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Disclosed is amulti-variable sensor and systems and methods
for its use to sense process changes or variations. The sensor
is employed to concurrently sense a plurality of parameters
(e.g., temperature and pressure) for a process.
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SENSOR

[0001] This application claims priority from U.S. Provi-
sional Patent Application 61/334,828 for an IMPROVED
SENSOR, filed May 14, 2010 by Frederick J. Buja, and from
pending U.S. patent application Ser. No. 11/838,491 for a
“SYSTEM AND METHOD EMPLOYING A THERMO-
COUPLE FOR MONITORING OF PHYSIOLOGICAL
PARAMETERS,” filed Aug. 14, 2007, by Frederick J. Buja,
which claims priority from U.S. Provisional Application
60/822,379 for a “SYSTEM AND METHOD FOR MONI-
TORING OF PHYSIOLOGICAL PARAMETERS;” filed
Aug. 14,2006 by Frederick J. Buja, all of the above are hereby
incorporated by reference in their entirety.

[0002] A multi-variable sensor for use in various embodi-
ments and configurations is disclosed. The sensor is
employedto sense a plurality of parameters (e.g., temperature
and pressure) for a process. In several disclosed applications
the process is cyclical in nature and the responsiveness of the
sensor is important relative to sensing small changes in the
cycles, as well as the sensor’s ability to concurrently provide
a signal representative of at least temperature and pressure to
which it is exposed.

COPYRIGHT NOTICE

[0003] 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 & SUMMARY

[0004] 1In various biological processes, there is a need to
sense temperature and pressure associated with the processes.
For example, in humans and other mammals it may be impor-
tant to sense a body temperature as well as blood pressure.
Other applications of temperature sensing include the detec-
tion of respiration, and respiration rate.

[0005] Inone biological 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. Such
sensing may be accomplished through non-invasive and/or
invasive techniques. In those situations where direct exposure
ofthe thermocouple junction is not possible, the junction may
be encapsulated in a flexible, thermally-conductive covering
so as not to impede the sensing of pressure and temperature
variations it is intended to sense. 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, bead-shaped
thermocouple junction is preferably exposed to the physi-
ological environment or specimen it is intended to sense in
order to reliably provide a signal response to changes in
temperature and/or pressure. As discussed herein, the
response of the micro-bead thermocouple (e.g.. a bead
formed by welding of thin thermocouple wires, made from
iron, and constantan or other known thermocouple combina-
tions, is capable of sensing both temperature and pressure
components.
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[0006] For example, the sensor is contemplated as a pulse
sensor, where the sampling frequency or resolution (response
time of sensor and associated analog-to-digital interface)
must be fast enough to permit accurate sensing of the analog
output curve to represent physiological parameters such as a
pulse. In such an embodiment, the response time and sam-
pling rate of the sensor and associated electrical circuitry
must be less than the maximum pulse rate to be sensed. Ata
minimum the sampling rate should be one half the maximum
pulse rate to be sensed, but in order to assure higher accuracy,
it is believed that sampling rates of one or more orders of
magnitude greater than the maximum are preferred. More-
over, in order to use a thermocouple-based sensor, such sys-
tems may include a variable output threshold for sensing
pulses.

[0007] Invarious industrial and man-made devices there is
also a need to sense temperature and pressure associated with
the process. And, aspects of the systems and methods dis-
closed herein are also applicable to such industrial processes.
One such example is a molding process, wherein a part is
molded using a material to fill a mold cavity. More specifi-
cally, the industrial process may include an injection or simi-
lar molding operation.

[0008] When the multi-variable sensor disclosed herein is
to be employed in industrial processes such as material mold-
ing (e.g., injection molding), the sensor may be used to moni-
tor and or control the industrial processes. In such embodi-
ments, placement of the sensor, an exposed thermocouple
bead, may be critical. Moreover, the location of the bead
relative to the process (e.g., in the mold, in contact with melt
material, in a vent, etc.) may be used to provide additional
information on the process. Included in the following disclo-
sure and figures are various examples and illustrations of the
manner in which such sensors may be arranged and installed.
Moreover, in the case of using the sensors in mold cavity
vents, the sensors themselves may be laid out in an array of
sensors and the output of the sensors used to control the
molding process (e.g., control closing of a gate upon detec-
tion of cavity fill and pack). For example, the sensor leads
may be placed in a vent slot in the mold, and held in place
using a plug such that the sensor leads are placed into a “U”
shapes and the sensor bead is exposed in the vent cavity to
sense the air/gas being exhausted from the mold cavity. In a
multi-cavity mold (e.g., 32 as illustrated in the following
figures), an array of 32 vent sensors may be installed and
monitored.

