C7
9368USC7
REMARKS
Claims 23, 26-31, 33, 35-50, and 53-58 are pending, of which claims 23, 26-31, 33, 35-37,
39-48, and 50 have been amended without prejudice, and claims 53-58 have been newly added.
Claims 24-25, 32, 34, 51-52 have been canceled without prejudice, and claims 1-22 remain canceled
without prejudice. Claim 23 is the only independent claim. Support for the amendments and the new
claims can be found, for example, at paragraphs [0025], [0030] to [0033], [0038], [0046], and [0051]
to [0086], as well as Figures 1 to 6, 7A, and 7B, the original claims, and elsewhere throughout the
application published as U.S. Publ. No. 2021/0378564.1 No new matter has been introduced.
For the reasons set forth below, it is respectfully submitted that the pending claims are

allowable.

NON-STATUTORY DOUBLE PATENTING REJECTIONS

Claims 23-52 were rejected on the ground of non-statutory double patenting over claims 1-22
of U.S. Patent No. 8,483,967. See 11/9/21 NFOA at 2-3. In addition, claims 23-52 were also rejected
on the ground of non-statutory double patenting over claims 1-30 of U.S. Patent No. 11,116,431. See
id.

It is respectfully submitted that the double patenting rejections have been mooted by the
Applicants’ amendments to claims 23, 26-31, 33, 35-37, 39-48, and 50 in the instant application. As

such, it is respectfully requested that the non-statutory double patenting rejections be withdrawn.

CONCLUSION

Amendments to and/or cancellations of the claims are made without prejudice and solely to
clarify the issues before the Examiner and/or to advance prosecution of this application and do not
constitute a de facto acquiescence to any objection and/or rejection. Accordingly, this response does

not concede that previously pending claims are not patentable.

L All citations are provided purely for the benefit of the Examiner. These citations are only examples and in no way
constitute an exhaustive recitation of all written and depicted support for the claims. Additional support can be found
elsewhere, including citations from both the specification and figures that are not stated, as well as the knowledge of those
of ordinary skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject matter
which is cited herein and in no way define the inventive subject matter as being only that which is cited herein.

-9.
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The right is reserved to pursue claims to any subject matter supported by the disclosure of this
application in one or more continuation and/or divisional applications at a later time, including the
subject matter of any previously pending claims regardless of whether those claims were amended or
cancelled herein. This may entail the pursuit of broader claims, narrower claims, and subject matter
that was previously relinquished by virtue of argument or amendment.

Any silence with regard to the rejections of and/or objections to certain dependent claims
constitutes a recognition that such are moot based on amendments or remarks made with respect to
the independent claim from which the dependent claims depend. Such silence does not constitute a
de facto acquiescence to any objection and/or rejection.

In view of the foregoing, it is respectfully submitted that all claims are in allowable form. In
the event that the Examiner deems that a discussion would be helpful in advancing prosecution, the
Examiner is invited to call the undersigned at (949) 444-5970. The USPTO is hereby authorized to
charge any outstanding fees to Deposit Account No. 50-5201.

Dated: December 20, 2021 Respectfully submitted,

/Glen Liu/

Glen Liu

Registration No.: 75,058
ONE LLP

23 Corporate Plaza, Suite 150
Newport Beach, CA 92660
Attorney for Applicant

-10-
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Docket Nos.: A0130.0090.C7
9368USC7

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Wesley Scott Harper

Application No.: 17/411,154 Confirmation No.: 1823
Filed: August 25, 2021 Art Unit: 1631
For: METHODS AND SYSTEMS FOR EARLY Examiner: Jerry Lin
SIGNAL ATTENUATION DETECTION AND
PROCESSING

RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111

EFS Web
Commissioner for Patents

INTRODUCTORY COMMENTS

In response to the Non-Final Office Action dated November 9, 2021 (“11/9/21 NFOA”),

please see the following:
Amendments to the Claims beginning on page 2 of this paper; and

Remarks beginning on page 9 of this paper.
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AMENDMENTS TO THE CLAIMS

This listing of claims replaces all previous versions of the claims in the application.

