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(57) ABSTRACT

A sensor assembly which includes a first physiological
parameter sensor configured to sense a physiological param-
eter and a first reactance sensor connected to the first physi-
ological parameter sensor. The first reactance sensor provides
a signal corresponding to a position of a tissue relative to the
first reactance sensor and corresponding to the first physi-
ological parameter sensor.
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REACTANCE SENSING FOR IMPROVED
SENSOR PALCEMENT

BACKGROUND

[0001] Physiological parameter sensors can perform a wide
variety of functions including but not limited to detecting:
pulse, saturated oxygen content of blood, blood pressure,
body temperature, blood analyte concentrations, respiratory
gas concentrations, and breathing rates. Physiological param-
eter sensors can take a wide variety of forms depending on the
size and species of a body being measured, the area of the
body being sensed and the type of sensing being conducted.
Pulse oximetry sensing measures the saturated oxygen con-
tent of arterial blood. Pulse oximetry sensors can be posi-
tioned on fingers, toes, ear lobes, and also on flatter body parts
such as the forehead or chest. In order to fit various body parts,
pulse oximetry sensors are produced in a wide variety of
forms. Capnography sensors measure the amount of CO2 in
respiratory gases. Normally a body is fit with a re-breather
type of face mask or a nasal cannula. Some of these sensor
forms require correct positioning in order to ensure proper
functioning. Existing physiological parameter sensor sys-
tems do not provide automatic sensing of the presence, posi-
tion, location, size, or movement of a body part. In modern
clinics and hospitals many physiological parameter param-
eters are measured remotely, and a sensor alarm indicating
that the sensor has moved or slipped out of position would be
very useful. A sensing system with the ability to indicate a
presence of a body part in a sensor and a correct position of the
body part relative to the sensor would provide increased accu-
racy and improved functioning. In addition. sensing of the
position of a body part relative to the sensor could be used to
provide feedback to the user to obtain optimal sensor place-
ment.

OVERVIEW

[0002] This document pertains generally, but not by way of
limitation, to physiological parameter sensors. More specifi-
cally the present invention relates to proximity/presence sens-
ing used in conjunction with physiological parameter sensors
(e.g., pulse oximetry sensors). Capacitance or inductance
sensing can provide a physiological parameter sensor with
means to detect the preserce, proximity, location, size, move-
ment, and positioning of a body part associated with the
physiological parameter sensor.

[0003] The present subject matter addresses problems
relating to physiological parameter sensors. These sensors fit
on or over body parts. Correct positioning and adjustment can
provide an improved signal. Remote monitoring of such sen-
sors can be greatly aided by alarm notification when the
sensor is out of position. Humans and most animals have
electrically conductive bodies. Capacitance sensing is a tech-
nology that senses changes in an electric field emanating from
a sensor electrode. Changes in the electric field of a capaci-
tance sensor can be produced by the proximity of an electri-
cally conductive body part (e.g., a finger). Inductance sensing
is similar to capacitance sensing but instead of sensing
changes in an electric field, changes in a magnetic field are
sensed. These two types of sensing fall under the umbrella of
“reactance” sensing. In the following disclosure it should be
recognized that both inductance sensing or capacitance sens-
ing or a combination of both types of sensors can constitute
reactance sensing. Reactance sensing can provide a physi-
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ological parameter sensing system with the means to detect
the presence, proximity, location, size, movement, and posi-
tioning of a body part associated with the physiological
parameter sensor. Presence and positional sensing can allow
a physiological parameter sensor to change operating modes
(e.g., power up/down, etc.) automatically when the reactance
sensor detects the proper signal.

[0004] One type of physiological parameter sensor, a pulse
oximetry sensor, can gain several advantages by being pow-
ered up when a finger is inserted into the device. Processors
and output devices connected to the physiological parameter
sensor can remain on a standby mode and conserve energy,
but ready to power up when a body part is inserted. Another
advantage to this approach is that using reactance sensing for
automatic power up can eliminate an infrared (IR) signature
when the sensor system is in a standby mode. It is an advan-
tage to keep a sensor assembly in a standby mode because it
can very quickly be switched to a powered up mode. To
maintain an assembly in a powered up mode when not
actively in use, can generate infrared or other types of elec-
trical/magnetic energy which may interfere with other medi-
cal devices.