[0009] Disclosed in embodiments herein is a method for
concurrently sensing a combined temperature and pressure of
a process, comprising: sensing a plurality of cycles of the
process using a micro-bead sensor in direct contact with an
element of the process, including providing a sensor consist-
ing of two dissimilar metal wires terminated by a generally-
spherical, micro-bead junction suitable for exposure to the
process; exposing the micro-bead junction to the process,
where in the junction senses the process and produces a signal
in response to the process; receiving the signal; converting the
signal to data representing at least temperature and pressure
using at least one reference point against which the sensor
was calibrated; and at least temporarily, storing data repre-
senting the temperature and pressure in memory; wherein the
sensing and receiving of the signal occurs at a rate less than
one-half that of a period of the process cycle.

[0010] Also disclosed in embodiments herein is A system
to measure at least temperature and pressure of a cyclic pro-
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cess, comprising: at least one generally spherical micro-bead
sensor formed from dissimilar metals; electrical circuitry to
receive a sensor output signal and convert the sensor output
signal to a digital signal; a processor for receiving the digital
signal and processing the received digital signal in order to
quantify at least temperature and pressure components of the
signal relative to at least one reference point against which the
sensor was calibrated, the processor correcting for the refer-
ence point to produce an output representing at least two
parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an illustration of the manner in which a
reference point is employed to characterize the components
of the sensor output;

[0012] FIG. is an exemplary illustration of a system to
measure at least temperature and pressure of a cyclic process;
[0013] FIG. 3 is a block diagram illustrating various com-
ponents in a system for sensing physiological parameters;
[0014] FIGS. 4A and 4B are illustrations of a micro-bead
sensor in accordance with the disclosed embodiments; and
[0015] FIG. 5 is a general flow diagram illustrating opera-
tion sin a method for concurrently sensing a combined tem-
perature and pressure of a process.

[0016] The various embodiments described herein are not
intended to limit the embodiments described. On the contrary,
the intent is to cover all alternatives, modifications, and
equivalents as may be included within the spirit and scope of
the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0017] As noted above, the disclosed sensor and associated
systems and methods are suitable for sensing at least the
temperature and pressure variations related to a cyclic pro-
cess. Moreover, the temperature and pressure variations may
be sensed using a single, micro-bead junction formed from a
combination of dissimilar metals. The junction is responsive
to not only changes in temperature, but also to changes in
pressure. More specifically, the electromotive force (emf)
voltage that is generated by the junction of the dissimilar
metals is the result of not only the temperature but also the
pressure. In other words, the resulting emf is the sum of the
emf due to the temperature of the junction (T, ) plus the em{
due to the pressure applied to the junction (P,,,,,). As a result
the sensor finds particular use in the monitoring of various
processes, including cyclic processes that are used in indus-
trial settings and biological settings where changes in tem-
perature and pressure are relevant to the process.

[0018] Referring to FIG. 1, there is depicted a graphical
representation of the use of at least one reference or calibra-
tion point (R1) to determine the contribution of the emf from
both the temperature and pressure applied to the bead junc-
tion. In FIG. 1, the reference point is an ice-point, zero-
vacuum reference. Under Temp.=0° C. and Press.=0 Bar., the
emf voltage reading of the bead junction is obtained as a
calibration point, and the data for the junction is converted to
a value (relative to a reference voltage) and stored in a
memory for later use as will be described below. Subse-
quently, by varying either the temperature or the pressure to
which the bead is exposed, additional reference points (e.g.,
R2) can also be observed and recorded. Once the reference
point(s) is determined, then subsequent readings of the emf
output by the bead junction can be broken into component
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parts to determine changes in both temperature (T,,,) and
pressure (P, ) relative to the reference point (R1). As further
illustrated in FIG. 1, the response of the bead is dependent
upon the bead size and the relative coefficients of expansion
and material modulii for the dissimilar metals. As indicated
relative to point P, the resulting emf is the sum of the emf
contributed by a temperature change (AT) and a pressure
change (AP), resulting in the sum (2=T,,,, +P,,,,, ) as shown by
the upper dashed line.

