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SYSTEM AND METHOD EMPLOYING A
THERMOCOUPLE JUNCTION FOR
MONITORING OF PHYSIOLOGICAL
PARAMETERS

[0001] This application is a continuation of and claims
priority from co-pending U.S. application Ser. No. 11/838,
491 for a “SYSTEM AND METHOD EMPLOYING A
THERMOCOUPLE JUNCTION FOR MONITORING OF
PHYSIOLOGICAL PARAMETERS,” filed Aug. 14,2007 by
Frederick J. Buja, and also claims priority from U.S. Provi-
sional Application 60/822,379 for a “SYSTEM AND
METHOD FOR MONITORING OF PHYSIOLOGICAL
PARAMETERS,” filed Aug. 14, 2006 by Frederick J. Buja,
both of which are hereby incorporated by reference in their
entirety. This application also claims priority from U.S. appli-
cation Ser. No. 13/108,906 for a “SENSOR,” filed May 16,
2011 by Frederick J. Buja, which further claims priority from
U.S. Provisional Application 61/334,828 for a “SENSOR,”
filed May 14, 2010 by Frederick J. Buja, and both of these
applications are also hereby incorporated by reference in their
entirety.

[0002] Cross-reference is made to U.S. patent application
Ser. No. 11/381,246 for a “SYSTEM AND METHOD FOR
MONITORING TEMPERATURE AND PRESSURE DUR-
ING A MOLDING PROCESS,” by Frederick J. Buja, filed
May 2, 2006, which claims priority from U.S. Provisional
Application 60/676,761 for a “MELT DENSITY SENSING
SYSTEM AND METHOD,” by Frederick I. Buja, filed May
2, 2005, and from U.S. Provisional Application 60/745,871
for a “MEANS TO SENSE AN INJECTED MELT FLOW
FRONT CAVITY GAS VENTING AND PEAK MELT
DENSITY POINT AND TIME TO FORM A MOLDED
PART,” by Frederick I. Buja, filed Apr. 28, 2006, and all the
listed applications are hereby incorporated by reference in
their entirety.

[0003] The embodiments disclosed herein are directed to a
system and method for monitoring of physiological param-
eters, and more particularly to a system employing an
improved, low-cost thermocouple sensor bead to accomplish
sensing of temperature and/or pressure variations, using inva-
sive or non-invasive means.

COPYRIGHT NOTICE

[0004] A portion of the disclosure of this application docu-
ment contains material that is subject to copyright protection.
The copyright owner has no objection to the facsimile repro-
duction by anyone of the patent document or the patent dis-
closure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright
rights whatsoever.

BACKGROUND AND SUMMARY

[0005] Based upon improved thermocouple sensing tech-
nology, as described for example in co-pending U.S. applica-
tion Ser. No. 11/381,246, various alternative uses and
embodiments have been contemplated. The embodiments
include, among others, the application of improved thermo-
couple technology to uses in medical or physiological sensing
devices. Moreover, alternative or additional sensing devices
(e.g., piezoelectric accelerometer) for sensing falls or sudden
changes to the wearer may also be included in the series of
sensors that are contemplated for sensing physiological
parameters. The following patents are also hereby incorpo-
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rated by reference in their entirety: U.S. Pat. Nos. 6,649,095,
7,050,846, 7,051,120, 7,055,520, 7,060,030, 7,062,327,
7,063,669, 7,064,270, 7,065,396, and 7,065,409.

[0006] In one embodiment, the disclosed system and
method may be used to sense temperature and pressure of a
specimen (e.g., a mammal) in a physiological setting. As
disclosed herein, such sensing may be accomplished through
non-invasive or invasive techniques. In those situations where
direct exposure of the thermocouple junction is not possible,
the junction may be encapsulated in a flexible, thermally-
conductive covering so as not to impede the sensing of pres-
sure and temperature variations. It should be appreciated that
a thermocouple formed with a generally-spherical, micro-
bead type junction may be employed to sense not only
changes in temperature, but also localized changes in pres-
sure. In such embodiments, the reduced-size thermocouple
junction is preferably exposed to the physiological environ-
ment it is designed to sense in order to reliably provide a
signal response to changes in temperature and/or pressure. As
discussed below, the response of the micro-bead thermo-
couple (e.g., a bead formed by laser welding of 0.010 inch
thermocouple wires made from iron, and constant an or other
known thermocouple combinations) is capable of sensing
both temperature and pressure components.

[0007] Disclosed in embodiments herein is a physiological
sensor, comprising: a thermocouple having a bead-shaped
junction suitable for exposure to a physiological processes,
whereby the junction can sense a physiological parameter,
said thermocouple producing a signal in response to the
physiological parameter; and circuitry connected to the ther-
mocouple for receiving the signal, converting the signal to
data representing the physiological parameter, and at least
temporarily storing data representing the physiological
parameter.

