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BIOMEDICAL DEVICE, SYSTEMS AND
METHODS HAVING CONDUCTIVE
ELEMENTS

TECHNICAL FIELD

[0001] This application relates generally to the field of elec-
tronic systems for monitoring biological properties of auser’s
body, and more specifically to sensors used in such systems.

BACKGROUND

[0002] The use of various types of sensors to evaluate one
or more physiological parameters of a patient is well known.
For example, optical pulse oximetry sensors measure the
level of oxygen saturation (SpO,) in a patient’s blood. In one
such sensor, a light-emitting diode (LED) transmits optical
radiation of several different wavelengths, e.g., visible and
infrared, through blood and tissue of a predetermined portion
of a patient’s body; typically, the wrist or finger. A photode-
tector detects the light (human-visible or other wavelengths)
after it passes through the body. Different wavelengths of
light are absorbed differently based on blood oxygen content,
so detecting the optical attenuation at each wavelength per-
mits determining oxygen saturation. In another example,
electrocardiogram (ECG or EKG) electrodes are generally
planar electrodes connected via wires to an ECG unit that
measures the voltage across different pairs of the electrodes to
monitor the patient’s heart. It is generally required that physi-
ologic sensors be correctly placed with respect to a specific
body part to be measured. For example, a pulse oximetry
sensor should be placed so that the optical path from the
transmitter to the detector intersects a blood vessel. Likewise,
an ECG sensor should be placed on a part of the body that
provides effective electrical contact across the skin (e.g., not
on top of significant amounts of hair). It is also generally
required that the sensor effectively contact the patient’s body
to make accurate measurements.

[0003] Many types of sensors are rigid or are fabricated at
least in part using rigid substrates. However, specific areas of
the human body change shape while moving, ¢.g., as muscles
alternately contract and relax. In order to maintain contact of
arigid sensor to a flexible body, some prior schemes describe
bands carrying the sensors, or sensors embedded in clothing.
However, these schemes are limited in the accuracy with
which they can maintain position. Other schemes apply pres-
sure to abody part, e.g., by pressurizing the inside of a ring on
a patient’s finger, to retain the sensor in position with respect
to that body part. However, these schemes can require expen-
sive supports for the sensors and can cause increased patient
discomfort. Alternative schemes permit the sensor to move
with respect to the body part, then compensate for that
motion.

[0004] Evenifthe sensor is retained in place with respect to
the body, or motions are compensated for, it is still desirable
for the sensor to effectively contact the body. For example, a
skin conductance sensor has two electrodes that contact the
skin to measure the resistance or voltage between the two
electrodes. Since these electrodes are directly in contact with
the skin in conventional systems, the electrodes can become
contaminated with, e.g., oil, water, or salt over time. This
contamination can reduce the accuracy of the sensor. It is
known to clean sensors periodically. However, every cleaning
cycle can cause water damage or other types of wear to the
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sensor or its electrodes. Moreover, recalibration of the sensor
may be required after cleaning to correct for this wear.
[0005] SUMMARY OF THE DISCLOSURE

[0006] In one embodiment, therefore, we have devised a
device for determining a physiological property of a body.
The device may include the following components:

[0007] a) an insulating support having a compliant con-
tact surface and an opposed mounting surface, so that the
contact surface is configured to contact the body;

[0008] D) at least one conductive element arranged at
least partly on or over the contact surface;

[0009] c) amounting fixture disposed over the mounting
surface; and

[0010] d) a rigid sensor removably mounted in the
mounting fixture, so that the rigid sensor is spaced apart
from the body and is coupled to the at least one conduc-
tive element to determine the physiological property of
the body via the at least one conductive element.

[0011] In another embodiment, we have devised a method
for enabling a physiological parameter to be measured or
monitored without direct contact between an active device
and a body. The method can be achieved by:

[0012] receiving a substantially-insulating circumferen-
tial band having a skin-contacting inner surface and an
exterior surface;

[0013] disposing at least one conductive element within
the circumferential band, the at least one conductive
element at least partly arranged on or over the inner
surface of the band; and

[0014] attaching a sensor retaining the active device to
the exterior surface of the band so that the active device
is coupled to the at least one conductive element.

[0015] In another embodiment, we have devised a physi-
ological monitoring system. The system may include the
following components:

[0016] a) arigid sensor having a mounting connector;
[0017] D) a plurality of sensor carriers, each having:
[0018] 1) an insulating support adapted to retain the

sensor carrier in position with respect to a respective
part of a body, the support having a compliant contact
surface to contact the respective part of the body;
[0019] 1i) a mounting fixture to releasably retain the
mounting connector; and
[0020] iii) a conductive element arranged at least
partly on or over the contact surface, so that the rigid
sensor mounts in the mounting fixture of one of the
sensor carriers to determine a physiological property
of the body via the corresponding conductive ele-
ment.
[0021] These embodiments exemplary ofthe present inven-
tion provide improved feedback regarding sensor position-
ing. Various embodiments advantageously provide users and
home-care providers ways of positioning sensors accurately.
Various embodiments provide detection of conditions that
may interfere with sensor readings.
[0022] Accordingly, in any of the embodiments described
earlier, the following features may also be utilized in various
combinations with the previously disclosed embodiments.
For example, the devised a device for determining a physi-
ological property of a body can include the at least one con-
ductive element having at least two conductive elements
coupled to respective interfaces of the rigid sensor so that the
rigid sensor determines the physiological property of the
body by providing an excitation to the body via a first selected
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one of the at least two conductive elements and receiving a
response of the body to the provided excitation via a second
selected one of the at least two conductive elements. The at
least one conductive element can extend at least in part radi-
ally through the support. The rigid sensor can be coupled to a
first end of the at least one conductive element, the at least one
conductive element extending along the contact surface so
that the rigid sensor determines the physiological property of
the body at an opposite second end of the conductive element.
The at least one conductive element can include a plurality of
conductive elements extending along the contact surface and
having respective first ends coupled to respective interfaces of
the rigid sensor, the second ends of at least two of the plurality
of conductive elements being spaced apart from each other.
The at least one conductive element may include a light pipe
extending along the contact surface. The mounting fixture can
include a slot adapted to receive a mounting tab protruding
from the rigid sensor. The at least one conductive element can
be electrically conductive, the insulating support can be elec-
trically insulating, and the rigid sensor can include an elec-
trical contact interface coupled to the at least one conductive
element. The at least one conductive element can be optically
conductive at a selected wavelength, and the rigid sensor can
include an electro-optical interface coupled to the at least one
conductive element. The rigid sensor can include an optical
filter disposed between the conductive element and the elec-
tro-optical interface. The device can include at least one aper-
ture extending through the support, the rigid sensor including
a second conductive element extending through the aperture
to determine the physiological property of the body. The rigid
sensor can include a transceiver configured to communicate
determined physiological data to a host processor. The sup-
portcan be defined by acircumferential band configured to be
wrapped about a portion of the body, the contact surface being
configured to contact the skin of the body. The support may
include a plurality of substantially-insulating, interlocking
modules, and at least one of the plurality of modules can
include a mounting surface having a mounting fixture. At
least one of the plurality of modules being different from at
least one other interconnecting module wherein a contact
surface of at least one module consists of insulating material.
A first of said modules can include the mounting fixture
having a first rigid sensor and a second of the modules can
include a second rigid sensor configured to cooperate with the
first rigid sensor to determine the physiological property of
the body via the at least one conductive element. The physi-
ological property can be a blood oxygen content, the rigid
sensor can include one of a light emitter or a photodetector,
the second rigid sensor can include the other of the light
emitter or the photodetector, and the selected one of the
modules and the second selected one of the modules can be
arranged so thatatleast some light emitted by the light emitter
passes through a part of the body and reaches the photode-
tector. A second selected one of the modules can include a
second rigid sensor configured to determine a second physi-
ological property of the body different from the physiological
property. The interlocking modules can be arranged to form a
circumferential band wherein the second module is diametri-
cally opposite to the first module. Two interlocked modules of
the support can include respective conductors configured to
convey signals between each other. The conductive element
can include one or more conductive segments arranged in
various connected modules.
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[0023] 1In various examples, the method can include acti-
vating the sensor to provide a signal to the body and receive a
response of the body to the provided signal. The at least one
conductive element can include a plurality of conductive
elements and the method can further include attaching a sec-
ond sensor retaining a second active device to the exterior
surface of the band, so that the second sensor is coupled to one
of the plurality of conductive elements. The method can
include activating the sensor to provide a signal to the body
and activating the second sensor to receive a response of the
body to the provided signal. The method can include detach-
ing the sensor from the exterior surface of the band and
attaching a second, different sensor in place of the detached
Sensor.