[0005] The reactance sensor generates a signal which may
vary in signal quality, signal strength, and other parameters
regarding the signal. A sensor assembly can process the reac-
tance signal to determine if it has met a minimum threshold
value. If the signal has met a minimum threshold value a
processor can instruct a device to proceed to physiological
parameter sensing. If a threshold value has not been met, the
processor can instruct the device to enter a standby mode. The
threshold values can be fixed or dynamic. A dynamic thresh-
old lookup table can be updated or recalculated based on a
quality determination of the physiological parameter sensor
output.

[0006] In addition to sensing presence of a body part in a
sensor system with a physiological parameter sensor, a reac-
tance sensing system can give a more accurate picture of how
and where a body part is located within the sensor system. It
can be imperative in some physiological parameter sensors
that a body part is in a proper position. For example, in a
fingertip pulse oximetry sensor, the finger needs to be fully
inserted into a sensor housing to provide reliable output sig-
nals. In a sensor system in which one reactance sensor is used,
a sensor can be placed at the distal end of a sensor. If a body
part has not been inserted or placed into close enough prox-
imity to the reactance sensor, the sensor assembly can gener-
ate an alarm or be precluded from a power-up sequence. If
more than one reactance sensor is used; more complex posi-
tioning information can be generated. For example, a physi-
ological parameter sensing system can have reactance sen-
sors configured so that if a body part is not sensed, or only
partially sensed by one or more of the reactance sensors, then
the body part is not in the correct position relative to a physi-
ological parameter sensor. With multiple reactance sensors, a
processor can determine whether a body part 1s off to one side
of the sensing system and whether or not the sensor needs to
be repositioned for an accurate reading. With a reactance
sensor, a processor can send information through an output
device to assist the user in finding the optimal sensor location.
[0007] In many physiological parameter sensing applica-
tions, it is important to know whether or not the body part
sensed (e.g., a finger) is moving during physiological param-
eter sensing. Movement of body parts can cause motion arti-
facts and send an inaccurate electrical signal to a processor. A
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more accurate output of information can be created if signals
known to be inaccurate are ignored or compensated. Move-
ment sensing can also provide information to a processor to
determine when to begin sensing. For example, a patient or
caregiver mightbe inthe process of adjusting a sensor system.
With reactance sensing, a sensor system can inform a proces-
sor not to begin data collection until movement ceases. A
system can be configured to detect subtle movements of the
body part by evaluating a change in pressure on the body part.
This can be accomplished in a number of ways including
measuring a flatness of a body part (e.g., finger flatness).
Motion detection algorithms can be developed to benefit from
a more precise detection of any body part movement during
physiological parameter sensing.

[0008] A patch type sensor should be closely attached to a
patient. Air gaps between a patch sensor and a patient can
produce a large change in reactance. A reactance sensing
system can indicate whether a patch type sensor has partially
or fully lifted from the skin of a patient. Patch type sensor
assemblies are generally planar when applied and are used on
foreheads, chest, abdomens and any other body part where a
patch type sensor is appropriate. This can be any type of
sensor that has a planar planform.

[0009] Sensor assemblies can be made to fit a wide assort-
ment of body parts for various reasons. Fingertip sensing is
widely used; however in some circumstances a finger might
not be available for sensing purposes. Physiological param-
eter sensing can be accomplished on ear lobes, feet, toes,
arms, wrists and other body parts. A sensor housing must be
manufactured to fit these applications. In some applications a
different body part might produce more accurate sensing
signals. For example a person might have such poor periph-
eral circulation that a chest sensor would produce a more
accurate physiological sensing signal than a fingertip sensor.
[0010] Some physiological parameters can be dependent
on the size of a body part. For example, smaller fingers may
tend to cool more rapidly than larger fingers. In another
example, the size of a body part can have an effect on light
transmittance and scattering in a pulse oximeter. A reactance
sensing system with a particular configuration of reactance
sensors can determine the size of a body part. This informa-
tion can be provided to a processor and appropriate algo-
rithms can compensate for size differences and produce a
more accurate output signal.

[0011] The reactance sensing system may have the reac-
tance sensors in the form of a phased array. In a phased array,
aphase controller can vary the phase of the transmitted signal
and provide greater signal discrimination among an array of
sensors. An array can constitute two or more reactance sen-
SOfS.