[0019] A system to measure at least temperature and pres-
sure of a cyclic process is depicted in FIG. 2. System 200
comprises at least one generally spherical micro-bead sensor
210 formed from dissimilar metals such as iron and constan-
tan (Cu—Ni alloy), although other material combinations are
also known to produce an emf response. In the biological
embodiment, sensors 210 may be placed individually on the
surface of or internal to a living organism. As illustrated in the
figure, one embodiment is a generally linear array of sensors
212, that, when used in conjunction with other spaced-apart
sensors may be able to detect blood flow rate as well as
temperature and pressure variations of the specimen. It will
also be appreciated that, as depicted in FIG. 3, the sensor may
be employed to sense temperature changes due to respiration,
and may also be enclosed in or associated with a catheter or
similarly invasive instrument such that the temperature and
pressure may be detected internal to an organism. In the
alternative, industrial, embodiment the exposed micro-bead
junction is inserted through an ejector pin 230 into a mold
cavity 232. There the exposed bead comes into contact with
the material being molded during the molding cycle.

[0020] Although depicted relative to an ejector pin, the use
of such sensors in other portions of molds and industrial
equipment is also contemplated. For example, the manufac-
turing process employing a mold may have the sensor applied
at any one or a combination of the following: a mold cavity
vent; in contact with the material being molded; an aperture
through which molding material flows; a mold flow control-
ling mechanism; an ejector pin; a mold cavity; a stationary
pin; machine nozzle retaining hole; and a mold cavity plate. In
other industrial processes, such as heat-treating or similar
ovens, environmental test chambers and the like, the micro-
bead sensors may be attached to a surface to be monitored, or
they may be mounted so as to extend into an open atmosphere
to assure an accurate and responsive measurement of the
ambient temperature and pressure of the atmosphere with in
such ovens and chambers.

[0021] Inthe various applications, electrical circuitry such
as an interface 220 is used to receive the sensor output signal
(emfvoltage) and convert the sensor output signal to a digital
signal. In one embodiment an A-to-D converter may be used
in association with a reference voltage 224, to produce a
digital output. It will be further appreciated that the interface
itself includes some capability for regularly or periodically
sampling the signals and at least the temporary storage of the
signals, prior to sending the signals, or the digital represen-
tation thereof, for further processing or display on a computer
platform 228 or similar display/output device (e.g., screen
229). In one embodiment, the interface or the computer
receiving the digital signal and processes the received digital
signal in order to quantify at least temperature and pressure
components of the signal. This is done in conjunction with
stored reference or calibration point(s) 226, where the pro-
cessor uses at least one reference point against which the
sensor was calibrated, and the processor corrects for the sen-
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sor emf at the reference point to produce an output represent-
ing both temperature and pressure as described relative to
FIG. 1. More specifically, the system employs a processor
(e.g., computer 228) and the at least one reference point, to
produce a first output representing a digital temperature
change (T, and a pressure change (P, ) due to bead com-
pression, where the combination of the temperature change
and pressure change from the at least one reference point are
determined.

[0022] An alternative biological sensing embodiment is
depicted in FIG. 3. Referring to FIG. 3, there is depicted a
block diagram of a physiological sensor 110 in a monitoring
system 120 for a human 130. The sensor includes at least one
thermocouple having a bead-shaped junction suitable for
exposure to a physiological process(es), whereby the junction
can sense a physiological parameter, the thermocouple pro-
ducing a signal in response to the physiological parameter
such as the specimen’s temperature, pulse rate, etc. The sen-
sor provides an output signal from the thermocouple junction
in the form of a voltage (V 0, that is passed to circuitry 140
for processing. In one embodiment, the circuitry may include
anamplifier(s) 142 for amplifying the emf voltage (V,,, and
an analog-to-digital (ND) converter 144 for converting the
V., .rto adigital value or representation. Under the control of
a processor or CPU 146, the data is collected from the ND
converter and at least temporarily stored in memory 148, and
may be subsequently processed and transmitted, etc. As will
be discussed relative to the processes described below, the
processor 146 may perform various calculations to both
adjust the readings as well as to provide desired physiological
output For example, in addition to converting the voltage to a
temperature, the system also corrects the temperature to a
standard ambient condition (e.g. 14.7 psi pressure).

[0023] As also depicted in FIG. 1, system 120 may include
one or more workstations, or similar handheld computing
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 program-
matic control software to the processor 146 through wired
170 (direct serial, parallel, USB, network) or wireless 172
(infrared, radio frequency, Bluetooth™, etc.) communica-
tions 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
ofdata, 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.