[0024] In various examples, the physiological monitoring
system can include each mounting fixture having a quick-
disconnect receptacle and the mounting connector of a sensor
having a mating quick-disconnect plug. Each sensor carrier
can be defined by a circumferential band configured to wrap
around a part of the body. Each sensor carrier can be made
from disposable materials.

[0025] In the aforementioned aspects of the disclosure, the
steps of receiving disposing, attaching, activating, or detach-
ing (possibly in conjunction with an equation or an industrial
robot) may be performed be an electronic circuit or a proces-
sor. These steps may also be implemented as executable
instructions stored on a computer readable medium; the
instructions, when executed by a computer may perform the
steps of any one of the aforementioned methods.

[0026] In additional aspects of the disclosure, there are
computer readable media, cach medium comprising execut-
able instructions, which, when executed by a computer, direct
arobot to perform the steps of any one of the aforementioned
methods, e.g., the attaching or detaching steps; or perform
steps such as the activating steps.

[0027] In additional aspects of the disclosure, there are
devices, such as sensors, or smartphones or other user-inter-
face devices, each comprising an electronic circuit or proces-
sor configured to perform steps of any one of the aforemen-
tioned methods.

[0028] These and other embodiments, features and advan-
tages will become apparent to those skilled in the art when
taken with reference to the following more detailed descrip-
tion of various exemplary embodiments of the invention in
conjunction with the accompanying drawings that are first
briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illustrate
presently preferred embodiments of the invention, and,
together with the general description given above and the
detailed description given below, serve to explain features of
the invention. For the sake of clarity, like reference numerals
herein represent like elements.

[0030] FIG. 1A is a perspective view of an exemplary
device for determining a physiological property of a body,
including a sensor and an insulating support:

[0031] FIG. 1B is a perspective view of the exemplary
sensor of FIG. 1A retained by a mounting fixture on the
insulating support;

[0032] FIG. 2 isa perspective view of an exemplary sensor
mounted to an exemplary insulating support;
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[0033] FIGS. 3 A and 3B are perspective views of an exem-
plary sensor and insulating support in which FI1G. 3A shows
the components individually and FIG. 3B shows the compo-
nents in a coupled configuration:

[0034] FIG. 4 is a perspective view of an exemplary sensor
and insulating support having extended conductive elements;
[0035] FIGS. 5A and 5B depict elevational and partial per-
spective views, respectively, of an exemplary sensor and insu-
lating support having extended conductive elements;

[0036] FIG. 6 is a perspective view of another exemplary
sensor and insulating support;

[0037] FIGS. 7A and 7B are perspective views of yet
another exemplary sensor and insulating support;

[0038] FIGS. 8 and 9 are perspective views of insulating
supports having interlocking modules according to various
embodiments;

[0039] FIG. 10 is a flowchart illustrating exemplary meth-
ods for enabling a physiological parameter to be measured or
monitored without direct contact between an active device
and a body; and

[0040] FIG. 11 is a block diagram of an exemplary system
for measuring a physiological property of the body of a user
or patient.

MODES FOR CARRYING OUT THE INVENTION

[0041] The following detailed description should be read
with reference to the drawings, in which like elements in
different drawings are identically numbered. The drawings,
which are not necessarily to scale, depict selected embodi-
ments and are not intended to limit the scope of the invention
or the attached claims.

[0042] As used herein, the term “body” is intended to be
used in the context of any part of a person; the terms “about”
or “approximately” for any numerical values or ranges indi-
cate a suitable dimensional tolerance that allows the part or
collection of components to function for its intended purpose
as described herein. More specifically, “about” or “approxi-
mately” may refer to the range of values not at least +10% of
the recited value, e.g. “about 90%” may refer to the range of
values from 81% to 99%. As used herein, the phrase “electri-
cal signal” or “signal” is intended to include direct current
signals, alternating signals or any signal within the electro-
magnetic spectrum. The terms “processor,” “microproces-
sor,” and “microcontroller” are intended to have the same
meaning and are intended to be used interchangeably.
Throughout this disclosure, the terms “patient” and “subject”
are used interchangeably. These terms can refer to any human
or animal subject and are not intended to limit the systems or
methods to human use, although use of aspects described
herein with a human patient represents a preferred embodi-
ment. Furthermore, in this disclosure, the term “user” can
refer to a patient using a biosensor or another person (e.g., a
parent or guardian, nursing staff member, home care
employee, or other caretaker) using such a device. The term
“healthcare provider” or “HCP” refers generally to doctors,
nurses, and individuals other than the patient that provide
health care services to the patient.

[0043] Various embodiments described herein advanta-
geously permit collecting accurate sensor data of the body
without fouling or prematurely aging the biosensors. Various
embodiments retain the sensor in position in a way that is
comfortable to the user. These permit measuring more-con-
sistent, more-reliable sensor data, which in turn can improve
user perceptions of the trust that can be placed in the system.
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[0044] FIG. 1A is a perspective of an exemplary device for
determining a physiological property of a body. The device
includes an insulating support 110 having a compliant contact
surface 111 and an opposed mounting surface 112. The con-
tactsurface 111 is configured to contact a body 1138, FIG. 11,
e.g., the body of a patient. According to at least one version,
the mounting surface 112 can also be compliant, though this
is not required. The insulating support 110 can be shaped in
the form of a circumferential member such as a ring, bracelet,
band (e.g., headband, armband, leg band, or waistband), or
slap bracelet that can be disposed onto a body of a patient. For
purposes of compliancy, the insulating support 110 or the
contact surface 111 thereof can be manufactured or formed
from elastomeric materials such as silicones, thermoplastic
elastomers (TPE), thermoplastic vulcanates (TPV), polyure-
thanes, or like materials that provide similar compliant char-
acteristics. Such materials can have Shore A hardness from
about 10 to about 40. The insulating support 110 can have a
thickness between the contact surface 111 and the mounting
surface 112 of between about 2 mm and about 5 mm. Using
elastomeric or other compliant materials can provide
improved conformability of the support 110 to thebody 1138
as the body 1138 changes shape, and can provide improved
comfort and washability compared to more rigid materials.