[0012] The reactance sensing system can have a processor
which can analyze sensing data from one or more reactance
sensors regarding presence, proximity, location, size, move-
ment, and positioning of a body part and correlate this data to
data obtained from one or more physiological parameter sen-
sors to optimize the output of physiological parameter infor-
mation. For example, in a pulse oximetry sensor an accurate
reading of oxygen saturation could be obtained if a finger was
absolutely still and in a perfect position. For illustration pur-
poses only: an accurate reading of a perfectly placed non-
moving finger might read 99% saturation. If the same finger
was not placed perfectly or was moving—an unprocessed
physiological parameter signal output might read only 85%.
Through the use of algorithms relating to movement or posi-
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tion the processor could still produce an accurate physiologi-
cal parameter output reading. The algorithms would take into
account the data provided by one or more reactance sensors
and depending on how much movement was detected or how
far from a perfect position in relation to the physiological
parameter sensor the body part was placed; a processor can
compensate the received physiological parameter signal to
produce an accurate output reading.

[0013] The reactance sensing system can have software
associated with the device to provide means of interpreting an
electrical signal from the reactance sensing circuit. This soft-
ware can determine thresholds of the changes in the electrical
field and control machine behavior. For example, after a pro-
cessor receives reactance sensing signals, a software program
can instruct the processor to compare this information to
stored information. Depending on the comparison, the pro-
gram can instruct the processor whether or not to reset a
baseline reading for the physiological parameter sensor based
on the positioning of the body part. The results of the pro-
cessed information can also determine how the processor is to
respond in the event a body part is present in the physiological
parameter sensor when the unit is turned on, or turn off in
response to the removal of the sensor from the proximity of a
body part. The reactance sensor can work in conjunction with
the physiological sensor and processor through feedback
loops which can continually improve the quality of the physi-
ological sensor output as the body part is moved towards an
optimal positioning.

[0014] Inthe presentinvention, a sensor system includes at
least one physiological parameter sensor and at least one
reactance sensor. The sensor system can also include a pro-
cessor and an output module. The physiological parameter
sensor can sense one or more of the following, pulse, satu-
rated oxygen content of tissue or blood, blood pressure, body
temperature, blood analyte concentrations, respiratory gas
concentrations, and breathing rates. The physiological
parameter sensor can take many physical forms including but
not limited to, a fingertip sensor, a toe sensor an ear lobe
Sensor, a wrist sensor, an arm sensor, a leg sensor, a patch type
sensor, a re-breather mask, a somatic patch, or a cannula. The
reactance sensor in connection with a physiological param-
eter sensor can sense the presence, proximity, location, size,
movement, and position of a body part associated with the
physiological parameter sensor. Depending on the param-
eters of the body part sensed, a processor can initiate a power
up sequence, an alarm sequence, a resetting sequence, a shut-
down sequence, and provide pertinent information such as
calibration information, to the output module.

[0015] This section is intended to provide an overview of
the present subject matter. It is not intended to provide an
exclusive or exhaustive explanation of the invention. The
detailed description is included to provide further informa-
tion about the present patent application.

[0016] Tobetterillustrate the assemblies, systems, methods
and software disclosed herein a non-limiting list of examples
is provided. These non-limiting examples can be combined in
any permutation or combination.

[0017] Example 1 includes a sensor assembly having first
physiological parameter sensor configured to sense a physi-
ological parameter; and a first reactance sensor connected to
the first physiological parameter sensor wherein the first reac-
tance sensor provides a signal corresponding to a position of
a tissue relative to the first reactance sensor and correspond-
ing to the first physiological parameter sensor.
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[0018] In Example 2, the subject matter of Example 1 can
optionally include: a processor coupled to the first physi-
ological parameter sensor and coupled to the first reactance
sensor, the processor configured to generate an output based
on the physiological parameter and the position; and an out-
put module coupled to the processor, the output module con-
figured to provide a measure corresponding to the physiologi-
cal parameter.

[0019] InExample 3, the subject matter of one or any com-
bination of Examples 1-2 and can optionally include sensor
assembly wherein the first physiological parameter sensor is
configured to be controlled by signals generated by the reac-
tance sensor. This can be accomplished in one of several
means: for example 1) if the reactance signal has met a low
threshold, the physiological parameter signal can be adjusted
in accordance with the low threshold value reactance signal,
2) if the reactance signal has met an intermediate threshold
value, the physiological parameter signal can be adjusted in
accordance with an intermediate threshold value, and 3)) if
the reactance signal has met a high threshold value, the physi-
ological parameter signal can be adjusted in accordance with
a high threshold value. The control of the physiological
parameter signal may also be accomplished by using algo-
rithms. If the reactance sensor signal is indicative of move-
ment of a tissue, the physiological parameter signal can be
processed with algorithms correcting for movement to output
a more accurate signal.

[0020] InExample 4, the subject matter of one or any com-
bination of Examples 1-3 and can optionally include a sensor
system further including a second reactance sensor coupled to
the first physiological parameter sensor.