[0024] Relative to the workstations or handheld devices, it
should be appreciated various instruments are suitable for
receiving and/or displaying signals produced by one or more
of the sensors described herein and logging or otherwise
recording the signals. The instruments may further include
the ability to display data that is representative of the signals
(processed and unprocessed), e.g., over time—such as in the
form of a time-based graph. 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.
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[0025] Returning to the example of FIG. 3, the sensor may
be used to monitor, 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 tempera-
ture 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 loca-
tions in or on a specimen. And, as previously noted, the sensor
may also be used within the specimen although depicted only
in situations where it is attached to a specimen surface.

[0026] Insummary, for either the industrial or the biologi-
cal processes there is disclosed a system to measure a plural-
ity of parameters (e.g., temperature and pressure), including
at least one generally spherical microbead formed from dis-
similar metals. The sensor is connected to an interface or
similar I/O connection to receive the sensor output signal and
convert the sensor output signal to a digital signal; and a
processor then receives the digital signal and processes the
received signal in order to quantify at least two parameters
relative to at least one reference point, the processor correct-
ing for the reference point to produce and store an output of
the at least two parameters.

[0027] 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 both be sensed simultaneously. The sensor
generates, through the micro-bead junction, a thermo-me-
chanical response that includes a response to an encompass-
ing gas, liquid, or solid pressure fluctuation. It will be recog-
nized that the micro-bead may be formed as a contact region
between two dissimilar metal wires (e.g., iron and constan-
tan) that produce a varying voltage in response to changes in
temperature and pressure. Moreover, at least one of the dis-
similar metal wires has a generally round cross-section. As
illustrated in FIG. 4B, the contact is a fused or welded contact,
preferably using a fusing source 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 (mechanical) variability is believed to
be significantly enhanced by reducing the size of the bead.
Thus, micro-beads having small diameters are believed pref-
erable. Ranges of micro-bead diameters on the order of 0.10
inches and smaller are believed to be preferable, and micro-
beads having sizes of about 0.001-0.010 may prove to provide
highly suitable responses.

[0028] Inone 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. 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 specifically, the response of the micro-bead junction is
a combination 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
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from MEAN Diameter=Pi-D*+AD. The area Increase is not
equal to the change from nominal by the factor+2 AD? or
(D£AD)?, where (D+AD)*=2D*+2AD+AD* and (D-AD)
2=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 sigunals indicative thereof. In other
words, the micro-bead junction is believed to produce a sig-
nificant emf response to both changes to temperature as well
as pressure.
[0029] Considering the thermal-mechanical response of
the micro-bead thermocouple, the response may be predicted
in terms of thermal-mechanical flex (;7) in relation to the
illustrations found in FIGS. 5A-B.
[0030] ;Z_~Thermal-Mechanical Flex=;T ;M
[0031] AZL./m(Spherical Bead)=A;D,;
[0032] Fi; 4Pes ssAro. representing applied bead
surface force
[0033] BZ:[BCDeE@T:o"'(BmDeE'BTeacmaz)]'[(BDEO'AFG,L,
SV(pApo sDp)l;
(0034] BZ:[BCeE@T:0+(BmeE'BTeacmaz)]'[(APG,L,S'BDEO)/
D)l

[0035] _ForsiPorssAm
[0036] .K_.=Bulk Modulus #In> Volume=FORCE on
Bead;
where matter D is bead diameter, state (,)=,G=Gas,
LL=Liquid, ,S=Solid. For Thermal z(e) Linear Flex and
Mechanical z(E) Linear Flex, the relationships may respec-
tively be stated as:
[0037] gL =Circumference=m 5D, and
[0038] ;L =Circumference=m-;D;.
Therefore, in a spherical bead the
[0039] Thermal Diameter=;D,=,L /m; and the
[0040] Mechanical Diameter=gD =5l ./nt
[0041] More specifically, the Spherical Bead (5) Thermal
Flex is characterized as:
[0042] Diameter AzDy =D, [ 1+(zDe-A;T)]
[0043] Area AgA;~zAyr[1+(2zDeAT)]
[0044] Volume AZV =~V [14(3-zDe'A,T)]
where BTAﬁnaZ_BTAactuaZ:ABTAmnge’ and

[0045] BDe:BCe@T:o"'(mBDe'BTacmaz)
where ;Ceg r,=0.000006 In/in/° F.