[0045] A mounting fixture 120 1is disposed over the mount-
ing surface 112 of the herein described insulating support
110. The mounting fixture 120 is configured to retain a sensor
130, e.g., arigid sensor. As used herein, the term “rigid” refers
to any sensor that is not capable of fully conforming to follow
the motion of the body part that a sensor such as sensor 130 is
intended to measure. In the example shown, the mounting
fixture 120 includes a cavity having two diametrically
opposed slots 125 adapted to receive corresponding mount-
ing tabs 135 protruding from the outer periphery of the rigid
sensor 130. It will be understood that the number of slots and
tabs can easily be varied as can the position of the various
mounting elements of the sensor and the mounting fixture.
Although slots and tabs are shown herein, it will be readily
apparent that other suitable connection techniques can be
utilized between the rigid sensor 130 and mounting fixture
120 for purposes of retention, including but not limited to
screw terminals, quarter-turn fasteners, snap-fits, swing
latches, twist-and-turn connections, bayonet-type connec-
tions, dovetail-twist connections, magnetic couplings, hook-
and-loop fasteners, straps, elastic bands, and/or bracelet clips
or any other means that provides adequate and stable reten-
tion.

[0046] FIG. 1B is a perspective view showing the rigid
sensor 130 removably mounted in the cavity of the mounting
fixture 120, and disposed such that the rigid sensor 130 is
spaced apart from the body 1138 wherein the compliant con-
tact surface 111 is configured for contact with the surface of
the body with the rigid sensor 130 being situated on the
opposing mounting surface 112. In the herein depicted
embodiment, a bayonet type connection is provided in which
the mounting tabs of the sensor 130 are initially disposed in
the slots 125 and then the rigid sensor 130 is rotated, fixing the
tabs within longitudinal portions of the slots disposed beneath
the lip of the mounting fixture 120 to retain the sensor 130.
The mounting fixture 120 can be a standardized fixture, and
various different types of sensors 130 can be designed to mate
with the mounting fixture 120 and in which each retained
sensor, including the insulating support and mounting fixture
can define a sensor carrier 100.
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[0047] 1In various embodiments, a physiological monitor-
ing system is defined by the assembled structure shown in
FIG. 1B; that is, the sensor 130 is mounted within the mount-
ing fixture 120 of the insulating support 110. The insulating
support 110 is adapted to retain the sensor carrier 100 in
position with respect to a respective part of a body 1138, FIG.
11.

[0048] Referring to FIG. 2, at least one conductive element
241 is arranged at least partly on or over the skin-facing
(body) surface 111. As shown, the rigid sensor 130 mounts
within the mounting fixture 120 of one of the sensor carriers
100 to determine a physiological property of the body via the
at least one corresponding conductive element 241. In this
way, the sensor 130 can be used with a variety of sensor
carriers, e.g., at different locations on the body. Each sensor
carrier 100 can include a circumferential band configured to
wrap around a part of the body 1138, e.g., as discussed below
with reference to FIGS. 4 and 9. Each sensor carrier 100 can
include or be composed of disposable or non-disposable
materials. Each mounting fixture 120 can include a quick-
disconnect receptacle and the mounting connector include a
mating quick-disconnect plug to permit releasable attach-
ment between the sensor and the insulating support 110. For
example, in FIG. 1A, the mounting connector may have at
least one mating tab (e.g., a living hinge) that can mate with a
corresponding tab(s) or recess in the body of the rigid sensor
130, and vice versa, for a secure connection.

[0049] Specifically, an active device in the sensor 130 is
coupled to the at least one conductive element 241, 242, as
discussed below with reference to FIG. 6. Each of the con-
ductive elements 241, 242 conducts energy of a type appro-
priate to the property to be sensed. In this specific example,
the conductive elements 241 are electrical conductors and the
conductive element 242 is an optical conductor, e.g., a win-
dow or light pipe. The sensor 130 can measure electrical
properties of the body 1138 via the electrically-conductive
elements 241, e.g.. to measure skin resistance. The sensor 130
can also transmit and receive light via the optically-conduc-
tive element 242, e.g., to measure blood oxygen content in a
reflective configuration (see, e.g., FIG. 6). Optically-conduc-
tiveelements can include optically transparent or transmitting
materials such as glass, optical plastics, or flexible, conform-
able liquid injection-molded (LIM) silicone. Thermally-con-
ductive elements can include heat pipes, lengths of metal, or
patterns of thermally conductive plastic. Electrically-conduc-
tive elements can include electrically-conductive materials
such as copper or carbon, or electrically-conductive plastics.
[0050] As discussed previously, the contactsurface 111 and
the conductive elements 241, 242 contact the body 1138, but
the sensor 130 advantageously does not. Accordingly, to
remove oil or sweat fouling, the sensor 130 can easily be
detached from the insulating support 110 and the insulating
support 110 can be washed. The sensor 130 can then be
reattached to the insulating support 110. In this way, cleaning
can be performed without negative effects on the sensor 130.
Accuracy of measurements can thus be maintained over time.
Moreover, the support 110 can be disposable. For example,
the support 110 can be discarded following use and the sensor
130 can be attached to a new, clean support 110. This inter-
changeability permits the use of relatively expensive sensors
130 with relatively inexpensive insulating supports 110.
[0051] In several herein described examples, the conduc-
tive elements 241 are electrically conductive and the support
110 is electrically insulating. The sensor 130 includes elec-
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trical contact interfaces coupled to the respective conductive
elements 241 when the sensor 130 is mounted in the mounting
fixture 120, FIG. 1B. For example, each of the conductive
elements 241 can include a plurality of electrically-conduc-
tive fibers configured so that the support 110 is substantially
watertight and is electrically conductive along the fibers.
Anisotropic conductors, such as those used to connect dis-
plays and circuit boards in watches and other portable
devices, can be used.

[0052] Theoptically-conductive element 242 canbe, e.g.,a
flexible optical member or extension acting as an optical light
pipe. The provision of this element therefore permits flexible,
close contact to the skin while housing the more expensive
and complex optical emitters and receivers away from the
skin inside the sensor 130. The optical members (e.g., the
conductive element 242) can include a flexible, conformable
liquid injection molded (LIM) silicone shaped into exten-
sions shaped and configured to provide a desired optical
transmission. The refractive index of optical components in
the sensor 130 can be matched to the plastic or elastomeric
extensions to improve optical efficiency. Other transparent
and optical materials can be used. Optical filters can also be
incorporated in the sensor 130. In various embodiments, the
sensor 130 or the band (support 110), e.g., the conductive
element 242, includes an optical filter (not shown) disposed
between the conductive element 242 and an electro-optical
interface of the sensor 130 (discussed below with reference to
FIG. 4). This inclusion can permit compensating for varia-
tions in measured data corresponding to, e.g.. skin color, hair
color, or levels of sweat. For example, the filters can be
customized to the user for skin tone or for detection at various
times of the year (e.g., a suntanned skin tone during summer
months). The optical filters can also be customized to the
particular body position for the support 110. For example, the
arm or wrist area may have a higher concentration ofhair than
the area comprising the head or chest. To improve sensor
accuracy, filters in these sensors 130 could compensate for
this higher hair concentration, along with the fineness and
color of the hair.