[0008] Further disclosed in embodiments herein is a
method for sensing a physiological parameter, comprising:
providing a thermocouple including a bead-shaped junction
suitable for exposure to a physiological processes; exposing
the bead-shaped junction to the physiological process,
whereby the junction produces a signal in response to the
physiological parameter; receiving the signal; converting the
signal to data representing the physiological parameter; and
at least temporarily, storing data representing the physiologi-
cal parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating various com-
ponents in a system for sensing physiological parameters;
[0010] FIGS. 2 and 3 are exemplary illustrations of several
embodiments for the placement of sensors;

[0011] FIGS. 4A and 4B are illustrations of the thermo-
couple micro-bead in accordance with the disclosed embodi-
ments;

[0012] FIG. 5Aisa graphical illustration of the relationship
between temperature and pressure on the micro-bead junc-
tion, and FIG. 5B is a graphical illustration of a manner in
which the micro-bead thermocouple may be “calibrated” for
a particular ambient environment;

[0013] FIG. 6 is an illustrative view of an embodiment of
the disclosed system and method for sensing various param-
eters including blood pressure and fluid flow rate;

[0014] FIG. 7 is a further illustration of the device of FIG.
6 showing additional system features and functionality;
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[0015] FIGS. 8A and 8B are illustrative examples of a
pressure profile that may be generated in accordance with the
embodiment depicted in FIG. 6; and

[0016] FIG.9 is an illustrative example of respiration data
acquired in accordance with the disclosed system and meth-
ods.

[0017] The various embodiments described herein are not
intended to limit the invention to those embodiments
described. On the contrary, the intent is to cover all alterna-
tives, modifications, and equivalents as may be included
within the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION

[0018] As more particularly set forth below, the disclosed
system and methods are directed to physiological sensors for
use on humans and similar mammalian specimens. Although
described with respect to non-invasive embodiments, the dis-
closed systems and methods may be employed with more
invasive techniques in a similar manner.

[0019] Referring to FIG. 1, there is depicted a block dia-
gram of a physiological sensor 110 in a monitoring system
120 for a human 130. The sensor includes at least one ther-
mocouple having a bead-shaped junction suitable for expo-
sure to a physiological process(es), whereby the junction can
sense a physiological parameter, the thermocouple producing
a thermal energy work signal in response to the physiological
parameter such as the specimen’s temperature, pulse rate, etc.
The sensor provides an output signal from the thermocouple
junction in the form of a voltage (V,,,), that is passed to
circuitry 140 for processing. In one embodiment, the circuitry
may include an amplifier(s) 142 for amplifying the EMF
voltage (V,,,,), and an analog-to-digital (A/D) converter 144
for converting the V,, - to a digital value or representation.
Under the control of a processor or CPU 146, the data is
collected from the A/D converter and at least temporarily
stored in memory 148, and may be subsequently processed
and transmitted, etc. As will be discussed relative to the pro-
cesses described below, the processor 146 may perform vari-
ous calculations to both adjust the readings as well as to
provide desired physiological output. For example, in addi-
tion to converting the voltage to a temperature, the system
also corrects the temperature to a standard ambient condition
(e.g. 14.7 psi pressure).

[0020] As also depicted in FIG. 1, the system 120 may
include one or more workstations, or similar handheld com-
puting devices (e.g., Blackberry™, Palm Pilot™, iPOD™)
that interface or at least receive the data from circuitry 140. In
one embodiment, the workstation 160 may also provide pro-
grammatic control software to the processor 146 through
wired 170 (direct serial, parallel, USB, network) or wireless
172 (infrared, radio frequency, Bluetooth™, etc.) communi-
cations means or links. Similarly, the workstation or handheld
device may permit a user to control operation of the system,
including the frequency of monitoring (continuous, periodic,
based upon a trigger point, etc.), the amount of data to store
(e.g., all, last five readings, etc.), the method for transmission
of data, as well as specimen data (name, patient identification
code, etc.). Although not depicted it will be appreciated that
conventional interface components and circuitry may be
employed to accomplish one or more alternative communi-
cations links within the system of with external devices to
which the system may send physiological parameter data.
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[0021] Relative to the workstations or handheld devices, it
should be appreciated various instruments are suitable for
receiving signals produced by one or more of the sensors
described herein and logging or otherwise recording the sig-
nals. The instruments may further include the ability to dis-
play data that is representative of the signals (processed and
unprocessed), e.g., over time. As will be appreciated, it may
be necessary to precondition or otherwise process the signals
from the various sensing devices. For example, it may be
necessary to provide amplification or similar processing in
relation to the thermocouple signals generated.

[0022] Returning to the example above, the sensor may
provide, via a thermocouple bead sensor 110 placed in or near
the patient’s mouth, the physiological parameter of body
temperature. Here again, the circuitry stores data over a
period of time to sense changes in temperature and to thereby
represent a physiological process. In a further contemplated
embodiment, the sensors 110 may be employed to sense
temperature at a plurality of sites or locations in or on a
specimen.