[0046] m,e=0.000 000 0023"/°F.
therefore at ;T,, ,,./0° F., 5T,=0.000006 in./° F./in.
[0047] and 4T, ~900° F., Ta=0.0000087 in./° F.in.
0.000006"+2.07x107°
[0048] And, the Spherical Bead (;) Mechanical Flex is
characterized as:
[0049] BADE:(BDO'AFG,L,S)/(BAEO'BDE)
5=, APG,L,SXBAEO
[0050] BADB:(BDO'APG,L,S)/(BDE)
therefore strain of enclosing substance ,Pg; ¢=5Dz(5AD5/
BDO)
where zAD -=C@ r—o+(5E 5T zocniar)
[0051] Fg ,F, Fg <==enclosing matter on sensor bead
where Dy 1 4=30,000,000 #/In* and
[0052] mzDe=(25,000,000-30,000,000  #/In*)=—(5,000,
000/900° F.)-5T

With  Fe,.

actual
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where ;Dyor000=-30,000,000 #/In*-5,000,000 #/In*=25,
000,000 #/In

[0053] Having described the general nature of the system
and the micro-bead itself, attention is turned to the method for
concurrently sensing a combined temperature and pressure of
a process. Referring to FIG. 5, in one embodiment, process
500 comprises sensing a plurality of cycles of the process
(industrial, biological, natural, etc.) using a micro-bead sen-
sor in direct contact with an element of the process (510),
including providing a sensor consisting of two dissimilar
metal wires terminated by a generally-spherical, micro-bead
junction suitable for exposure to the process. Providing a
sensor consisting of two dissimilar metal wires includes a
termination process such as: welding; laser welding; friction
welding; electron beam welding; and fusing.

[0054] As noted previously, the micro-bead junction may
be most responsive to the variations of temperature and pres-
sure of the process if left in an exposed state. However, the
current disclosure contemplates the micro-bead sensor being
protected in a manner that also permits accurate response to
changes in temperature and pressure. For example, the sensor
may be covered with a flexible, biologically-non-reactive
coating suitable for exposure to processes of living organisms
(e.g., latex, Next, at 514, the micro-bead junction of the
sensor is exposed to the process, where in the junction senses
the process and produces a signal in response to the process.
The output signal is then received (518) by an interface or
similar circuitry suitable for periodically capturing the emf
voltage generated by the sensor.

[0055] Once the emf output signal has been received, it may
be converted to digital data representing at least temperature
and pressure using at least one reference point against which
the sensor was calibrated as reflected in 522 and as described
in more detail above relative to FIG. 1. Subsequently, the
converted and reference point adjusted signals (e.g., tempera-
ture and pressure) are at least temporarily, stored in a memory
(526). The operation of the method depicted in FIG. 5 pref-
erably occurs during a time period short enough to permit the
sensing and receiving of the signal to occur at a rate less than
one-half of the period of any process cycle so as to avoid
missing the process cycle. Further contemplated is a method
wherein the rate of sensing and receiving the signal is less
than one-tenth of the average process cycle so that even minor
variations in the timing and sequence of the cycle may be
accurately detected and characterized.

[0056] As noted above, the disclosed method may have
particular applicability to a manufacturing process employ-
ing a mold and where the sensor is applied to the mold at a
location such as a mold cavity vent; in contact with the mate-
rial being molded; an aperture through which molding mate-
rial flows; amold flow controlling mechanism; an ejector pin;
a mold cavity; a stationary pin; machine nozzle retaining
hole; and a mold cavity plate. Considering a biological pro-
cess, such as monitoring the temperature, blood pressure,
pulse, respiration or other processes of a living organism, the
sensor would be applied to the living organism to sense
aspects of the biological process(es). Such processes may
require a sensor to be attached for: epidermal skin pressure
contact; capillary (under/inner skin) contact; blood vessel
contact; vascular inner blood vessel transmission contact; and
inner fluid vessel structure membranes.