[0053] FIGS. 3A and 3B are perspectives of another exem-
plary rigid sensor 130 and an exemplary insulating support
110, showing the sensor in an unassembled and a mounted
configuration, respectively. For purposes of this embodiment
and clarity as to the salient features, similar parts are herein
used with the same reference numerals According to this
embodiment, the sensor 130 includes two interfaces 341 on a
lower or bottom surface that are coupled to the conductive
elements 241 of the insulating support 110 when the sensor
130 is mounted thereto. The sensor 130 can be configured to
determine the physiological property of the body 1138 by
providing an excitation to the body 1138 via a first selected
one of the conductive elements 241 and receiving a response
of the body 1138 to the provided excitation via a second
selected one of the conductive elements 241. Any number =2
of conductive elements can be used. In this example, the
conductive elements 241 extend radially through the thick-
ness of the support 110, which according to this specific
embodiment is entirely compliant. In general, at least one of
the conductive elements 241 can extend at least in part radi-
ally through the compliant support 110.

[0054] In this example and for purposes of retaining the
sensor 130 to the insulating support and more particularly the
mounting surface thereof, the sensor 130 includes a pair of
magnets 360 in spaced configuration along the bottom sur-
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face thereof that are configured to attract corresponding mag-
nets 361 disposed in the insulating support 110. The magnets
360, 361 can be arranged so that the magnets 360 will repel
the magnets 361 if the sensor 130 is rotated 180°. This advan-
tageously provides keying of the mounting of the sensor 130.
The magnets 361 and the conductive elements 241 can be
co-molded with a compliant, insulating material to form the
support 110.

[0055] Several conductive elements 342 are shown perma-
nently mounted to the sensor 130. The support 110 includes a
through hole or aperture 350 through which the conductive
elements 342 can extend when the sensor 130 is mounted to
the support 110 in order to determine the physiological prop-
erty of the body. The conductive elements 342 can be com-
pliant or elastomeric, e.g., silicone light pipes, to provide
improved patient comfort. In one example, the sensor 130 can
measure the resistance between the conductive elements 241
to determine whether the sensor is attached to a support 110 in
contact with a body 1138, FIG. 11. If so, the sensor 130 can
measure optical or other properties of the body, e.g., reflec-
tance, using the conductive elements 342.

[0056] Referring to FIG. 3B and as attached, the distal ends
of the conductive elements 342 protrude to or beyond the
contact surface 111 of the insulating support 110. In this way,
the conductive elements 342 are arranged at least partly on or
over the contact surface 111, even though they are not directly
mechanically connected to the contact surface 111 of the
herein described support 110.

[0057] FIG. 4 is a perspective of another exemplary sensor
and an exemplary insulating support having extended con-
ductive elements. As in the preceding, similar parts are herein
labeled with the same reference numerals. According to this
example, the insulating support 110 is defined by a circum-
ferential band (shown) configured to be wrapped about a
portion of the body of a subject (not shown in this view), and
in which the contact surface 111 of the support 110 is con-
figured to contact the subject’s skin. The sensor 130 includes
respective interfaces 341 configured to couple to respective
conductive elements, including a pair of conductive segments
441, 445 extending radially through the support 110, when
the sensor 130 is mounted to the mounting surface of the
support 110.

[0058] Still referring to FIG. 4, the conductive segment 441
is coupled to a circumferentially extending conductive seg-
ment 442 extending along the contact surface 111 and con-
ductive segment 442 is coupled to a conductive segment 443.
For purposes of this description, segment 441 forms a proxi-
mal (first) end and conductive segment 443 forms a distal
(second) end of a conductive element including the coupled
segments 441, 442, 443. Similarly, a second conductive ele-
ment includes a proximal conductive segment 445, a circum-
ferential conductive segment 446 extending along the contact
surface 111, and a distal conductive segment 447. It will be
readily understood that the number of conductive segments
including those leading to the sensor can easily be varied.
According to this exemplary embodiment, the distal conduc-
tive segments 443 and 447 are spaced from one another
wherein the conductive segments 441, 442, 443, 445, 446,
447 themselves can be fabricated, e.g., by insert molding or
bi-component molding. Alternatively, the conductive seg-
ments 441, 442, 443, 445, 446, 447 can be affixed to the
support 110 via a secondary operation such as welding or
fastening with adhesive. Additionally, the conductive seg-
ments 442, 446 can be shielded by coating them with a reflec-
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tive material or by overmolding them with colored elastomer
or other suitably opaque or optically-insulating material.
[0059] In this example, the conductive elements are light
pipes or waveguides conveying light and extending along the
contact surface 111. More specifically, light is conveyed by
total internal reflection between the conductive segments 441
and 443. In this way, the sensor 130, via the interfaces 341,
can determine the physiological property of the body at the
distal ends of the conductive elements, i.e., at the conductive
segments 443, 447. This can be useful, e.g., for a transmis-
sion-mode pulse oximeter. The sensor 130 can transmit light
via one of the interfaces 341 into the conductive segment 441.
Such light will be emitted into the body (not shown in this
view) from the conductive segment 443 and substantially not
from the location of the sensor 130. Some of the light will pass
through the body, be collected by the conductive segment
447, and then travel to the conductive segment 445, into the
other of the interfaces 341, and back to the sensor 130. This
routing of conductive elements advantageously permits posi-
tioning the sensor 130 away from the area to be measured if,
e.g., the sensor would obstruct the patient’s motion if placed
near the area to be measured.

[0060] In various examples, the conductive elements (e.g.,
light pipes) are arranged only over the contact surface 111. In
other examples, the insulating support 110 includes a hole
350, F1G. 3B, and the conductive elements extend part or all
of the way through the hole 350. In general, one or more of the
conductive elements can be optically conductive at a selected
wavelength. The sensor 130 can include respective electro-
optical interface(s) 342, whether transmitter, receiver, or
both, coupled to respective conductive element(s) when the
sensor 130 is mounted in the mounting fixture 120, FIG. 1B.
Multiple interfaces 341, e.g., one transmitter and one
receiver, can be coupled to a single conductive element or
segment, e.g., the conductive segment 441.

[0061] Referring to FIGS. 5A and 5B, another exemplary
sensor and insulating support arrangement are herein
described. The exemplary insulating support 110 according
to this embodiment includes a plurality of extended conduc-
tive elements 541 that are disposed in a substantially parallel
and generally circumferential manner about the insulating
support 110, which is also a circumferential member. Each of
the conductive elements 541 (in this example, optical fibers or
other light pipes having a core surrounded by cladding, e.g.,
elastomeric overmolding), has a proximal end 543 coupled to
a mounted rigid sensor 130. The conductive elements 541
extend circumferentially along the contact surface 111 and
terminate at distal ends 544, each having varying lengths and
defining different measuring positions. As such, the distal
ends 544 are spaced apart from each other.