[0021] InExample S, the subject matter of one or any com-
bination of Examples 1-4 and can optionally include a sensor
system wherein the first reactance sensor and the second
reactance sensor are in fixed positions relative to the first
physiological parameter sensor.

[0022] InExample 6, the subject matter of one or any com-
bination of Examples 1-5, a sensor system can optionally
include a second physiological parameter sensor coupled to
the first reactance sensor.

[0023] InExample 7, the subject matter of one or any com-
bination of Examples 1-6 and can optionally include a sensor
system wherein the physiological parameter sensor includes
at least one of a pulse oximetry sensor, a body temperature
sensor, a blood pressure sensor, a blood analyte sensor, a
respiratory rate sensor, a capnography sensor.

[0024] InExample 8, the subject matter of one or any com-
bination of Examples 1-6 and can optionally include a sensor
system wherein the physiological parameter sensor is a mul-
tifunction sensor which can measure any combination of
pulse, saturated oxygen content, blood pressure, body tem-
perature, blood analyte concentration, respiratory gas con-
centration, and breathing rates.

[0025] InExample 9, the subject matter of one or any com-
bination of Examples 1-8 can optionally include a sensor
system wherein the sensor assembly includes at least one ofa
fingertip sensor, a toe sensor, an ear lobe sensor, an arm
sensor, a wrist sensor and a foot sensor.

[0026] In Example 10, the subject matter of one or any
combination of Examples 1-8 can optionally include a sensor
system wherein the sensor assembly has a planar planform.
[0027] In Example 11, the subject matter of one or any
combination of Examples 1-10 can optionally include a sen-
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sor system wherein the first reactance sensor includes at least
one of a capacitor and an inductor.

[0028] In Example 12, the subject matter of one or any
combination of Examples 1-11 can optionally include a sen-
sor system wherein the sensor assembly includes an array of
reactance elements.

[0029] Example 13 includes a non-transitory computer
readable medium comprising machine readable information
for causing a machine to: read physiological parameter sensor
data and reactance sensor data; and output physiological
parameter data corresponding to a tissue wherein the physi-
ological parameter data corresponds to a position of a reac-
tance sensor in relation to a position of the tissue.

[0030] Example 14 includes the computer readable
medium of Example 13 and can optionally include a com-
puter readable medium configured to: compare the reactance
sensor data to a threshold value; and determine a position of
a sensor assembly relative to the tissue based on the compari-
son.

[0031] Example 15 includes the computer readable
medium of Examples 13-14 and can optionally include a
computer readable medium wherein the computer readable
medium is configured to: compare the reactance sensor data
to a threshold lookup table; compare the physiological
parameter sensor data with a stored value; and generate a
result based on the comparison of the reactance sensor data
and the comparison of the physiological parameter sensor
data.

[0032] Example 16 includes method of using a sensor
assembly comprising: generating a reactance sensing signal,
including determining at least one of a presence, a position, a
movement, a size, or a proximity of a body part relative to a
physiological parameter sensor; determining a value of the
reactance sensing signal; comparing the reactance sensing
signal to a threshold value; and based upon the comparing,
generating a physiological parameter sensor signal indicative
of at least one of pulse, saturated oxygen content, blood
pressure, body temperature, blood analyte concentration, res-
piratory gas concentration, and breathing rate.

[0033] InExample 17 the subject matter of Example 16 can
optionally include a method further comprising determining a
quality of the physiological parameter sensor signal.

[0034] In Example 18 the subject matter of one or any
combination of Examples 16-17 can optionally include a
method further comprising setting a threshold value for the
reactance sensing signal using information about the deter-
mined quality of the physiological parameter sensor signal.
[0035] In Example 19 the subject matter of one or any
combination of Examples 16-18 can optionally include a
method further comprising setting a mode of operation of the
sensor assembly using information about the determined
value of the reactance sensing signal.

[0036] In Example 20 the subject matter of one or any
combination of Examples 16-19 can optionally include a
method further comprising altering the physiological param-
eter sensor signal using information about the reactance sens-
ing signal.

[0037] In Example 21 the subject matter of one or any
combination of Examples 16-20 can optionally include a
method further comprising providing a user-detectable indi-
cation of sensor assembly location relative to a body part of
interest based upon the comparison between the reactance
sensing signal and the threshold value.
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[0038] Example 22 includes the subject matter of Example
13 and optionally the subject matter of Examples 1-12 or
Examples 16-21.

