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INTERRUPT DETECTION FOR
PHYSIOLOGICAL SENSOR

CLAIM OF PRIORITY

[0001] This patent application claims the benefit of prior-
ity of U.S. Provisional Patent Application Ser. No. 62/057,
068, filed on Sep. 29, 2014, which is hereby incorporated by
reference herein in its entirety.

BACKGROUND

[0002] For certain workers, medical and health complica-
tions can lead to public safety risks. For example, some
transportation workers (such as truck drivers) are subject to
regulation and are required to meet certain sleep require-
ments to ensure alert performance.

[0003] A home sleep test (HST) is sometimes used to
determine compliance with rest requirements. The HST
typically includes wearing a device for a specified period of
time. The results of a HST, however, can be compromised by
tampering with the sensor device or by improperly substi-
tuting a different test subject.

[0004] One effort to mitigate tampering or substitution
includes equipping a device with a mechanical lock. Such
efforts have been inadequate.

OVERVIEW

[0005] The present inventors have recognized, among
other things, that a problem to be solved can include
providing a convenient means of preventing tampering or
substitution. The present subject matter can help provide a
solution to this problem, such as by providing a physiologi-
cal sensor that can detect tampering or substitution.

[0006] A device includes a housing, an emitter, a detector,
and a processor. The housing has a body contact surface
configured for affixation to a tissue site of a body. The
emitter is coupled to the housing and has an emission surface
and an electrical terminal. The emission surface is config-
ured to emit light proximate the body contact surface in
response to a signal applied to the electrical terminal. The
detector is coupled to the housing. The detector has a sense
surface and an output terminal. The detector is configured to
provide an output signal on the output terminal in response
to light detected at the sensor surface. The processor is
coupled to the electrical terminal and coupled to the output
terminal. The processor is configured to implement an
algorithm to monitor for an interruption between the body
contact surface and the body and configured to generate an
interrupt signal corresponding to the monitoring.

[0007] This overview is intended to provide an overview
of subject matter of the present patent application. It is not
intended to provide an exclusive or exhaustive explanation
of the invention. The detailed description is included to
provide further information about the present patent appli-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Inthe drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in
different views. Like numerals having different letter suf-
fixes may represent different instances of similar compo-
nents. The drawings illustrate generally, by way of example,
but not by way of limitation, various embodiments discussed
in the present document.
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[0009] FIG. 1 includes a view of a wearable system,
according to one example.
[0010] FIG. 2 includes a view of a wearable system,
according to one example.

[0011] FIG. 3A includes a view of sensor, according to one
example.

[0012] FIG. 3B includes a view of sensor, according to one
example.

[0013] FIG. 4A includes a view of system, according to
one example.

[0014] FIG. 4B includes a view of system, according to
one example.

[0015] FIG. 5 includes a view of a user fitted with a

system, according to one example.

[0016] FIG. 6 includes a block diagram of a system,
according to one example.

[0017] FIG. 7A includes a flow chart of a method, accord-
ing to one example.

[0018] FIG. 7B includes a flow chart of a method, accord-
ing to one example.

DETAILED DESCRIPTION

[0019] FIG. 1 and FIG. 2 include views of wearable
system 100A, according to one example. System 100A
includes device 10A coupled to belt 20. Device 10A includes
sensor 31A disposed on contact surface 28. Belt 20 includes
a flexible strap material and is configured to encircle a
portion (such as an arm, a leg, a chest) of a user and maintain
a close physical coupling between the user and contact
surface 28. Belt 20 can include an adjuster, a clip, a fastener,
a buckle, or other structure to secure device 10A in a
specified location on a user. Device 10A has an oval form
factor in the example illustrated, however, other shapes and
configurations are also contemplated.

[0020] Sensor 31A is configured to generate an output
signal corresponding to a physiological parameter. Sensor
31A can include an optical element, a proximity detector, an
electrode, or other element.

[0021] FIG. 3A includes a view of sensor 31B having
optical elements, according to one example. Sensor 31B
includes two optical emitters, each of which are denoted as
emitter 30E, and four detectors, each of which are denoted
as detectors 30D. The optical elements of sensor 31B are
arranged in a linear alignment but other configurations or
number of elements are also contemplated.