[0062] FIG. 5B shows an enhanced view of the area around
the sensor 130. The cladding of each optical fiber has been cut
back at least in part to expose the fiber core at the proximal
ends 543. This cut back permits the sensor 130 to optically
couple to each of the parallel conductive elements 541. The
sensor 130 can activate or select various combinations of the
conductive elements 541 to take measurements of various
areas of the body (not shown) In the example shown in FIG.
5A, the distal ends 544 are located approximately at 90°,
170°, 270°, and 315° clockwise from the sensor 130. More
specifically, the sensor 130 can activate or select the light
pipes having the distal ends 544 at approximately 90° and
approximately 270° to measure directly through a part of the
body 1138. The sensor 130 can alternatively activate or select
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the light pipes having the distal ends 544 at approximately
270° and approximately 315° to take a reflective blood oxy-
gen measurement of an artery close to the skin of the body,
e.g., a finger placed through the ring-shaped support 110. In
this example, the conductive elements 541 are arranged in
planes normal to the axis of the body portion (e.g., wrist,
finger) extending through the ring-shaped support 110. Each
plane includes one conductive element 541 selectively cou-
pleable to a light emitter in the sensor 130 and one conductive
element 541 selectively coupleable to a photoreceiver in the
sensor 130. Other suitable arrangements can easily be con-
templated.

[0063] The sensor 130 can select the conductive elements
541 in various ways. In an example, the sensor 130 includes a
respective light emitter (e.g., an LED) coupled to each of the
conductive elements 541 through which light can be selec-
tively transmitted. The sensor 130 electronically directs cur-
rent through a desired one of the light emitters. The sensor
130 also includes a respective photodiode coupled to each of
the conductive elements 541 through which light can be
selective received. The sensor 130 can include a multiplexer
or other structure to receive data only from selected photo-
diode(s). In another example, the sensor 130 can include one
or more optical switches (e.g., electronically-controllable
shutters) to selectively direct light between an LED or pho-
todiode and one or more of the conductive elements 541. Any
number of light emitters or photodiodes can be used with any
number of conductive elements 541, and one or more than one
of the conductive elements 541 can be coupled to selected
LED(s) or photodiode(s) at a given time. It should be under-
stood that though this exemplary embodiment relates to opti-
cal light transmission, the concepts can equally apply to other
energy forms, e.g., voltage sources and detectors, and relays
or transistors to direct current through various electrically-
conductive elements.

[0064] FIG. 6 is a perspective view of yet another exem-
plary sensor 130 and an exemplary insulating support 110.
For purposes of this embodiment, the insulating support 110
has two holes 651, 652 extending through the thickness of the
insulating support 110. The corresponding sensor 130
includes two active devices 631, 632, engaged with conduc-
tive elements 641 and 642 extending through a bottom or
engagement surface of the sensor 130. The active devices
631, 632 include components that provide energy or perform
measurements via the conductive elements 641, 642. Exem-
plary components can include LED, photodiodes, voltage
sources, pressure sensors, ammeters, galvanometers, or elec-
tronic temperature sensors. Throughout this disclosure,
including above, references to coupling the sensor 130 to a
conductive element signify that an active device in the sensor
130 is coupled to that conductive element. Though this
embodiment specifically includes two active devices and two
holes, it will be understood that the number can be suitably
varied.

[0065] In this specific example, the rigid sensor 130 is a
reflection-mode pulse oximeter, the active device 631 is an
LED, and the active device 632 is a photodiode. The sensor
130 also includes optically-conductive elements 641, 642
coupled to the respective active devices 631, 632 and config-
ured to fit through the respective holes 651, 652 when the
sensor 130 is coupled to the support 110. The conductive
elements 641, 642, and likewise the active devices 631, 632,
can be optically isolated from each other within the sensor
130 by an inner shield, e.g., a metallic foil or another highly
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reflective material (not shown). Examples of this shielding
are discussed below in greater detail with reference to FIG.
7B.

[0066] FIGS. 7A and 7B are top and bottom perspective
views of another exemplary sensor 130 and insulating support
110. Referring to FIG. 7A, insulating support 110 is defined
with a through hole 750 extending between the skin contact-
ing surface and the mounting surface. The rigid sensor 130 is
sized to at least partially fit within the hole 750 and includes
three concentric conductive elements; namely, a pair of opti-
cally-conductive elements 741 and 742, and an electrically-
conductive element 743. Referring to FIG. 7B, the optically
conductive element 741 is coupled to two active devices 731,
e.g., LEDs in the sensor, shown in phantom. The remaining
optically conductive element 742 is coupled to another active
device 732, e.g., a photodiode, and can include spherical
optics or other focusing elements. The electrically conductive
element 743 is also coupled to an active device (not shown),
e.g., a voltage source.

[0067] The electrically-conductive element 743 can be,
e.g., a metal foil, or a backer such as a plastic sheet coated
with a reflective or mirrored material on at least one side, or
incorporating such a material in a matrix. The plastic sheet
can also be coated with or incorporate into a matrix, an
electrically-conductive material. In various aspects, the elec-
trically-conductive element 743 is also thermally conductive
(e.g., copper) so that the conductive element 743 can be used
for both temperature and current sensing. The conductive
element 743 can be divided into a plurality of electrodes
separated by electrically-insulating, reflective spacers (not
shown).

[0068] In another aspect, a composite material is used for
either of the conductive elements 741, 742. The composite
material can include optically and electrically-conductive
materials, together or in zones. A composite material can be
hybrid-molded or machined. An encapsulated emulsion that
is both optically and electrically conductive can also be used.

[0069] In various aspects, the electrically-conductive ele-
ment 743 serves as a light pipe. This concentrates the contact
with the body in a small area. Additional conductor/light-pipe
dual-purpose structures can also be used.

[0070] In functional use using photo plasmography with
LEDs and photodiodes, the optical barrier/shield can also
function as an electrode. This additional functionality is in
contrast to many prior schemes, which require separate
shielding and electrically-conductive members. In this and
other examples, the conductive elements that isolate the
active units from the skin are in the replaceable module of the
sensor 130 rather than in the support 110, although these
components can also be located in the support 110.