[0023] In the examples set forth in FIGS. 2 and 3, alterna-
tive sensor placement and types are illustrated. FIG. 2, for
example, depicts the placement of an array of three thermo-
couple bead sensors 110 in the respective nasal and mouth
area in order to sense the respiration of a specimen. Such an
array of thermocouple bead sensors may be employed to
sense respiration from multiple orifices (e.g., nose. mouth)
similar to the respiration sensing suggested in U.S. Pat. No.
5,832,592, issued Nov. 10, 1998. FIG. 3 is one example of a
sensor that may be placed next to an artery of a specimen in
order to sense pulse or blood pressure and the like.

[0024] As depicted for example in FIGS. 4A and 4B, the
bead-shaped junction 410 is a micro-bead where the thermo-
couple senses changes in a thermo-mechanical response as an
expansion/contraction from heat and compression decom-
pression of pressure exerted on the bead-shaped junction,
thereby producing a signal including a pressure component.
In other words, the response of the micro-bead junction
includes an enhanced or amplified pressure response, from
the response of the bead surface area, so that the pressure and
temperature may be both be sensed simultaneously. Thus, the
sensor generates, through the micro-bead junction, a thermo-
mechanical response that includes a response to an encom-
passing gas, liquid, or solid pressure fluctuation. It will be
recognized that the micro-bead may be formed as a contact
region between two dissimilar metal wires (e.g., iron and
constant an) that produce a varying voltage in response to
changes in temperature and pressure. Moreover, at least one
of the dissimilar metal wires has a generally round cross-
section. As illustrated in FIG. 4B, the contact is a welded
contact, preferably welded using a low-power laser so as to
minimize the size and inner core density (K) change of the
thermocouple junction and the associated or surrounding
bead. The response of the sensor bead to pressure (mechani-
cal) variability is believed to be significantly enhanced by
reducing the size of the bead. Thus, micro-beads having small
diameters are believed preferable. Ranges of micro-bead
diameters on the order of0.10 inches and smaller are believed
to be preferable, and micro-beads having sizes of about
0.001-0.010 may prove to provide suitable responses.
[0025] In one embodiment, the sensor employed for sens-
ing pressure, temperature, etc. may be a sheathed sensor with
a0.060" diameter, which can be purchased from Omega with
stripped wire ends suitable for welding. In accordance with
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U.S. application Ser. No. 11/381,246 (Publication 2006/
0246167 Al), by Frederick Buja, hereby incorporated by
reference in its entirety, the thermocouple is preferably
formed with a micro-bead junction, wherein the smaller the
bead size, the more sensitive the junction is to changes at the
bead surface to temperature and pressure, etc. More specifi-
cally, the response of the micro-bead junction is a combina-
tion of the temperature and pressure fluctuation acting as
work energy on the EMF junction. The strain of the spherical
bead is directed to the EMF junction. As a further illustrative
example, consider a bead surface area change from MEAN
Diameter=Pi-D*+AD. The area Increase is not equal to the
change from nominal by the factor +2AD? or (D+AD)?, where
(D+ADY=2D+2AD+AD> and (D-AD)*=2D*-2AD+AD>.
Rather the area is smaller by the same that the +2AD factor,
but the smaller area is less by a +AD? exponential ratio,
thereby leading to force concentration and responsiveness to
pressure variations. Where the junction size decreases from
compression of the bead, the pressure sensed on the junction
of the thermocouple is effectively increased, wherein the
traditional thermocouple junction further becomes sensitive
to pressure changes as well as temperature changes, and can
produce signals indicative thereof. In other words, the micro-
bead junction is believed to produce a significant EMF
response to both changes to temperature as well as pressure.
[0026] Considering the thermal-mechanical response of
the micro-bead thermocouple, the response may be predicted
in terms of thermal-mechanical flex (57) in relation to the
illustrations found in FIGS. 5A-B.

sZ.z=Thermal-Mechanical Flex=5T, sMpz;

ApLg/n(Spherical Bead)=AzDy;

[0027]  ,Fs ;1 74P 15 sARo, Tepresenting applied bead
surface force

A BCDeE@T:0+ (8MD.r BT cacnia)) [(BDE0 4F G.L,
sY(pdro'sPE));

2=/, BCeE@T:0+(BmeE'B Tevernat)'1(4Ps, 1, sBDEOY
(=Dg)];

K. z=Bulk Modulus#/In* Volume=FORCE on Bead;

where matter D is bead diameter, state (,)=,G=Gas,
4L=Liquid, ,S=Solid. For Thermal z(¢) Linear Flex and
Mechanical 4(E) Linear Flex, the relationships may respec-
tively be stated as:

L ~Circumference=n-zD, and

sL=Circumference=n-zDp.
Therefore, in a spherical bead the

Thermal Diameter=pD =5L /m; and the

Mechanical Diameter=,D;=pL/n

[0028] More specifically, the Spherical Bead () Thermal
Flex is characterized as:

Diameter AgD=pDo 7 [1+(zDe'AgT)]
Area AgAepApr[14(2:3De'AT)]
Volume AgV =V [1+(3:3De' A, T)]
where 8L 4pinar 8L hactar D8 ranges and

3D.=5C.q r=ot{mpDepT yopar)
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where 5Ce(@ 7(=0.000006 In/in/° F.
mze=0.000 000 0023"/° F.
therefore at 37, p0e0° F., 37,=0.000006 in./° F./in.

and 5T, 0r-900° F., T2=0.0000087 in./° F./in.
0.000006"+2.07x10°

[0029] And, the Spherical Bead (;) Mechanical Flex is
characterized as:

sADs=(gDg G L, ) (pdzo pDE) With F 61,540,
L, sXgdgo

ADz=(3Dy +Ps, 1, ' (8Dk)

therefore strain of enclosing substance ,Py; ; =zDp (zAD5/
Do)
B0

where pADz=pC@ 1+ (3E 8T ractual)
[0030] _F.; ,F; ,F <—enclosing matter on sensor bead

where pD@ 7 ,=30,000,000%/In and

mpDe=(25,000,000-30,000,000#/In2)=(5,000,000/
900° F.)rpT,

actal

where D@7 90o=30,000,000%/1n°~5,000,000%/
[1°=25,000,000#/In’

[0031] Referring to FIG. 5B, as a result of calibrating the
bead to known temperature reference ice point (32° F.) and
boiling point (212° F.) at an atmospheric pressure of about 1
Bar (14.7 psi) the thermal-mechanical (thermal flex) verifi-
cation and certification can be accomplished, The response of
the micro-bead thermocouple may be “corrected” to adjust
for changes in atmospheric site pressure. FIG. 5 is a chart
illustrating an exemplary correction for variations in pressure
and temperature.

[0032] Inoneembodiment, the dissimilar metal wires have
a diameter of less than about 0.006 inches. More specifically,
the dissimilar metal wires may have a diameter of no larger
than about 0.001 inches. In a cross-wire junction, where the
contact that forms the EMF junction is not welded but is
formed primarily through contact, the contact region may be
less than about 0.000001 square inches in size.

[0033] Referring again to FIG. 1, the circuitry may also
include a timing circuit or chip 180. One use of such a circuit
may where the bead-shaped thermocouple junction is placed
in proximity to a specimen’s respiratory orifice(s) as in FIG.
2, to sense respiration. There the circuitry would output data
including a respiration rate based upon timing data from the
chip 180. Another alternative use of the timing capability may
be to date/time stamp data produced by the circuitry. Yet
another use of the timing chip is as a trigger for sensing one or
more pf the physiological parameters being monitored (e.g.,
pulse and blood pressure every 15 minutes) Although sepa-
rately depicted, the timing chip or circuitry may reside on the
processor or in other components of circuitry 140 or system
120. Furthermore, those familiar in the design of such logic
and control circuitry will appreciate that circuitry 140 will
also include a power source, interconnecting ports (plugs,
jacks and the like), and other components to facilitate inter-
change of signals and data as described herein. The various
interconnections between the components are illustrated with
single-line arrows, but are not intended to be limited to such
construction and indeed the components may be connected in
aprinted circuit or other circuitry and may include multi-trace
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connections, a bus structure or other means for interconnect-
ing the components. One embodiment also contemplated is
the use of amplifiers and other circuitry components at the
sensor location in order to make the sensors self-powered and
suitable for remote monitoring by a more centralized system.
Moreover, such a system may use telemetry or similar tech-
nology to periodically communicate with the sensors, thereby
allowing the specimen being monitored to move about.
[0034] As depicted in FIG. 3, for example, another embodi-
ment contemplates the timing device 180, where the bead-
shaped junction is placed in proximity to an artery of a speci-
men to sense changes in the pressure of the artery. Based upon
the sensing of pressure change, which indicates pumping of
the heart muscle, the circuitry processes and outputs data
including and indicating the specimen’s heart rate. In yet a
similar embodiment, a plurality of sensors may be used to
provide data on blood pressure and the flow of blood in an
artery. For example, referring to FIG. 6, there is depicted a
remote, self-contained blood-pressure sensor 610 that may be
applied to a specimen’s forearm (wrist) or similar location.
The sensor includes a housing 612 that encompasses compo-
nents of the circuitry described above, but in this embodiment
is capable of regularly receiving signals from a plurality or
array of micro-bead thermocouples 620a and 6204. The array
of sensors detect temperature and pressure changes as
described above, and the array would include two “lines” of
between about ten and twenty, or more, regularly-spaced
thermocouple sensors as described above. In one version of
the depicted embodiment, a resilient or spring-like member
630 is employed in a slightly convex configuration to assure
that when worn by a specimen, the thermocouple junctions
remain in proximity to or in contact with the skin and an
underlying artery. Lastly, the housing and sensors are
attached to the specimen’s arm using an arm or wrist band
640, where the ends of the band may be connected when in
use via hook and loop type fastener (e.g., Velcro™) snaps or
similar disengageable fasteners not shown).