[0022] FIG. 3B includes a view of sensor 31C, according
to one example. Sensor 31C includes sensor surfaces 33A
and 33B. Sensor surfaces 33A and 33B can include elec-
trodes, touch-sensors, optical elements, or other components
configured to provide a signal by which the present subject
matter can determine a physiological parameter.

[0023] FIG. 4A includes a view of system 100B, according
to one example. System 100B includes device 10B affixed to
membrane 25A. Contact surface 28 of membrane 25A is
configured to couple with a tissue site using an adhesive
bond. Device 10B includes sensor 31D. Sensor 31D is
configured to generate a signal corresponding to a physi-
ological parameter.

[0024] FIG. 4B includes a view of system 100C, according
to one example. System 100C includes receiver 29 config-
ured accept a sensor, such as sensor 31A, 31B, or 31C.
Receiver 29, sometimes referred to as a sensor pocket, is
affixed to membrane 25B. In the example shown, receiver 29
is reinforced by support ribs abutting membrane 25B. The
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figure illustrates system 100C coupled to tissue 40. Mem-
brane 25B abuts tissue 40 at a contact surface and in one
example, the contact surface is bonded with an adhesive.
Membrane 25B can include a foam material, an elastomer or
textile pad. Receiver 29 obstructs a view of a sensor in this
figure. Membrane 25B can be affixed to the tissue site by an
adhesive layer.

[0025] FIG. 5 includes a view of user 40 fitted with a
plurality of systems, according to one example. System
100B is affixed at a tissue site at the chest of user 40 and is
coupled by an adhesive bond. User 40 is shown fitted with
first system 100A affixed at a tissue site on a bicep and a
second system 100A affixed at a tissue site on a thigh. The
first system 100A and the second system 100A are affixed by
a belt in the figure. This figure illustrates various examples
and in a particular application, only a single system would
be aflixed to a user, however, more than one system may be
used in a particular circumstance.

[0026] FIG. 6 includes a block diagram of system 600,
according to one example. System 600 represents an
example of a sensor, such as sensor 31B. System 600 is
configured for affixation to tissue at a site. System 600 is
non-invasive and includes input/output module 52, proces-
sor 54, memory 56, and optical module 28. Optical module
28 includes optical emitter 30E and optical detector 30D.

[0027] Input/output module 52 can include a power
switch, a mode control switch, a display. a user-control, a
touch-screen, an indicator light, or other interface elements
that enable a user to interact with system 600. Input/output
module 52 can include a wireless interface to allow com-
munication with a remote device.

[0028] Processor 54 can include an analog processor. In
one example, processor 54 includes a digital processor and
is configured to execute instructions for implementing an
algorithm. The instructions and data can be stored in
memory 56. Processor 54 can include an analog front end
having an amplifier, a filter, a sample and hold circuit, an
analog-to-digital converter (ADC), a digital-to-analog con-
verter (DAC), an LED driver, or other modules.

[0029] Emitter 30E can include a light emitting diode
(LED) configured to emit light of a selected wavelength and
power. Detector 30D can include a photodiode.

[0030] Light energy emitted by optical emitter 30E can be
directed to reflect or pass through tissue. Light detected by
optical detector 30D can be suitably processed to generate
selected data in accordance with various examples of the
present subject matter.

[0031] System 600 can be configured for wearing on a
body. In this example, system 600 is powered by a portable
power supply, such as a battery. System 600 can be affixed
to abody by a garment, a patch, or clamp device that remains
in close proximity to the body for an extended duration.

[0032] FIG. 7A includes a flow chart of method 700,
according to one example. Method 700, at 710, includes
affixing a sensor to a tissue site. The sensor can be affixed
using an adhesive, a mechanical coupling, a garment, or
other structure.

[0033] At 715, method 700 includes modulating an emit-
ter, such as emitter 30E. Modulating the emitter includes
driving the emitter to emit light at the tissue surface. In one
example, processor 54 triggers modulation of emitter 30E.
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[0034] At 720, method 700 includes detecting light using,
for example, detector 30D. An electrical output signal from
detector 30D can provide an indication of the light detected
at a sense surface.