[0071] FIG. 8 presents a partial perspective of yet another
exemplary insulating support 110. According to this version
and rather than having a support constructed as a single
homogeneous member, a plurality of substantially-insulating
and interlocking modules 805, 810 can be provided. In the
example shown, the insulating support 110 includes four
modules 810 and two sizing modules 805. Each of the mod-
ules 805, 810 occupies a respective circum{ferential portion of
the compliant contact surface 111 and of the mounting sur-
face 112. The sizing modules 805 in this example have such
portions consisting of insulating material, but they can
include some conductive material over the contact surface
111 in various embodiments.
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[0072] Male mating connectors 811 provided at one end of
the module 810 and having outwardly tapering ends are con-
figured to interlock with corresponding female mating con-
nectors 812 at one end of the module 810 to interlock a pair of
adjacent modules 805, 810. In general, each of the modules
805, 810 can include a first mounting end and a second,
mating mounting end of the module 805, 810 opposite the
first end. The first mounting end of each of the modules 805,
8101is releasably connected to the second mounting end of an
adjacent module 805, 810. The modules 805, 810 can be
interlocked to form any form of circumferential body worn
member such as but not limited to a wristband or headband.
[0073] FIG. 9 depicts a perspective view of an insulating
support 110 having a plurality of interlocking modules 805,
806, 810,910, 915. In this example, a rigid sensor 130 (shown
in phantom) is disposed within the module 910 and is spaced
apart from the contact surface 111 thereof. The module 915
has a mounting fixture 120, FIG. 1A, and is retaining a second
rigid sensor 930. The sensor 930 is configured to cooperate
with the sensor 130 to determine the physiological property
of the body via the at least one conductive element (e.g., the
conductive element 743, FIG. 7A). For example, the sensors
130 and 930 can include respective electrodes to measure an
ECG voltage.

[0074] Inanexample, the physiological property is a blood
oxygen content. According to this embodiment, the sensor
1301includes one of a light emitter or a photodetector, and the
sensor 930 includes the other. The modules 910, 915 are
arranged so thatatleast some light emitted by the light emitter
passes through a part of the body and reaches the photode-
tector. In this example, the modules 805, 806, 8§10, 910, 915
are arranged to form a circumferential band and module 915
is diametrically disposed on the opposite side of the band
(support 110) from the module 910. In another example, one
of the modules 810 can include an active device, and the
measurement can be taken using the modules 910, 810.
[0075] In another example, sensor 930 is configured to
determine a second physiological property of the body dif-
ferent from the physiological property. For example, sensor
130 can be a skin-conductivity sensor having two electrically-
conductive elements 241, FIG. 2, and sensor 930 can be an
integrated oximeter such as those shown in FIGS. 6-7B. Any
number of sensors can be used in any number of modules, and
any combination of sensors can be configured for cooperative
measurement of a physiological property or independent
measurement. In an example, one of the modules 810, 910,
915 can include an accelerometer (not shown) for measuring
the motion of the body.

[0076] In various embodiments, a channel 920 (shown in
phantom) includes one or more conductors, e.g., wires or
optical fibers that are configured to convey signals between
the diametrically opposed modules 910, 915. For example,
photodiode data from the sensor 930 can be conveyed via
channel 920 to the sensor 130 in the module 910 for process-
ing. The channel 920 can be disposed lengthwise in or over
the module 805. The modules 805 and 806 can be sizing
modules, such as those previously discussed.

[0077] FIG. 10 is a flowchart illustrating exemplary meth-
ods for enabling a physiological parameter to be measured or
monitored without direct contact between an active device
(e.g., a pulse monitor) and a body. For purposes of an exem-
plary embodiment, processing begins with step 1010. For
clarity of explanation, reference is herein made to various
components shown in FIGS. 1-9 and 11 that can carry out or
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participate in the steps of the exemplary method. It should be
noted, however, that other components can be used; that is,
the exemplary method is not limited to being carried out by
the identified components.

[0078] Instep 1010, a substantially-insulating and compli-
ant circumferential band having a skin-contacting inner sur-
face (or skin-facing surface, or contact surface) and an exte-
rior surface (or mounting surface) is received.

[0079] Instep 1020, at least one conductive element 241 is
disposed within the circumferential band. The at least one
conductive element 241 is at least partly arranged on or over
the inner surface of the band, e.g., the contact surface 111,
FIG. 1A of the insulating support 110, FIG. 1A. As discussed
above, the conductive element(s) 241 can be offset or
recessed, or can extend only along the contact surface 111.
[0080] Instep1030,asensor 130 retaining the active device
is attached to the exterior surface of the band, e.g., the mount-
ing surface 112, FIG. 1A. As a result, the sensor 130 is
coupled to the at least one conductive element 241. Step 1030
can be followed by any of steps 1040, 1050, or 1070.

[0081] Instep 1040, the sensor 130 is activated to provide a
signal to the body and receive a response of the body to the
provided signal.

[0082] Step 1050 is useful, e.g., in aspects using a plurality
of conductive elements 241. In step 1050, a second sensor 930
retaining a second active device is attached to the exterior
surface of the band. As a result, the second sensor 130 is
coupled to one of the plurality of conductive elements 241.
Step 1050 can be followed by step 1060.

[0083] Instep 1060, the sensor 130 is activated to provide a
signal to the body and the second sensor 130 is activated to
receive a response of the body to the provided signal. In this
way, the two sensors 130 cooperate to measure the physi-
ological property.

[0084] In step 1070, the sensor 130 is detached from the
mounting surface of the band. A second, different sensor 130
is then attached in place of the detached sensor 130. This
interchangeability permits measuring different physiological
parameters using a single band. Referring back to FIG. 9, a
user can select sizing modules 805, 806 of appropriate lengths
to fit the support 110 comfortably to a part of the body 1138
that is to be measured. Different types of measurements can
then advantageously be taken without requiring the user to
reconfigure or re-size the support 110.

[0085] FIG. 11 is a block diagram of an exemplary system
for measuring a physiological property of the body 1138 of a
user. A skin surface of the body 1138 is shown schematically.
This block diagram is represented as a schematic side view of
an insulating support 110, FIG. 9, including a plurality of
interconnected modules 810, 910, 805, 915. The module 805
is a sizing module. The modules 810, 910, 905, 915 are
interlocked as shown in FIG. 9; the intetlocks are omitted
from this figure for purposes of clarity.

[0086] In this example, the module 810 includes the sensor
130 spaced apart from the contact surface 111. The sensor 130
includes a transceiver 1115 configured to communicate deter-
mined physiological data to a host processor 1110. The com-
munication can be, e.g., wired or wireless. The host processor
1110 can be, e.g., a personal computer, smartphone, tablet
computer, or belt-mounted data-collection device. The sensor
130 also includes a processor 1186 and a storage device 1184,
discussed below. In various aspects, sensors can be integrated
into interlocking modules or mounted external to those mod-
ules.
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[0087] The modules 810, 910 include respective interfaces
1120 coupled to a conductor between the modules 810, 910.
The interfaces 1120 are connected to respective processors
1186 in the modules 810, 910 so that the modules 810, 910
include respective conductors configured to convey signals
between each other. A connector 1140, represented graphi-
cally as a double arrowhead, couples the respective conduc-
tors of the modules 810, 910, e.g., when the modules 810,910
are mechanically interlocked. The connector 1140 can
include pads, bumps, pogo pins, spring contacts, or other
electrical connectors. The connector 1140 can transfer data
unidirectionally or bidirectionally.

[0088] In this example, the module 910 includes a mount-
ing fixture 120. The corresponding sensor 130, with its pro-
cessor 1186 and storage device 1184, is mounted in the
mounting fixture 120 and is coupled via connectors 1140 to,
e.g., conductive elements 1141, 1142, 1143. The interface
1120 of the module 910 can be disposed in or on the module
910 or the coupled sensor 130.