1-22. (Canceled)

23.  (Currently amended) A glucose monitoring system for backfilling data gaps that

occur while a user monitors glucose levels, the glucose monitoring system comprising:

a glucose sensor, a portion of which is configured to be positioned under skin of the user,

wherein the glucose sensor is configured to sample a biological fluid of the user and to provide

shaeoserelated sensor data; and

a data processing and transmitter unit coupled with to the glucose sensor, the data processing

and transmitter unit comprising a power supply. a processor of the data processing and transmitter

unit. memory of the data processing and transmitter unit. and a radio frequency transceiver of the

data processing and transmitter unit, wherein the data processing and transmitter unit is configured

to:

receive the glucoserelated sensor data from the glucose sensor and store the sensor

data in the memory of the data processing and transmitter unit;

process the glueeserelated sensor data using calibration data to provide processed

sensor data, wherein the calibration data comprises data associated with a sensitivity of the

glucose sensor, and wherein the processed sensor data is stored in the memory of the data

processing and transmitter unit; and

transmit the processed sensor data over a Bluetooth wireless communication link

using the radio frequency transceiver of the data processing and transmitter unit; and
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)a receiver unit[[,]] comprising[[:]] a processor of the receiver unit, memory of the

receiver unit, a radio frequency transceiver of the receiver unit, [[and]] an antenna, and a display,

e Y N

wherein the receiver unit is configured to;

receive, using the antenna and the radio frequency transceiver of the receiver unit,

the processed sensor data transmitted-by-the-data-processing-and-transmitterunit over the

Bluetooth wireless communication link[[;]].

output to the display of the receiver unit, a numerical value representing the

processed sensor data,

output to the display of the receiver unit, a first line graph that is a substantially

continuous depiction of the processed sensor data over time,

wherein the glucose monitoring system is configured to detect an adverse condition, wherein

the adverse condition results in the receiver unit displaying a data gap such that the first line graph

displayed on the receiver unit has an end corresponding to a time associated with a start of the

adverse condition;
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wherein, during a time period corresponding to the adverse condition. sensor data, processed

sensor data, or both, are stored in the memory of the data processing and transmitter unit;

wherein the receiver unit is configured to output to the display. after the adverse condition is

corrected, processed sensor data for the time period corresponding to the adverse condition such that

the data gap is backfilled, and

wherein the processed sensor data for the time period corresponding to the adverse condition

that is outputted to the display after the adverse condition is corrected comprises a second line graph

having a first end corresponding to the time associated with the start of the adverse condition and a

second end corresponding to a time associated with an end of the adverse condition.

24-25. (Canceled)

26. (Currently amended) The glucose monitoring system of claim 23 [[25]], wherein the
first line graph and the second line graph are outputted to a same graph comprising a first axis
having a time unit of measurement and a second axis having a glucose concentration unit of

measurement.

27.  (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mode adverse condition comprises a sensor communication error.

28.  (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mede adverse condition comprises a signal error associated with the glucose sensor.
29. (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a signal error associated with the data processing and

transmitter unit.

30.  (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mede adverse condition comprises a signal error associated with the receiver unit.
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31 (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a system malfunction associated with the data processing

and transmitter unit or a system malfunction associated with the receiver unit.

32.  (Canceled)

33.  (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mede adverse condition comprises an inability of the receiver unit to display or output at

least a portion of the eraphiea ay the first
line graph.

34. (Canceled)

35.  (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a sensor instability condition.

36.  (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a calibration failure condition.

37.  (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a monitoring system failure condition.

38.  (Previously presented) The glucose monitoring system of claim 23, wherein the
glucose sensor comprises a working electrode and a counter electrode.

39.  (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mode adverse condition comprises a sensor misposition error.
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40. (Currently amended) The glucose monitoring system of claim 23, wherein the on
body unit further comprises a temperature sensor, and wherein the fature-mode adverse condition

comprises a temperature measurement outside a predetermined range.

41. (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mode adverse condition comprises an analyte level exceeding a predetermined threshold.

42. (Currently amended) The glucose monitoring system of claim 23, wherein the
fatlure-mede adverse condition comprises a rate of change of an analyte level exceeding a

predetermined threshold.

43, (Currently amended) The glucose monitoring system of claim [[23]] 53, wherein the

fatlure-mede adverse condition comprises a signal error associated with the blood glucose reference

data.

44, (Currently amended) The glucose monitoring system of claim 23, wherein the

fatlure-mede adverse condition comprises a data unavailability condition.

45. (Currently amended) The glucose monitoring system of claim 23, wherein the

iastruetions-stored-+-the-memory-of the receiver unit;-when-exeeuted-by-the-processorfurthereause
the-preeesser 1s further configured to display the second line graph immediately after the correction

of the faslure-mede adverse condition.

46. (Currently amended) The glucose monitoring system of claim 23, wherein the

mstraetionsstored--the-menrery-ofthe receiver unit-when-exeeunted-by-the proeessor-{urthereause
the-preeesser is further configured to wait a predetermined period of time after the correction of the

fatlure-mode adverse condition before displaying the second line graph.
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47.  (Currently amended) The glucose monitoring system of claim 23, wherein the data
processing and transmitter unit, the receiver unit, or both is further configured to store time

information associated with the fatlure-mede adverse condition.