[0035] At 725, method 700 includes determining if the
detected light differs from a reference. If the detected light
and the reference differ, then, as shown at the ‘yes’ branch,
method 700 proceeds to notify at 730. If the detected light
and the reference no not differ, then, as shown at the ‘no’
branch, method 700 continues at 735. In one example, the
detected light can include an external light signal unrelated
to the modulated light from an emitter such as emitter 30E.
The external light signal can correspond to an ambient light
signal. The reference by which the detected light is com-
pared can be a stored signal or represented by stored data.
The reference can be stored in a memory. In one example,
the reference includes previous data from the detector (such
as detector 30D). The comparison at 725 can include com-
paring an AC absorption or a DC absorption and can be
filtered to signal an interrupt on detection of a significant
excursion or a significant change. Notification, at 730, can
include storing data, such as a marker, in a local memory. In
one example, notification, at 730, can include near instan-
taneous notification to a user by way of a tactile, visible, or
audible alert. In one example, notification can include wire-
lessly transmitting a notification signal to a remote monitor.
Continuing, at 735, can include returning to 715 in which the
emitter is modulated or can include returning to 720 in
which the light is detected.

[0036] In one example, method 700 entails processing the
electrical output signal to generate a measure of a physi-
ological parameter. In addition, processor 54 can execute
analysis of the measured physiological parameter and, as a
result of the analysis, provide a notification signal to the
local device or to a remote device. For example, processor
54 can be configured to execute method 700 and determine
if the sensor has been moved or placed on a different subject.

[0037] FIG. 7B includes a flow chart of method 750,
according to one example. Method 750, at 755, includes
affixing a sensor to a tissue site. The sensor can be affixed
using an adhesive, a mechanical coupling, a garment, or
other structure.

[0038] At 760, method 750 includes monitoring the sen-
sor. In one example, monitoring entails processing the
electrical output signal from a detector to generate a measure
of a physiological parameter. Monitoring can also include
processing the physiological parameter to discern occur-
rence of specified data.

[0039] At 765, method 750 includes determining if the
sensor output signal differs from a reference. The sensor
output signal and the reference both correlate with a detected
light or both can correlate with the physiological parameter.
As noted elsewhere, the reference can include stored data or
can include previously detected data.

[0040] If a difference is detected, as shown at the ‘yes’
branch, then method 750 includes notification at 770. Noti-
fication can include alerting a user, storing data in a local
memory, or transmitting a wireless notification signal to a
remote device. If no difference is detected, as shown at the
‘no’ branch, then method 750 includes continuing at 775,
which, according to one example, includes resuming pro-
cessing at 760 monitoring sensor.
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[0041] Notifying at 770 can include analysis of the physi-
ological parameter and can include providing a notification
signal to the local device or to a remote device.

[0042] In one example, the processor is configured to
compare an output or physiological signal occurring at a
time prior to detection of an interruption with a correspond-
ing output or physiological signal occurring at a time
following detection of an interruption. Such a comparison
can determine if the sensor has been repositioned to a
different site on a user or if the sensor has been repositioned
from a first user to a second user.

[0043] An example of the present subject matter can
provide a measure of oxygenation. In the context of home
sleep studies, an example of the present subject matter can
provide a measure that correlates with chain of custody
considerations.

[0044] One example includes a patch-based, body-worn
SpQ, analysis device. For example, the device can be affixed
to a patient while at a caregiver’s facility. The device can be
configured to detect adherence to the patient at periodic
intervals. The frequency of these intervals can be tailored to
ensure that the device cannot be removed and fitted to a
different subject. In one example, the interval is approxi-
mately five seconds or less. The interval can be selected to
achieve a battery longevity objective.

[0045] Processor 54 can be configured to implement a
variety of algorithms to monitor and detect tampering or
substitution. For example, an emitter, such as emitter 30D,
can be pulsed at a periodic rate to establish a baseline
absorption level for the user. The pulse can be configured for
low power consumption. Processor 54 can be configured to
monitor for an excursion in the absorption relative to the
baseline absorption level. According to one example, an
excursion in excess of an order of magnitude in the received
photodiode current can be construed as indicative of a
removed sensor event.