[0039] Example 24 includes the subject matter of Example
16 and optionally the subject matter of Examples 1-13.
[0040] InExample 25 amethod of using a sensor assembly
comprising: generating a reactance sensing signal to deter-
mine the presence, position, movement, size or proximity of
a body part relative to a physiological parameter sensor,
wherein a reactance sensor is operatively connected to a pro-
cessor and an output module; generating a physiological
parameter sensing signal, wherein a physiological parameter
sensor is operatively connected to a processor and an output
module; processing the reactance sensing signal and the
physiological parameter sensing signal to provide an output
signal.

[0041] These non-limiting examples can be combined in
any permutation or combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] In the drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in dif-
ferent views. Like numerals having different letter suffixes
may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

[0043] FIG. 1illustrates placement of a sensor assembly on
a finger.
[0044] FIG. 2 illustrates incorrect placement of a finger

relative to a sensor.

[0045] FIG. 3illustrates a plan view of a sensor and location
of multiple reactance sensors.

[0046] FIG. 4 illustrates an isometric view of optional loca-
tions of a sensor (e.g., toes, feet, and arm).

[0047] FIG. 5a illustrates a cross sectional view of a patch
sensor lying flat against a body.

[0048] FIG. 554 illustrates cross sectional view of a patch
sensor with an air gap.

[0049] FIG. 5c¢ illustrates an isometric view of a patch in
place on a head.

[0050] FIG. 6 illustrates an electrical diagram showing an
example of a sensor circuit and the reactance sensing circuit.
[0051] FIG. 7 illustrates a method or software flowchart
showing system operations.

[0052] FIG. 8 illustrates a method or software flowchart
showing system operations.

[0053] FIG. 9 illustrates a method or software flowchart
showing system operations.

[0054] FIG. 10 illustrates a method or software flowchart
showing system operations.

[0055] FIG. 11 illustrates a method or software flowchart
showing system operations.

[0056] FIG. 12 illustrates a method or software flowchart
showing system operations.

DETAILED DESCRIPTION

[0057] FIG.1illustrates a sensing system (105). A sensing
system housing (130) can be fabricated of a wide variety of
materials including but not limited to fabric, foam, metal or
plastic. It can be shaped in a broad variety of ways depending
on what body part is being sensed. Sensor housings may be
configured to flex, retain their shape, or can be rigid. Sensor
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housings can be used on various body locations. (e.g., finger,
toe, ear lobe, chest, or forehead). Sensorhousings can be used
onmultiple body parts (e.g., a finger and a toe, or a calf and the
forehead). A physiological parameter sensor (110) is config-
ured in a location where the type of sensing is appropriate. In
another example, a pulse oximeter sensor can be placed in a
location and sensing direction which will provide the most
advantageous illumination of blood flow. A reactance sensor
(120) can be configured at a location where a minimal amount
of body part proximity must be provided to gain an accurate
physiological parameter sensing signal. For example in a
sensing system housing in which a finger is inserted, a reac-
tance sensor near the distal end of the housing would ensure
that the finger was inserted to that distance before a power up
signal or a measuring signal was initiated by a processor
(150). FIG. 1 also illustrates a connecting cable (170) and
wiring (180) connecting the sensors to the processor (150).
The sensor, processor, and an output module (160) can be one
integrated unit or separate and connected. The sensor can
communicate wirelessly with a remote processing unit.

[0058] FIG. 2 illustrates a sensor system (205) in which a
body part (e.g., finger) is not positioned sufficiently far into
the sensor system housing (230). In this position, the reac-
tance sensor (220) will not generate a signal indicating a
proper placement of the body part in relation to the physi-
ological parameter sensor (210).

[0059] FIG. 3 illustrates a sensing system having multiple
reactance sensors (320). The sensors can be configured to
provide information regarding the orientation of the body part
(340) within the sensor housing (330). The reactance sensors
can be configured to collect movement information and can
be placed in areas of the system that are most prone or affected
by movement (e.g., near the tip ofa body part which might not
be as stationary as a proximal end of a body part). The physi-
ological parameter sensor (310) is shown.

[0060] FIG. 4 shows sensor systems (405) and locations of
reactance sensors (420) and physiological parameter sensors
(410) in several configurations: atoe (421); an ear lobe (422),
an arm (424), and a foot (423).