[0035] FIG. 7 provides an illustrative example of the rela-
tionship of the thermocouple arrays 620a and 6205 with an
artery 710. It is preferable that the arrays be generally per-
pendicular to the artery for placement, so that the separation
distance between the arrays 620a and 6205 may be employed
to determine flow rate (e.g., time fora pulse to propagate from
sensing by first array (620a) to the second array (6205)). The
distance between each of the plurality of sensors in the arrays
is either known or can be calculated based upon the spacing
within the line of sensors and the separation of the two lines
of sensors.

[0036] As a self-contained sensor, the device 610 can also
exchange data with a workstation or portable computing
device 160. And, as illustrated in the display region of the
device 160, the user or medical personnel may view the data
generated by the sensors in a convenient format. More spe-
cifically, display 162 may include one or more charts or
graphs depicting processed sensor data over time, thereby
showing the changes or trends in the specimen’s physiologi-
cal processes. [t will be appreciated that such systems may be
contemplated for patient monitoring and the like. Having
described one embodiment, the collection and processing of
data for illustration in display 162 will now be described in
more detail.

[0037] Sensing of the temperature from one of more of the
micro-bead thermocouple junctions is primarily an operation
of collecting data from one of said junctions over time. Sens-
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ing the pulse (heart rate) and blood pressure are slightly more
involved, and require further processing of the signals and
data from the arrays and will now be described. Referring
briefly to FIG. 8A, there is depicted a typical sensor profile
from a single micro-bead thermocouple. The profile exhibits
successive peaks 810 that are indicative of the thermo-me-
chanical characteristics sensed by the micro-bead junction.
The peaks 810 are representative of the maximum pressure
exerted on the sensor by the artery, when the artery is likewise
expanded in response to pumping or pulsing of the heart.
Thus, the peaks are representative of the heart and the asso-
ciated or relative pressure at which it pumps. Similarly, the
base-line 820 is indicative of the artery pressure at rest. It will
be appreciated that the sensors may be used to indicate rela-
tive changes in pressure or temperature over time, or they may
be “calibrated” by taking equivalent pressure readings at the
beginning ofa sensing session and then the data merely tracks
changes in the pressure over time. Alternatively, an additional
pressure or thermal sensor may be employed to correct or
permit adjustment for changes in ambient pressure or tem-
perature.

[0038] A profile such as that depicted in FIG. 8A, when
taken across a plurality of sensors in array 620a or 6205, may
produce a plot as depicted in the three-dimensional profile of
FIG. 8B. In FIG. 8B, it can be seen that there is a central
region in which the pressure sensed is greatest, and the pres-
sure tails off to either side (front-back). Such a profile would
suggest that the artery is under the approximate middle of the
array and that the signals from the arrays sensing the peak
data may be employed to calculate and monitor the blood
pressure and heart rate. Conversely, the sensors on the
extremes of each array have little or no change in signal level
due to the heart pumping, and should be used as indicators for
the localized temperature readings. To determine the blood
pressure then, the system processes the profiles generated by
those sensors determined to be located on or closest to the
artery (having greatest pressure swings with heart pumping).
The signals of such a sensor(s) are then employed to produce
resulting pressure data and to produce corresponding systolic
(max.) and diastolic (min.) pressure fir each heart pumping
cycle. These pressure can be stored and saved in memory so
as to permit further processing and display as shown in the
middle chart or graph in display 162 (FIG. 7). Similarly, the
pulse or heart rate can be calculated based upon the time
intervale between successive peaks (or a plurality of contigu-
ous peaks), and this information can also be periodically
stored and represented in the display 162, where the pulse rate
is illustrated in the lower portion of the display. It is further
contemplated that rather than a table or chart, various of the
physiological parameters discussed herein may be displayed
as simple numbers reflecting the current or most recently
measured state. In a numeric display it may also be advanta-
geous to show the associated maximum and/or minimum
values as well so that a medical practitioner has a better sense
for the information being review.

[0039] Inyetanother embodiment of the system, the device
may provide a plurality of spaced-apart sensors and a timing
device, where bead-shaped junctions for each of said thermo-
couple sensors are placed in proximity to an artery of a speci-
men and said circuitry outputs data including a flow rate of
blood flowing through the artery. The flow rate would be
determined by the delay between sensing say a peak for each
heart pulse on the first array and the second array. Knowing
the spacing between the arrays (more specifically between the
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sensors on the arrays via a vectorial distance calculation), the
system can determine the time required for the blood pulse
(artery pressure surge) to propagate through the artery and
thereby estimate the flow rate.