[0057] As described above, converting the signal to data
representing at least temperature and pressure, operation 522,
results in a first output representing a digital temperature
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change (T,, ) and a second output representing a pressure
change (P, due to bead compression, where a sum of the
signals represents the combination of the temperature change
and pressure change from the at least one reference point.
When the reference point temperature and pressure are both
below the temperature and pressure of the process aspects
being sensed, the temperature change and pressure change
would both be reflected as positive or increasing. It is further
contemplated that the relative and/or changing pressure com-
ponent can be representative of the specimen’s blood pressure
or other biological pressure. To sense pressure aspects of the
biological process reaches an ambient material may be used
to cover and hold the sensor adjacent to the specimen’s skin.
The rising vascular pressure adds a +P,,,, o reach the systolic
maximum pressure pulse point and falls to the lower diastolic
-P,,,r point. The blood flow rate resulting from the heart
pulses is also able to be read as the peak points without the
standard cuff used to stop the blood flow and cause an
increase in blood pressure. Such an embodiment is repre-
sented as a “wrist cuff” device of FIG. 2. For example, refer-
ring to FIG. 2, there is depicted a remote, self-contained
blood-pressure sensor 610 that may be applied to a speci-
men’s forearm (wrist) or similar location. The sensor includes
a housing 612 that encompasses components of the circuitry
described above, but in this embodiment is capable of regu-
larly receiving signals from a plurality or array of micro-bead
sensors 620a and 6205. The array of sensors detect tempera-
ture and pressure changes as described above, and the array
may include two or more “lines” of between about ten and
twerty, or more, regularly-spaced sensors. 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). Signals may be
received and sent to an interface as depicted or may be wire-
lessly transmitted.

[0058] It will be appreciated that various of the disclosed
embodiments and other features and functions, or alternatives
thereof, may be desirably combined into many other different
systems or applications. Also, various presently 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 claims.

What is claimed is:

1. A method for concurrently sensing a combined tempera-
ture and pressure of a process, comprising:

sensing a plurality of cycles of the process using a micro-
bead sensor in direct contact with an element of the
process, including providing a sensor consisting of two
dissimilar metal wires terminated by a generally-spheri-
cal, micro-bead junction suitable for exposure to the
process;
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exposing the micro-bead junction to the process, where in
the junction senses the process and produces a signal in
response to the process;

receiving the signal;

converting the signal to data representing at least tempera-

ture and pressure using at least one reference point
against which the sensor was calibrated; and

at least temporarily, storing data representing the tempera-

ture and pressure in memory; wherein the sensing and
receiving of the signal occurs at a rate less than one-half
that of a period of the process cycle.

2. The method according to claim 1, wherein the rate of
sensing and receiving the signal is less than one-tenth of the
average process cycle.

3. The method according to claim 1, wherein the process is
a manufacturing process employing a mold and where the
sensor is applied to the mold at a location selected from the
group consisting of’:

a mold cavity vent;

in contact with the material being molded;

an aperture through which molding material flows;

a mold flow controlling mechanism;

an ejector pin;

a mold cavity;

stationary pin,;

machine nozzle retaining hole; and

amold cavity plate.

4. The method according to claim 1, wherein the process is
abiological process and where the sensor is applied to a living
organism to sense aspects of the biological process.

5. The method according to claim 4, wherein the aspects of
the biological process are selected from the group consisting
of:

epidermal skin pressure contact;

capillary inner skin,

blood vessel contact;

vascular inner blood vessel transmission contact; and

inner fluid vessel structure membranes.

6. The method according to claim 2, wherein converting the
signal to data representing at least temperature and pressure
results in a first output representing a digital temperature
change (T, and a second output representing a pressure
change (P, due to bead compression, where a sum of the
signals represents the combination of the temperature change
and pressure change from the at least one reference point.

7. The method according to claim 6, wherein the reference
point temperature and pressure are both below the tempera-
ture and pressure of the process aspects being sensed and
where the temperature change and pressure change are both
positive.

8. The method according to claim 1, wherein providing a
sensor consisting of two dissimilar metal wires includes a
termination process selected from the group consisting of:

welding;

laser welding;

friction welding;

electron beam welding; and

fusing.

9. The method according to claim 1, wherein the sensor is
covered with a flexible, biologically-non-reactive coating
suitable for exposure to processes of living organisms.
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10. A system to measure at least temperature and pressure

of a cyclic process, comprising:

at least one generally spherical micro-bead sensor formed
from dissimilar metals;

electrical circuitry to receive a sensor output signal and
convert the sensor output signal to a digital signal;

a processor for receiving the digital signal and processing
the received digital signal in order to quantify at least
temperature and pressure components of the signal rela-
tive to at least one reference point against which the
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sensor was calibrated, the processor correcting for the
reference point to produce an output representing at least
two parameters.

11. The system according to claim 10, wherein said pro-
cessor, using the at least one reference point, produces a first
output representing a digital temperature change (T ,,,) and a
pressure change (P, ) due to bead compression wherein the
combination of the temperature change and pressure change
from the at least one reference point are determined.
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