[0061] Patch sensors can be utilized on wide or flat areas of
abody such as the head, chest or back as well as other areas of
a body. FIG. 5¢ shows a patch sensor (590) placement on a
head (591). The distribution of several reactance sensors
(520) will ensure that the patch sensor remains close to the
surface of the body. FIG. 5a shows a patch sensor (590) in
cross section lying flat against a body (521). The reactance
sensors (520) will provide a signal indication that the sensor
(590) is close to the body. FIG. 55 indicates an air gap (522)
between the body and the patch sensor (590). The air gap will
produce changes in the reactance sensed by the reactance
sensors (520) and a processor can generate an alarm indicat-
ing that the physiological parameter sensor (510) may not
obtain a proper reading or that the patch needs to be read-
justed.

[0062] FIG. 6 is an electrical schematic showing the con-
nections and components of sensing system (605). In one
example a physiological parameter sensor (606) and reac-
tance sensor (608) are operatively coupled to a processor
(607). The processoris operatively coupled to an output mod-
ule (609). In one example, the sensors, processor and output
module can be in a single housing. In other embodiments, the
sensors can be remotely connected by cable or wirelessly to a
processor and an output module.
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[0063] FIG. 7 illustrates flowchart 700 corresponding to a
method or software algorithm of a mode of operation. At 701,
a reactance signal indicates the presence of a body part. At
702, the processor is instructed to determine whether the
signal threshold for a body part has been met. At 703, if the
answer is “no” the processor is instructed to operate in
standby mode until a further instruction to power up or power
off. At 704, if the answer is “yes” it is then a determination is
made on whether a body part is positioned correctly. At 705,
if it is determined that the body part is not correctly posi-
tioned, the output module is instructed to generate a reposi-
tion message. At 706, if the body part is positioned correctly
the processor is instructed to initiate a power up mode and
begin physiological parameter sensing. At 707, as the physi-
ological parameter sensing proceeds, the reactance sensor
may sense movement. At 708, the processor can be instructed
to suspend sensing or compensate for movement. At 709, ifno
movement is sensed by the reactance sensor, the processor
can be instructed to continue physiological parameter sens-
ing.

[0064] A body part alters the electrical field generated by a
reactance sensor. The reactance sensor generates a signal to
the processor. The processing software has threshold lookup
tables which can determine if the received signal actually
indicates a body part and whether the body part has reached a
proper location. If a threshold has been reached the software
willinitiate such processes as power up and processing physi-
ological parameter sensor data. This threshold table maybe a
single sensor threshold value that triggers a response when
the reactance signal has exceeded the predetermined value.
An alternative to the single sensor threshold that may be used
is one or more algebraic equations to govern the interaction of
multiple signals from multiple reactance sensors to establish
a complex multidimensional value which must be exceeded.

[0065] FIG. 8 illustrates flowchart 800 corresponding to a
method or software algorithm of a mode of operation. In this
mode a predetermined threshold, whether simple or multidi-
mensional, is not used, but rather upon first usage the sensor
system has no threshold value but during usage learns the
correlation between reactance sensor signal value, whether
simple or multidimensional, and physiological sensor signal
quality. Upon subsequent use the sensor system uses a reac-
tance sensor threshold that has in previous use correlated to a
high physiological sensor signal quality to indicate adequate
proximity between the body part and sensor. In FIG. 8 a first
use of a sensor system is illustrated and, at 801, no threshold
values have been established. At 802, a processor acquires a
reactance sensor signal value. At 803, the processor acquires
a physiological parameter sensor signal value. At 804, the
processor is instructed to determine whether or not the quality
of physiological parameter sensor signal is acceptable or
unacceptable. At 805, if the quality of physiological param-
eter sensor signal is acceptable, the processor is instructed to
correlate the obtained reactance signal to an acceptable physi-
ological parameter sensor signal. At 806, if the quality of
physiological parameter sensor signal is unacceptable, the
processor is instructed to correlate the obtained reactance
signal to an unacceptable physiological parameter sensor sig-
nal. At 807, the processor is instructed to use the correlations
to provide threshold values which can be used to optimize
sensor functions on subsequent usages.

[0066] FIG. 9 illustrates flowchart 900 corresponding to a
method or software algorithm of a mode of operation. In this
mode the system starts with a predetermined reactance sensor
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threshold value, whether simple or multidimensional, but
changes that threshold value overtime as it learns the corre-
lation between reactance sensor signal values and physiologi-
cal sensor signal quality. In FIG. 9 a reactance sensor system,
at 901, has a predetermined threshold value for sensing a body
part. At 902, a processor acquires a reactance sensor signal
value. At 903, the processor acquires a physiological param-
eter sensor signal value. At 904, the processor is instructed to
determine whether or not the quality of physiological param-
eter sensor signal is acceptable or unacceptable. At 905, if the
quality of physiological parameter sensor signal is accept-
able, the processor is instructed to correlate the obtained
reactance signal to an acceptable physiological parameter
sensor signal. At 906, if the quality of physiological param-
eter sensor signal is unacceptable, the processor is instructed
to correlate the obtained reactance signal to an unacceptable
physiological parameter sensor signal. At 907, the processor
is instructed to use the correlations to change and/or optimize
a predetermined threshold value which can be used to opti-
mize sensor functions on subsequent usages.