[0040] In accordance with the embodiments illustrated in
FIGS. 6-8B, there is depicted a sensor, wherein the physi-
ological parameter is blood pressure, and where the circuitry
stores data over a period of time to sense changes in blood
pressure and thereby represent a physiological process. As
noted, the sensor may also include a system, attached to said
circuitry, to periodically receive the data, and to process the
data for display on a device 160 (e.g., display 162). In addi-
tion, the collected data may be displayed for one physiologi-
cal characteristic at a time or multiple characteristics may be
displayed at one time. For example, display 162 in FIG. 7
illustrates temperature, blood pressure and pulse data in an
exemplary representation of the top, middle and bottom por-
tions of such a display.

[0041] In the event that device 160 were connected to sen-
sors such as those depicted in FIG. 2, the display would depict
the monitoring of the physiological parameter of respiration,
where the circuitry again stores data over a period of time to
sense a respiration rate and to thereby represent the physi-
ological process of respiration.

[0042] As noted herein, the sensors 110 comprise one or a
plurality of the micro-bead thermocouples, eachhaving bead-
shaped junctions wherein the physiological parameter is tem-
perature and rate of respiration. In light of the various
examples, it is apparent that various combinations of param-
eters may be sensed, wherein at least one sensor monitors a
first physiological parameter and at least one other sensor
monitors a second physiological parameter.

[0043] Per Merk (Merck Manual, 18th Edition, Copyright
2006 by Merck & Co., pp. 2549-2550), medical professionals
are advised to observe the “ABCD’s” for assessment in emer-
gency situations (airway, breathing, circulation and disabil-
ity). Accordingly, also contemplated in accordance with the
disclosed embodiments is a signaling system, where based
upon one or more of the physiological parameters being
monitored, the system is able to signal (electrically, audibly or
visually) medical personnel to indicate the status of the
patient to whom the sensor is attached. For example, the
presence or lack of sensed respiration could be signaled and to
those working in a triage situation to quickly assess those
injured or wounded, such information may be important. One
contemplated embodiment includes a signaling component
that indicates whether the specimen is respirating, and if so
signals each respiration, or otherwise signals that the speci-
men has expired. The disclosed sensor and method may be
employed to sense and monitor responses to gases, liquids,
and solid acting on the bead. Hence, the sensor may be
employed in a triage situation for sensing of the nasal/mouth
respiration. Easily applied to multiple victims in a triage
situation, the respiration sensor could quickly indicate those
that are or are not breathing. The fused bead is a three-
dimensional sphere and that is capable of sensing a small
pressure rise or fall as a “temperature” response. Positioned in
or adjacent a patient’s nose, mouth or otherwise within the
respiratory organs, the sensor would provide signals indica-
tive of pressure and temperature changes.

[0044] The disclosed embodiments also contemplate the
methods for sensing a physiological parameter. Such meth-
ods include the steps of (i) providing a thermocouple includ-
ing a bead-shaped junction suitable for exposure to a physi-
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ological processes; (ii) exposing the bead-shaped junction to
the physiological process, whereby the junction produces a
signal in response to the physiological parameter; (iii) receiv-
ing the signal; (iv) converting the signal to data representing
the physiological parameter; and (v) at least temporarily,
storing data representing the physiological parameter. It will
be appreciated that the bead-shaped (micro-bead) junction
may be exposed in a non-invasive fashion or in an invasive
fashion (within a flexible and temperature transmissive enclo-
sure or envelope such as the end of a probe, catheter or the
like). Preferably, the bead-shaped junction is produced in the
form of a micro-bead such that said thermocouple is highly
sensitive to thermo-mechanical stimuli, thereby producing a
signal including a pressure component as well as temperature.
In other words, the system and method would monitor a
thermo-mechanical response that includes a response to
change in the pressure of a gas (e.g., respiration), liquid, or
even a solid. As another example of an invasive embodiment,
the micro-bead sensor may be inserted into a needle, and
embedded within an elastomeric material suitable for trans-
mission of temperature and pressure so that the sensor may be
used to sense, for example, internal body temperature and/or
body or fluid (e.g. blood, cranial) pressure.

[0045] As noted above, one parameter that may be moni-
tored on a specimen is temperature, where the circuitry stores
temperature data over a period of time to sense changes in
temperature to thereby represent the physiological process. In
some embodiments, it may be important to sense and collect
temperature data at a plurality of sites on the specimen and an
array of sensors, spaced apart or placed at desired locations,
would serve such a purpose.

[0046] In the manner of sensing respiration, using the
arrangement of sensors 110 depicted in FIG. 2, the bead-
shaped junction is placed in proximity to a specimen’s respi-
ratory orifice (nose, and/or mouth) to sense respiration over
time, and a respiration rate is determined and output for
display. The disclosed methods also contemplate placing the
bead-shaped junction in proximity to an artery of a specimen
to sense changes in the pressure of the artery, and where a
heart rate, blood pressure and/or blood flow is determined and
output. Moreover, the data collected and output may be dis-
played so that the user or medical personnel may review such
information. The disclosed methods also contemplate intet-
facing to a signaling device, where signaling may be used to
indicate whether the specimen is respirating, heart is pump-
ing, etc., and if so signaling such, or otherwise signaling that
the specimen has expired.