[0046] In one example, the system can be configured to
pulse at least one emitter and monitor for a difference in the
DC absorption ratios or in the AC absorption ratios.
[0047] In one example, the system can be configured to
sample ambient light presented to the photodiode and moni-
tor for an excursion. Other monitoring algorithms may be
used in conjunction with this example in order to guard
against defeat by removing the sensor in a dark room.
[0048] Inoneexample, one or more emitters can be pulsed
and processor 54 can be configured to monitor for the
absence of a pulsatile signal.

[0049] In one example, a temperature sensor or a pressure
sensor is coupled to processor 54. Temperature information
or pressure information can be monitored for an excursion,
and notification provided on detection.

[0050] Other sensors can also be used with various
examples of the present subject matter. For example, a
capacitance sensor or an inductance sensor can be monitored
for an excursion.

[0051] Inoneexample a bandage, wrap, or belt is provided
with a tamper detector. The tamper detector provides an
indication when the bandage, wrap, or belt is disturbed.
Processor 54 can be configured to provide notification on
detection of tampering. An example of a tamper detector can
include a conductive material that breaks or disconnects an
electrical circuit when removed.

[0052] In one example, a mechanical switch is held in a
fixed position until the system is removed. Detection
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includes a change in state of the mechanical switch. Pro-
cessor 54 can be configured to provide notification on
detection of a change in state of the switch. In one example,
electrically conductive pads (electrodes) are provided and an
electrical impedance or electrical resistance through the
user’s tissue can be monitored. The sensor can provide an
output corresponding to electrical impedance or resistance.

Various Notes & Examples

[0053] Each of these non-limiting examples can stand on
its own, or can be combined in various permutations or
combinations with one or more of the other examples.
[0054] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illus-
tration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addi-
tion to those shown or described. However, the present
inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the
present inventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereof), or with respect to other examples (or one or more
aspects thereof) shown or described herein.

[0055] In the event of inconsistent usages between this
document and any documents so incorporated by reference,
the usage in this document controls.

[0056] In this document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In this document, the terms “including”
and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in
the following claims, the terms “including” and “compris-
ing” are open-ended, that is, a system, device, article,
composition, formulation, or process that includes elements
in addition to those listed after such a term in a claim are still
deemed to fall within the scope of that claim. Moreover, in
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to impose numerical requirements on their objects.

[0057] Method examples described herein can be machine
or computer-implemented at least in part. Some examples
can include a computer-readable medium or machine-read-
able medium encoded with instructions operable to config-
ure an electronic device to perform methods as described in
the above examples. An implementation of such methods
can include code, such as microcode, assembly language
code, a higher-level language code, or the like. Such code
can include computer readable instructions for performing
various methods. The code may form portions of computer
program products. Further, in an example, the code can be
tangibly stored on one or more volatile, non-transitory, or
non-volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tangible
computer-readable media can include, but are not limited to,
hard disks, removable magnetic disks, removable optical
disks (e.g., compact disks and digital video disks), magnetic
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cassettes, memory cards or sticks, random access memories
(RAMs), read only memories (ROMs), and the like.
[0058] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon
reviewing the above description. The Abstract is provided to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Descrip-
tion, various features may be grouped together to streamline
the disclosure. This should not be interpreted as intending
that an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all
features of a particular disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description as examples or embodiments, with each claim
standing on its own as a separate embodiment, and it is
contemplated that such embodiments can be combined with
each other in various combinations or permutations. The
scope of the invention should be determined with reference
to the appended claims, along with the full scope of equiva-
lents to which such claims are entitled.