48. (Currently amended) The glucose monitoring system of claim 23, wherein the-e#n

r the data processing and transmitter
unit and at least a portion of the glucose sensor are disposed within [[the]] a single integrated

housing.

49.  (Previously presented) The glucose monitoring system of claim 23, wherein the

receiver unit comprises a mobile phone.

50.  (Currently amended) The glucose monitoring system of claim 23, wherein the time

period associated with the faHure-mede adverse condition comprises at least one hour.

51-52. (Canceled)

53. (New) The glucose monitoring system of claim 23, wherein the glucose monitoring
system is further configured for periodic calibration, and wherein the calibration data is based at
least in part on glucose reference data received after the portion of the glucose sensor has been

positioned under the skin of the user.

54. (New) The glucose monitoring system of claim 53, wherein the glucose monitoring
system is further configured for calibration twelve hours after the portion of the glucose sensor has

been positioned under the skin of the user.

55. (New) The glucose monitoring system of claim 23, wherein the data processing and
transmitter unit is configured to transition from a low-power mode to an operating mode, and
wherein the data processing and transmitter unit consumes more power from the power supply in

the operating mode than in the low-power mode.
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56. (New) The glucose monitoring system of claim 23, wherein the power supply of the
data processing and transmitter unit is configured to provide power for about three months of

continuous operation.

57.  (New) The glucose monitoring system of claim 23, further comprising a secondary
receiver unit, wherein the secondary receiver unit is configured to include a limited number of
functions as compared with the receiver unit, wherein the secondary receiver unit is configured to
receive processed sensor data from the data processing and transmitter unit, and wherein the

secondary receiver unit is a watch.

58.  (New) The glucose monitoring system of claim 23, wherein the glucose sensor is

further configured to continuously sample the biological fluid of the user to provide the sensor data.
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REMARKS
Claims 23, 26-31, 33, 35-50, and 53-58 are pending, of which claims 23, 26-31, 33, 35-37,
39-48, and 50 have been amended without prejudice, and claims 53-58 have been newly added.
Claims 24-25, 32, 34, 51-52 have been canceled without prejudice, and claims 1-22 remain canceled
without prejudice. Claim 23 is the only independent claim. Support for the amendments and the new
claims can be found, for example, at paragraphs [0025], [0030] to [0033], [0038], [0046], and [0051]
to [0086], as well as Figures 1 to 6, 7A, and 7B, the original claims, and elsewhere throughout the
application published as U.S. Publ. No. 2021/0378564.1 No new matter has been introduced.
For the reasons set forth below, it is respectfully submitted that the pending claims are

allowable.

NON-STATUTORY DOUBLE PATENTING REJECTIONS

Claims 23-52 were rejected on the ground of non-statutory double patenting over claims 1-22
of U.S. Patent No. 8,483,967. See 11/9/21 NFOA at 2-3. In addition, claims 23-52 were also rejected
on the ground of non-statutory double patenting over claims 1-30 of U.S. Patent No. 11,116,431. See
id.

It is respectfully submitted that the double patenting rejections have been mooted by the
Applicants’ amendments to claims 23, 26-31, 33, 35-37, 39-48, and 50 in the instant application. As

such, it is respectfully requested that the non-statutory double patenting rejections be withdrawn.

CONCLUSION

Amendments to and/or cancellations of the claims are made without prejudice and solely to
clarify the issues before the Examiner and/or to advance prosecution of this application and do not
constitute a de facto acquiescence to any objection and/or rejection. Accordingly, this response does

not concede that previously pending claims are not patentable.

L All citations are provided purely for the benefit of the Examiner. These citations are only examples and in no way
constitute an exhaustive recitation of all written and depicted support for the claims. Additional support can be found
elsewhere, including citations from both the specification and figures that are not stated, as well as the knowledge of those
of ordinary skill in the art. These citations in no way constitute a disclaimer that the claim covers only that subject matter
which is cited herein and in no way define the inventive subject matter as being only that which is cited herein.

-9.
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The right is reserved to pursue claims to any subject matter supported by the disclosure of this
application in one or more continuation and/or divisional applications at a later time, including the
subject matter of any previously pending claims regardless of whether those claims were amended or
cancelled herein. This may entail the pursuit of broader claims, narrower claims, and subject matter
that was previously relinquished by virtue of argument or amendment.

Any silence with regard to the rejections of and/or objections to certain dependent claims
constitutes a recognition that such are moot based on amendments or remarks made with respect to
the independent claim from which the dependent claims depend. Such silence does not constitute a
de facto acquiescence to any objection and/or rejection.