[0067] FIG. 10 illustrates flowchart 1000 corresponding to
amethod or software algorithm of a mode of operation. In this
mode the system uses a gradation of threshold values to
determine mode of operation. The system may have several
modes of operation upon finger insertion which are deter-
mined by reactance sensor signal values. These modes of
operation may include but not be limited to: displaying only
a warning of inadequate sensor and body part proximity;
alternating between generating and displaying a physiologi-
cal reading and displaying a warning of possible inadequate
sensor and body part proximity; generating and displaying a
physiological reading alongside an index to show level of
adequacy of sensor and body part proximity; generating and
displaying a physiological reading alongside a warning of
possible inadequacy of sensor and body part proximity and
generating and displaying a physiological reading.

[0068] At 1001, FIG. 10 illustrates a reactance sensing
system that uses a gradation of threshold values—for sensing
a body part—and a plurality of instructions depending on
level of signal. At 1002, a processor is instructed to acquire a
reactance sensor signal value. Depending on the gradation of
threshold values, the processor is instructed to allocate, at
1003, a received reactance sense value to a proper mode of
action depending on level of signal and initiate a function not
limited to the following functions: a) display warning of
inadequate body part proximity to physiological parameter
sensor at 1004, b) generating and displaying a physiological
parameter reading alongside an index to show level of
adequacy of sensor and body part proximity at 1005, ¢) gen-
erating and displaying a physiological parameter reading
alongside a warning of possible inadequacy of sensor and
body part proximity at 1006, d) alternate between generating
a physiological parameter sensor reading and displaying a
warning of inadequate proximity at 1007, and e) generating
and displaying a physiological parameter reading at 1008.

[0069] FIG. 11 illustrates flowchart 1100 corresponding to
amethod or software algorithm of a mode of operation. In this
mode the system uses one or more reactance sensor signals to
modify the data obtained from the physiological sensor. The
adjustment of physiological sensor data could include, but is
not limited to compensation for body part movement, body
part size, or body part placement. At 1101, a processor is
instructed to acquire reactance sensor signal values from one
or more reactance sensors. At 1102, the processor is
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instructed to analyze the signal to determine size/placement/
movement of a body part. After the software instructs the
processor to receive a physiological parameter sensor signal,
at 1103, the software instructs the processor to adjust the
physiological parameter signal based on the analysis of the
reactance sensor signal. At 1104, if the adjusted physiological
parameter signal is acceptable—display readings;—if unac-
ceptable generate warnings.

[0070] FIG. 12 illustrates flowchart 1200 corresponding to
amethod or software algorithm of a mode of operation. In this
mode the system uses signals from one or more reactance
sensors to provide body part location information to the user
through an output module in order to assist the user in optimal
sensor placement. The output module can generate output
with a visual signal, with an audio signal or a combination of
both an audio and visual signal. At 1201, a processor is
instructed to acquire reactance sensor signal value from one
or more reactance sensors. At 1202, a processor is then
instructed analyze the signal to determine proximity of'a body
part to a physiological parameter sensor. At 1203, based on
the proximity determination, the processor is instructed to
supply output module messages which direct the user of the
sensing system. At 1204, the output module displays direc-
tions based on reactance sensing and/or physiological param-
eter sensing readings/correlations. Example directions are a)
“Insert finger farther into sensor”, at 1205, b) “Stop moving
finger”, at 1206, or c) “Move finger to the left”, at 1207.
[0071] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illustra-
tion, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition
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.

[0072] In the event of inconsistent usages between this
document and any documents so incorporated by reference,
the usage in this document controls.

[0073] 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 “comprising” 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.

[0074] Method examples described herein can be machine
or computer-implemented at least in part. Some examples can
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include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure 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 meth-
ods. The code may form portions of computer program prod-
ucts. Further, in an example, the code can be tangibly stored
on one or more volatile, non-transitory, or non-volatile tan-
gible computer-readable media, such as during execution or
at other times. Examples of these tangible computer-readable
media can include, but are not limited to, hard disks, remov-
able magnetic disks, removable optical disks (e.g., compact
disks and digital video disks), magnetic cassettes, memory
cards or sticks, random access memories (RAMSs), read only
memories (ROMs), and the like.