The claimed invention is:

1. A device comprising:

a housing having a body contact surface configured for
affixation to a tissue site of a body;

an emitter coupled to the housing and having an emission
surface and having an electrical terminal, the emission
surface configured to emit light proximate the body
contact surface in response to a signal applied to the
electrical terminal;

a detector coupled to the housing, the detector having a
sense surface and an output terminal, the detector
configured to provide an output signal on the output
terminal in response to light detected at the sensor
surface; and

a processor coupled to the electrical terminal and coupled
to the output terminal, the processor configured to
implement an algorithm to monitor for an interruption
between the body contact surface and the body and
configured to generate an interrupt signal correspond-
ing to the monitoring.
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2. The device of claim 1 wherein the algorithm is con-
figured to periodically determine absorption.

3. The device of claim 1 wherein the algorithm is con-
figured to determine absorption and wherein the interrupt
signal is generated in response to detecting an excursion
from a baseline absorption.

4. The device of claim 1 wherein the algorithm is con-
figured to determine a DC absorption ratio for the tissue site
and wherein the interrupt signal is generated in response to
detecting an excursion from a baseline absorption ratio.

5. The device of claim 1 wherein the algorithm is con-
figured to determine an AC absorption ratio for the tissue site
and wherein the interrupt signal is generated in response to
detecting an excursion from a baseline absorption ratio.

6. The device of claim 1 wherein the algorithm is con-
figured to detect light uncorrelated with light emitted from
the emitter.

7. The device of claim 1 wherein the algorithm is con-
figured to emit light from the emitter and wherein the
interrupt signal is generated in response to absence of a
pulsatile signal at the output terminal.

8. A device comprising:

a housing having a body contact surface configured for

affixation to a tissue site of a body;

a sensor coupled to the housing and having a sense surface
and having an output terminal, wherein an output signal
at the output terminal corresponds to detection of the
body at the sense surface; and

a processor coupled to the output terminal and configured
to implement an algorithm to monitor for an interrup-
tion between the body contact surface and the body and
configured to generate an interrupt signal correspond-
ing to the monitoring.

9. The device of claim 8 wherein the sensor includes a

temperature sensor.

10. The device of claim 8 wherein the sensor includes a
pressure sensor.

11. The device of claim 8 wherein the sensor includes a
capacitance-based sensor.

12. The device of claim 8 wherein the sensor includes an
impedance sensor.

13. The device of claim 8 wherein the sensor includes a
resistance sensor.

14. The device of claim 8 wherein the sensor includes a
conductivity sensor.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

4 TR AR RRER Y R BTG M

US20170221349A1 ACIIOUN =]
US15/515536 Fi5 A
NONINES?

NONIN MEDICAL , INC.

NONIN MEDICAL , INC.

patsnap

2017-08-03

2015-09-29

[FR] & A A RAUSCH GREGORY J
FERGUSON HUGH
LEMKE DAVID LEE

KA RAUSCH, GREGORY J.
FERGUSON, HUGH
LEMKE, DAVID LEE

IPCH%E G08B29/18 A61B5/01 A61B5/1455 A61B5/00 A61B5/053

CPCH%E G08B29/185 A61B5/6831 A61B5/053 A61B5/14551 A61B5/01 A61B5/6843 A61B2560/0462 A61B5
/742 AB1B5/7455 AB1B5/0022 A61B2562/0247 A61B2562/0214 A61B2562/0271 A61B5/7405 A61B5
/4833

£ 5 62/057068 2014-09-29 US

I EheE Espacenet USPTO

BWE(F)

—REBAESG | S5 RUSHLEE, ShEETAEME I~

B, ZEFEMREQERRATEER EENARBML. RHABZBSE
FEAERRFRENBIRF. KEREREE N @A T HEINE B85 F
HNESMAHELSEEMREN . RUBRBEINST. BKNFEEE

RN SR E A R F o A0 BRAES B 0 W 1 T 45 B RE A B R
KERHRF ERERHES. LERBEIERFHBSI @R
Fo ALIRERMECE N KU EE LS B iR Al R T A B 4K 2 () B9 R BT

FEWEENERN T ENNPIIES.

0

&


https://share-analytics.zhihuiya.com/view/b1c5cf7b-ff48-4576-acb2-e67ea759df38
https://worldwide.espacenet.com/patent/search/family/055631325/publication/US2017221349A1?q=US2017221349A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170221349%22.PGNR.&OS=DN/20170221349&RS=DN/20170221349