[0089] The conductive element 1141 is arranged over the
contact surface 111 only of the module 910. However, the
conductive element 1142 includes one or more conductive
segments, as shown, arranged in or over respective modules
910, 805, 915 and coupled between interlocked modules via
connectors 1140 (double arrowheads; for clarity, not labeled).
In another example, the processor 1186 associated with the
module 910 is connected via connectors 1140 through mod-
ule 805 to the conductive element 1143 in the module 915.
The module 805 passes this connection through the module
805 but does not expose the connection to the body 1138. This
is an example of the channel 920, F1G. 9.

[0090] The processor 1186 includes one or more data pro-
cessor(s) that implement processes of various embodiments
described herein. A “data processor” is a device for process-
ing data and can include a central processing unit (CPU), a
desktop computer, a laptop computer, a mainframe computer,
apersonal digital assistant, a digital camera, a cellular phone,
a smartphone, or any other device for processing data, man-
aging data, or handling data, whether implemented with elec-
trical, magnetic, optical, biological components, or other-
wise. The phrase “communicatively connected” includes any
type of connection, wired or wireless, between devices, data
processors, or programs in which data can be communicated.
Subsystems such as the storage device 1184 and the user
interface are shown separately from the processor 1186 but
can be stored completely or partially within the processor
1186.

[0091] The storage device 1184 includes or is communica-
tively connected with one or more tangible non-transitory
computer-readable storage medium(s) configured to store
information, including the information needed to execute
processes according to various embodiments. The term
“device” does not imply that storage device 1184 include only
one piece of hardware that stores data. A “tangible non-
transitory computer-readable storage medium” as used herein
refers to any non-transitory device or article of manufacture
that participates in storing instructions which may be pro-
vided to the processor 1186 for execution. Such a non-tran-
sitory medium can be non-volatile or volatile. Examples of
non-volatile media include floppy disks, flexible disks, or
other portable computer diskettes, hard disks, magnetic tape
or other magnetic media, Compact Discs and compact-disc
read-only memory (CD-ROM), DVDs, BLU-RAY disks,
HD-DVD disks, other optical storage media, Flash memories,
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read-only memories (ROM), and erasable programmable
read-only memories (EPROM or EEPROM). Examples of
volatile media include dynamic memory, such as registers
and random access memories (RAM).

[0092] Embodiments of the present invention can take the
form of'a computer program product embodied in one or more
tangible non-transitory computer readable medium(s) having
computer readable program code embodied thereon. Such
medium(s) can be manufactured as is conventional for such
articles, e.g., by pressing a CD-ROM. The program embodied
in the medium(s) includes computer program instructions
that can direct the processor 1186 to perform a particular
series of operational steps when loaded, thereby implement-
ing functions or acts specified herein such as measuring
physiological properties or characteristics of the body 1138.
[0093] In an example, the storage device 1184 includes a
random-access memory (RAM) and a disk or other tangible
computer-readable storage device such as a hard drive or a
solid-state flash drive. Computer program instructions are
read into the RAM from the storage device, or a wireless,
wired, optical fiber, or other communications port. The pro-
cessor 1186 then executes one or more sequences of the
computer program instructions loaded into the RAM, as a
result performing process steps and other processing
described herein. In this way, the processor 1186 carries outa
computer implemented process that provides technical
effects described herein, e.g., determining physiological
characteristics of a patient’s body 1138. For example, blocks
of the flowchart illustrations or block diagrams herein, and
combinations of those, can be implemented by computer
program instructions. The RAM can also store data used by
running programs.

[0094] Program code to carry out methods described herein
can execute entirely on a single processor 1186 or on multiple
communicatively-connected processors 1186. For example,
code can execute wholly or partly on a user’s computer and
wholly or partly on a remote computer, e.g., a server. The
remote computer can be connected to the user’s computer
through a network. The user’s computer or the remote com-
puter can be non-portable computers, such as conventional
desktop personal computers (PCs), or can be portable com-
puters such as tablets, cellular telephones, smartphones, or
laptops.

[0095] The sensor 130 or the host processor 1110 can
include a user interface (not shown). The user interface can
include a display device, a touchscreen, a processor-acces-
sible memory, or any device or combination of devices to
which data is output by or input to the processor 1186. For
example, the user interface can include one or more touch-
screen(s), speaker(s), buzzer(s), vibrator(s), button(s), switch
(es), jack(s), plug(s), or network connection(s).

[0096] In various embodiments, the processor 1186 or the
host processor 1110 is communicatively connected to a net-
work, e.g., via a communications interface or transceiver (not
shown). The processor 1186 can send messages and receive
data, including program code, to and from the network. For
example, requested code for an application program (e.g., a
JAVA applet) can be stored on a tangible non-volatile com-
puter-readable storage medium connected to the network. A
network server (not shown) can retrieve the code from the
medium and transmit it via the network to the processor 1186.
The received code can be executed by the processor 1186 or
the host processor 1110 as it is received, or stored in the
storage device 1184 for later execution.



US 2015/0164422 Al

[0097] Various aspects include a system having multiple
sensors 130 and one washable, reusable band (e.g., the sup-
port 110). This permits taking different types of measure-
ments without having to resize the band.

[0098] In various aspects, a biomedical measuring device
includes a circumferential band that is configured to be
wrapped about a portion of a subject’s body, the band includ-
ing an inner body (skin-contacting or -facing) surface and an
opposed outer surface, the band being substantially insulat-
ing; at least one conductive element extending radially
through the circumferential band; and a sensor attached to the
circumferential band and coupled to the at least one conduc-
tive element. The band can include a compliant (e.g., elastic)
material around the circumference of the band. The sensor
can be releasably attached to the exterior surface of the band.

[0099] Each of the sensor and the band can include corre-
sponding attachment features. The attachment feature of the
sensor being can be, e.g., a magnet, a dove-tail connector, a
bayonet connector, a threaded connector, an adhesive, a hook
portion of a hook-and-loop fastener, or a loop portion of a
hook-and-loop fastener.

[0100] The sensor can be disposed within the band and
spaced apart from the inner contact surface 111. This is as
described above with reference to the module 810, FIG. 11.
The band can comprise a plurality of interlocking sections
(FIG.9), one of the interlocking sections including the sensor
and the at least one conductive element. The conductive ele-
ment can include at least one optical element. The at least one
optical element can include a light pipe formed within the
band. The at least one optical element can include two light
pipes formed within the band, each having a respective proxi-
mal end coupled to the sensor, the distal ends of the light pipes
being spaced apart from each other. The sensor can include a
physiological parameter sensor configured to sense a physi-
ological parameter, e.g., surface body temperature, core body
temperature, heart rate, blood oxygen content, blood pres-
sure, respiration rate, or electrocardiogram signals. The con-
ductive element can include an electrically conductive ele-
ment and the circumferential band can be substantially
electrically insulating. The circumferential band can be con-
figured to be worn about at least one of a finger, wrist, arm,
leg, head, or torso of the patient.