In view of the foregoing, it is respectfully submitted that all claims are in allowable form. In
the event that the Examiner deems that a discussion would be helpful in advancing prosecution, the
Examiner is invited to call the undersigned at (949) 444-5970. The USPTO is hereby authorized to
charge any outstanding fees to Deposit Account No. 50-5201.

Dated: December 20, 2021 Respectfully submitted,

/Glen Liu/

Glen Liu

Registration No.: 75,058
ONE LLP

23 Corporate Plaza, Suite 150
Newport Beach, CA 92660
Attorney for Applicant

-10-
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183890 7590 02/07/2022
One LLP - ADC LIN, JERRY
23 Corporate Plaza
Suite 150 | ART UNIT PAPER NUMBER |
Newport Beach, CA 92660 1631
DATE MAILED: 02/07/2022
APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823

TITLE OF INVENTION: METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION AND PROCESSING

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 05/09/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
PTOL-85 (Rev. 02/11) Page 291 of 320



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
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CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

183890 7590 02/07/2022 Certificate of Mailing or Transmission

One LLP - ADC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
23 Corporate Plaza addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 150 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Newport Beach, CA 92660 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823

TITLE OF INVENTION: METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION AND PROCESSING

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 05/09/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LIN, JERRY 1631 702-085000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a 3
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823
| EXAMINER |
183890 7590 02/07/2022
One LLP - ADC LIN, JERRY
23 Corporate Plaza
Suite 150 | ART UNIT PAPER NUMBER |
Newport Beach, CA 92660 1631

DATE MAILED: 02/07/2022

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or M D94 of 320
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Application No. Applicant(s)
B . 17/411,154 Harper, Wesley Scott
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
JERRY LIN 1631 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to the reply filed December 20, 2021.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl by (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material
4.7 Interview Summary (PTO-413),
Paper No./Mail Date.
/JERRY LIN/
Primary Examiner, Art Unit 1631

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220115
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Application/Control Number: 17/411,154 Page 2
Art Unit: 1631

Notice of Pre-AlA or AlA Status

The present application is being examined under the pre-AlA first to invent provisions.

Reasons for Allowance
The following is an examiner’s statement of reasons for allowance: The amendments are
sufficient to nonstatutory double patenting rejections. The rejections are withdrawn.
Any comments considered necessary by applicant must be submitted no later than the payment
of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to JERRY LIN whose telephone number is (571)272-2561. The examiner can normally be
reached M-F, 7am-3:30pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http:/www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Karl
Skowronek can be reached on (571) 272-9047. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional questions,

Page 297 of 320



Application/Control Number: 17/411,154 Page 3
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contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance
from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/JERRY LIN/
Primary Examiner, Art Unit 1631
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(Assistant Examiner)
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Electronic Patent Application Fee Transmittal

Application Number: 17411154

Filing Date: 25-Aug-2021

Title of Invention:

METHODS AND SYSTEMS FOR EARLY SIGNAL ATTENUATION DETECTION AND

PROCESSING
First Named Inventor/Applicant Name: Wesley Scott Harper
Filer: Glen Liu/Alana Fredericks
Attorney Docket Number: A0130.0090.C7
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
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Basic Filing:
Pages:
Claims:
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Petition:
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Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 1501 1 1200 1200
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/411,154 08/25/2021 Wesley Scott Harper A0130.0090.C7 1823
183800 7590 03/14/2022 | XAMINGR |
One LLP - ADC
23 Corporate Plaza LIN, JERRY
Suite 150
Newport Beach, CA 92660 | ART UNIT | PAPER NUMBER |
1631
| NOTIFICATION DATE | DELIVERY MODE |
03/14/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPdocketing @onellp.com
adc_alameda_ip_dept@abbott.com
gliu@onellp.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Nor Comed bl 17/411,154 Harper, Wesley Scott
oiice of Allowabllity Examiner ArtUnit | AIA (FITF) Status
JERRY LIN 1631 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to the reply filed December 20, 2021.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 23,26-50 and 53-58 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[3 Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.
/JERRY LIN/
Primary Examiner, Art Unit 1631

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220307
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/ssue Classification
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(0 Claims renumbered in the same order as presented by applicant (] CPA (3 T.D. [J R.1.47

CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original
1 23 10 36 19 46 28 56
2 26 11 37 20 47 29 57
3 27 12 38 21 48 30 58
4 28 13 39 22 49
5 29 14 40 23 50
6 30 15 41 24 53
7 31 16 42 25 43
8 33 17 44 26 54
9 35 18 45 27 55
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 30
NJERRY LIN/ 07 March 2022 . . -
Primary Examiner, Art Unit 1631 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) None None
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