[0047] Although not specifically illustrated, it will be
appreciated that additional sensors may be included with the
disclosed system to provide additional feedback. For
example, a senor for the orientation of the specimen (lying
down, standing or sitting) may be used to correlate the physi-
ological parameters with the specimen’s orientation. Simi-
larly, a piezoelectric sensor may be included in an array of
sensors, wherein a fall or collapse of the subject may be
detected. It will be appreciated that the disclosed sensor and
method further contemplates the use of the various sensors in
a remote configuration wherein sensor data may be periodi-
cally or continuously collected and periodically transmitted
via wired or wireless transmission means to a central location
for review or analysis. The local system work by the user may
also include processing, monitoring and/or alarm features
and functionality.
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[0048] 1In an anticipated use situation such a cardiac stress
test, the micro sensor array initial state is known when the
device is turned on. The site temperature and barometric
pressure become the sensor base reference. A sensor array
holding device on the patient causes a counter temperature
and pressure change from the skin temperature and artery
pressure. A caregiver applies the sensor to the patient. Imme-
diately before the patient is about to engage in high motion
activities or be placed in a high emotion environment, the
caregiver turns on the automatic monitoring function, and
proceeds with his or her duties while observing the patient to
ensure that the patient is quiet until the monitor acquires a
certain number of waveforms without resetting. Once this has
occurred, the caregiver permit the high motion activity of the
specimen to begin. An automatic high motion tolerance algo-
rithm reduces the adverse effects of high motion artifacts
from the main channel using the main channel and reference
channel signals.

[0049] This invention also contemplates the ability, based
upon respiration, temperature and the like, to accurately char-
acterize a specimen’s caloric energy exchange or expendi-
ture. The noninvasive measurement of a patient’s blood pres-
sure is achieved automatically in high motion situations by
using a caloric sensor in a method and system that acquires
pressure waveform data as thermal elastic exchange occurs
during the cyclic compression and decompression of an
artery varies. As described above lateral and specifically
spaced micro sensor array is applied to skin surface. The
interrelationship of site ambient temperature and barometric
pressure acting and underlying skin area and artery pressure
is profiled and the subsequent data acquired from the signals
1s processed to characterize he physiological parameters.

[0050] The following discussion is directed to the calibra-
tion and use of the sensing system. Assuming, for example, a
98.6° F. body temperature; a 60/40 (systolic/diastolic) blood
pressure; an approximately 60 beats per minute pulse rate,
and approximately 12 respirations/min respiration rate, the
chart depicts the results of calculated bead expansion and
contraction with and site pressure input correction for atmo-
spheric pressure.

[0051] Consider a sensor calibration reference point or “Ice
Point” at32°F. or 0° C. The sensed temperature to such a zero
reference is known as is the signal generated by the thermo-
couple. The pressure may then be calibrated to a known or
typical pressure (example 14.7 psi). As pressure increases or
decreases, the bead compression or expansion is then a pro-
grammable correction, similar to the present automated cuff
system. That is how the cuff sensed site blood pressure is
corrected. In a similar manner, the present sensor may be
corrected or calibrated based upon the volume of the micro-
bead junction. The sensor bead change in volume may be
characterized as

Delta V={FbxDb}/{AbxE}

where, Fb=Force on the Bead=Pa { Atmospheric Pressure}x
As {Bead surface Area [mxD?]}. Note that pressure correc-
tion Z=thermal mechanical flex=(e)x(E). Steel expansion is
NOT constant, as e=0.000006" (micro-bead junction size)+
0.000000 0023xTemp actual (Ta). Hence, the Expansion rate
increases as the temperature rises. And, E (Young’s Modulus)
is not constant, and although approximating 30,000,000
pounds per square inch at room temperature, the modulus
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drops with temperature rises (e.g., E=30,000,000-{(5,000,
000/900)xTa}). In other words, Temperature changes the
fused bead Modulus.

[0052] AS suggested previously, the sensing system may be
comparatively calibrated with a blood pressure cuff or similar
means and a technician may assure correlation. Moreover, the
process for conducting such a correlation test may be con-
trolled and facilitated by a programmatic set of instructions
stored in the associated workstation or handheld device 160.
[0053] Once calibrated various physiological parameters
may be monitored, including but not limited to:

[0054] Respiration Temperature

[0055] 1. Inhalation ambient site source (Oxygen rich)
[0056] ii. Exhale Internal source (Carbon Dioxide rich)
[0057] Respiration Rate

[0058] i.Rest

[0059] 1i. Active

[0060] Body Temperature

[0061] 1. Surface

[0062] 1ii. Inner tissue

[0063] Vascular Body Pressure

[0064] i. Surface Palpitation

[0065] ii. Inner Vascular Pulse Range

[0066] Vascular Blood Pressure Nominal

[0067] 1. Systolic High Blood flow start (60 PSI-120" Hg)
[0068] 1ii. Diastolic Low Blood flow pulse fade (40 PSI-80"
Hg)

[0069] Vascular Blood Flow Rate

[0070] i.Rest

[0071] 1. Active

[0072] In accordance with the various aspects disclosed

herein and in the details depicted in the exemplary embodi-
ments of the attached figures, the disclosed sensor and
method are believed suitable for monitoring one or more of
the following: Temperature-Acceleration-Pressure-Pulse-
Position-Sound.