[0075] 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 comply
with 37 C.E.R. §1.72(b), to allow the reader to quickly ascer-
tain 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 Description, various features may be grouped
together to streamline the disclosure. This should not be inter-
preted 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 embodi-
ment. 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 equivalents
to which such claims are entitled.

What is claimed:

1. A sensor assembly including:

a first physiological parameter sensor configured to sense a
physiological parameter; and

a first reactance sensor connected to the first physiological
parameter sensor wherein the first reactance sensor pro-
vides a signal corresponding to a position of a tissue
relative to the first reactance sensor and corresponding to
the first physiological parameter sensor.

2. The sensor assembly of claim 1 including:

a processor coupled to the first physiological parameter
sensor and coupled to the first reactance sensor, the
processor configured to generate an output based on the
physiological parameter and the position; and

an output module coupled to the processor, the output
module configured to provide a measure corresponding
to the physiological parameter.

3. The sensor assembly of claim 1, wherein the first physi-
ological parameter sensor is configured to be controlled by
signals generated by the reactance sensor.

4. The sensor assembly of claim 1 further including a
second reactance sensor coupled to the first physiological
parameter sensor.
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5. The sensor assembly of claim 4, wherein the first reac-
tance sensor and the second reactance sensor are in fixed
positions relative to the first physiological parameter sensor.

6. The sensor assembly of claim 1 further including a
second physiological parameter sensor coupled to the first
reactance sensor.

7. The sensor assembly of claim 1, wherein the first physi-
ological parameter sensor includes at least one of a pulse
oximetry sensor, a tissue oximetry sensor, a temperature sen-
sor, a blood pressure sensor, a blood analyte sensor, a respi-
ratory rate sensor, and a capnography sensor.

8. The sensor assembly of claim 1 wherein the first physi-
ological parameter sensor includes a multifunction sensor
configured to measure any combination of pulse, saturated
oxygen content, blood pressure, body temperature, blood
analyte concentration, respiratory gas concentration, and
breathing rate.

9. The sensor assembly of claim 1 configured to receive at
least one of a fingertip, a toe, an ear lobe, an arm, a wrist, and
a foot.

10. The sensor assembly of claim 1 wherein the sensor
assembly has a planar planform.

11. The sensor assembly of claim 1 wherein the first reac-
tive sensor includes at least one of a capacitor and an inductor.

12. The sensor assembly of claim 1 wherein the sensor
assembly includes an array of reactance elements.

13. A non-transitory computer readable medium compris-
ing machine readable information for causing a machine to:

read physiological parameter sensor data and reactance

sensor data; and

output physiological parameter data corresponding to a

tissue wherein the physiological parameter data corre-
sponds to a position of a reactance sensor in relation to a
position of the tissue.

14. The computer readable medium of claim 13 wherein
the computer readable medium is configured to:

compare the reactance sensor data to a threshold value; and

determine a position of a sensor assembly relative to the

tissue based on the comparison.
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15. The computer readable medium of claim 13 wherein
the computer readable medium is configured to:

compare the reactance sensor data to a threshold lookup

table;

compare the physiological parameter sensor data with a

stored value; and

generate a result based on the comparison of the reactance

sensor data and the comparison of the physiological
parameter sensor data.

16. A method of using a sensor assembly comprising;

generating a reactance sensing signal, including determin-

ing at least one of a presence, a position, a movement, a
size, or a proximity of a body part relative to a physi-
ological parameter sensor;

determining a value of the reactance sensing signal;

comparing the reactance sensing signal to a threshold

value; and

based upon the comparing, generating a physiological

parameter sensor signal indicative of at least one of
pulse, saturated oxygen content, blood pressure, body
temperature, blood analyte concentration, respiratory
gas concentration, and breathing rate.

17. The method of claim 16, further comprising determin-
ing a quality of the physiological parameter sensor signal.

18. The method of claim 17, further comprising setting a
threshold value for the reactance sensing signal using infor-
mation about the determined quality of the physiological
parameter sensor signal.

19. The method of claim 16, further comprising setting a
mode of operation of the sensor assembly using information
about the determined value of the reactance sensing signal.

20. The method of claim 16, further comprising altering the
physiological parameter sensor signal using information
about the reactance sensing signal.

21. The method of claim 16, further comprising providing
a user-detectable indication of sensor assembly location rela-
tive to a body part of interest based upon the comparison
between the reactance sensing signal and the threshold value.

I S T T
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