[0073] The various embodiments described herein are not
intended to limit the claimed invention to those embodiments
described. On the contrary, the intent is to cover all alterna-
tives, modifications, and equivalents as may be included
within the spirit and scope defined by the appended claims.
[0074] It will be appreciated that various of the above-
disclosed embodiments and other features and functions, or
alternatives thereof, may be desirably combined into many
other different systems or applications. Also, various pres-
ently unforeseen or unanticipated alternatives, modifications,
variations or improvements therein may be subsequently
made by those skilled in the art which are also intended to be
encompassed by the following or future claims.

What is claimed is:

1. A physiological sensor, comprising:

athermocouple having a micro-bead junction, whereby the

Jjunction senses a physiological parameter, said thermo-
couple producing a signal in response to the physiologi-
cal parameter; and

circuitry connected to the thermocouple for receiving the

signal, converting the signal to data representing the
physiological parameter, and at least temporarily storing
data representing the physiological parameter.

2. The sensor according to claim 1, wherein the physiologi-
cal parameter is body temperature, and where said circuitry
stores data over a period of time to sense changes in tempera-
ture to thereby represent a physiological process.
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3. The sensor according to claim 1, wherein said junction
senses changes in response to thermo-mechanical stimuli,
thereby producing a signal including a pressure component.

4. The sensor according to claim 3, wherein said thermo-
mechanical stimuli include gas, liquid, or solid and where
said signal includes a response to a pressure change in the gas,
liquid, or solid.

5. The sensor according to claim 4, wherein said micro-
bead is formed as a contact region between two dissimilar
metal wires.

6. The sensor according to claim 5, wherein said contact is
a welded contact.

7. The sensor according to claim 6, wherein said dissimilar
metal wires have a diameter of less than about 0.006 inches.

8. The sensor according to claim 7, wherein the diameter of
said metal wires is no larger than about 0.001 inches.

9. The sensor according to claim 1, wherein said circuitry
includes a timing device and where said junction is placed in
proximity to a physiological specimen’s respiratory orifice to
sense respiration and said circuitry outputs data including a
respiration rate of the physiological specimen.

10. The sensor according to claim 1, wherein said circuitry
includes a timing device and where said junction is placed in
proximity to an artery of a physiological specimen to sense
changes in the pressure of the artery and said circuitry outputs
data including a heart rate of the physiological specimen.

11. The sensor according to claim 1, wherein said circuitry
includes a plurality of spaced-apart junctions and a timing
device, and where said spaced-apart junctions are placed in
proximity to an artery of a physiological specimen and said
circuitry outputs data including a flow rate of blood flowing
through the artery of the physiological specimen.

12. The sensor according to claim 3, wherein the physi-
ological parameter is blood pressure, and where said circuitry
stores data over a period of time to sense changes in blood
pressure and to thereby represent a physiological process.

13. The sensor according to claim 1, wherein said sensor
further comprises a system to periodically receive the stored
data and to process the data for presentation on a display.

14. The sensor according to claim 1, further comprising a
plurality of thermocouple junctions, each having micro-bead
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junctions wherein the physiological parameters sensed
include temperature and rate of respiration.

15. The sensor according to claim 1, further including a
housing and wherein said junction is maintained in proximity
to a physiological specimen by said housing.

16. A sensor, comprising:

a micro-bead junction of dissimilar wires sensing both
thermal and pressure stimuli, whereby the junction is
positioned to detect force applied to the physiological
specimen, said junction producing a signal in response
to the force; and

circuitry connected to the junction for receiving the signal,
converting the signal to data representing both thermal
and pressure stimuli, and at least temporarily storing
data representing the stimuli.

17. The sensor according to claim 16, wherein said signal
includes a component representing an applied bead surface
force.

18. A method for sensing a force at a surface of a physi-
ological specimen, comprising;

adapting, to a surface of the physiological specimen, a
sensor including a micro-bead junction of dissimilar
wires sensing both thermal and pressure stimuli,
whereby the junction is positioned in relation to the
surface to detect the force, said junction producing a
signal in response to the force, and circuitry connected to
the junction for receiving the signal, converting the sig-
nal to data representing both thermal and pressure
stimuli, and at least temporarily storing data represent-
ing the stimuli;

processing the data to determine a component of the signal
due to application of the force.

19. The method of claim 18, further comprising processing

the data for illustration on a display.

20. The method of claim 18 wherein said sensor includes a
housing and is adapted for use with the physiological speci-
men by attaching the housing so that at least a surface of the
sensor provides an operative connection between the physi-
ological specimen and the micro-bead junction in order to
detect the force.
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