[0101] According to various embodiments, a biomedical
device (e.g., for home therapy; over the counter or doctor-
prescribed) can include a compliant, substantially insulating
support having a contact surface (contact surface 111) and an
opposed mounting surface 112. A conductive element 241
can extend through the compliant support from the contact
surface to the mounting surface. A mounting fixture can be
disposed over the mounting surface and configured to retain a
rigid sensor 130 in position to communicate with the conduc-
tive element. The rigid sensor retained in the mounting fixture
can be included in the biomedical device, so that the rigid
sensor determines physiological properties via the conduc-
tive element. The sensor can participate with other sensors in
taking the measurement; this is included in “determining”
herein. For example, the sensor can include the LED but not
the photodiode of a pulse oximeter, and the photodiode can be
included in a different sensor (e.g., F1G. 9).

[0102] Thedevicecan include a second conductive element
241 extending through the compliant support 110 from the
contact surface to the mounting surface so that the rigid
sensor determines physiological properties via the conduc-
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tive element and the second conductive element. This useful,
e.g., for two-electrode voltage measurements.

[0103] Integrated sensors 130 according to various aspects
can include multiple pickups and corresponding conductive
regions. This permits reading, e.g., temperature and optical
properties with one sensor. The sensor position can be fixed
on the band or other support 110. The measurements do not
have to be under the sensor, e.g., as discussed above with
reference to FIG. 4; this permits accurate measurements to be
taken with small sensors.

PARTS LIST FOR FIGS. 1-11:

[0104] 110 support

[0105] 111 contact surface

[0106] 112 mounting surface

[0107] 120 mounting fixture

[0108] 125 slot

[0109] 130 sensor

[0110] 135tab

[0111] 140 connector

[0112] 241, 242 conductive elements
[0113] 341 interface

[0114] 342 conductive element

[0115] 350 hole

[0116] 360, 361 magnets

[0117] 441, 442, 443, 445, 446, 447 conductive segments
[0118] 541 conductive element

[0119] 543 proximal end

[0120] 544 distal end

[0121] 631, 632 active devices

[0122] 641, 642 conductive elements
[0123] 651, 652 holes

[0124] 731, 732 active devices

[0125] 741, 742, 743 conductive elements
[0126] 750 hole

[0127] 805, 806 sizing modules

[0128] 810 module

[0129] 811, 812 connectors

[0130] 905, 910, 915 modules

[0131] 920 channel

[0132] 930 sensor

[0133] 1010, 1020, 1030, 1040, 1050 steps
[0134] 1060, 1070 steps

[0135] 1110 host processor

[0136] 1115 transceiver

[0137] 1120 interface

[0138] 1138 body

[0139] 1184 storage device

[0140] 1140 connector

[0141] 1141, 1142, 1143 conductive elements
[0142] 1184 storage device

[0143] 1186 processor

[0144] While the invention has been described in terms of

particular variations and illustrative figures, those of ordinary
skill in the art will recognize that the invention is not limited
to the variations or figures described. In addition, where
methods and steps described above indicate certain events
occurring in certain order, those of ordinary skillin the art will
recognize that the ordering of certain steps may be modified
and that such modifications are in accordance with the varia-
tions of the invention. Additionally, certain of the steps may
be performed concurrently in a parallel process when pos-
sible, as well as performed sequentially as described above.
Separate references to “an embodiment” (or “aspect” or
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“example”) or “particular embodiments” or the like do not
necessarily refer to the same embodiment or embodiments;
however, such embodiments are not mutually exclusive,
unless so indicated or as are readily apparent to one of skill in
the art. The use of singular or plural in referring to “method”
or “methods” and the like is not limiting. The word “or” is
used in this disclosure in a non-exclusive sense, unless oth-
erwise explicitly noted. To the extent there are variations of
the invention that are within the spirit of the disclosure or are
equivalent to the inventions found in the claims, it is the intent
that this patent will cover those variations as well.

What is claimed is:

1. A device for determining a physiological property of a
body, the device comprising:

a) an insulating support having a compliant contact surface
and an opposed mounting surface, so that the contact
surface is configured to contact the body;

b) at least one conductive element arranged at least partly
on or over the contact surface;

¢) a mounting fixture disposed over the mounting surface;
and

d) a rigid sensor mounted in the mounting fixture and
capable of being removed from the mounting fixture, so
that when the rigid sensor is mounted, the rigid sensor is
spaced apart from the body and is coupled to the at least
one conductive element to determine the physiological
property of the body via the at least one conductive
element.

2. The deviceaccording to claim 1, in which the at least one
conductive element includes at least two conductive elements
coupled to respective interfaces of the rigid sensor so that the
rigid sensor determines the physiological property of the
body by providing an excitation to the body via a first selected
one of the at least two conductive elements and receiving a
response of the body to the provided excitation via a second
selected one of the at least two conductive elements.

3. The device according to claim 1, wherein the at least one
conductive element extends at least in part radially through
the support.

4. The deviceaccording to claim 1, wherein the rigid sensor
is coupled to a first end of the at least one conductive element,
the at least one conductive element extending along the con-
tactsurface so that the rigid sensor determines the physiologi-
cal property of the body at an opposite second end of the
conductive element.

5. The device according to claim 4, wherein the at least one
conductive element includes a plurality of conductive ele-
ments extending along the contact surface and having respec-
tive first ends coupled to respective interfaces of the rigid
sensor, the second ends of at least two of the plurality of
conductive elements being spaced apart from each other.

6. The device according to claim 4, wherein the at least one
conductive element comprises a light pipe extending along
the contact surface.

7. The device according to claim 1, wherein the mounting
fixture includes a slot adapted to receive a mounting tab
protruding from the rigid sensor.

8. The device according to claim 1, wherein the at least one
conductive element is electrically conductive, the insulating
support is electrically insulating, and the rigid sensor includes
an electrical contact interface coupled to the at least one
conductive element.

9. The deviceaccording to claim 1, in which the at least one
conductive element is optically conductive at a selected
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wavelength, and the rigid sensor includes an electro-optical
interface coupled to the at least one conductive element.

10. The device according to claim 9, in which the rigid
sensor further includes an optical filter disposed between the
conductive element and the electro-optical interface.

11. The device according to claim 1, further including at
least one aperture extending through the support, the rigid
sensor including a second conductive element extending
through the aperture to determine the physiological property
of the body.

12. The device according to claim 1, in which the rigid
sensor includes a transceiver configured to communicate
determined physiological data to a host processor.

13. The device according to claim 1, in which the support
is defined by a circumferential band configured to be wrapped
about a portion of the body, the contact surface being config-
ured to contact the skin of the body.

14. The device according to claim 1, in which the support
comprises a plurality of substantially-insulating, interlocking
modules and in which at least one of the plurality of modules
includes a mounting surface having a mounting fixture.

15. The device according to claim 14, at least one of the
plurality of modules being different from at least one other
interconnecting module wherein a contact surface of at least
one module consists of insulating material.

16. The device according to claim 14, in which a first of
said modules includes the mounting fixture having a first rigid
sensor and a second of the modules includes a second rigid
sensor configured to cooperate with the first rigid sensor to
determine the physiological property of the body via the at
least one conductive element.

17. The device according to claim 16, the physiological
property being a blood oxygen content, the rigid sensor
including one of a light emitter or a photodetector, the second
rigid sensor including the other of the light emitter or the
photodetector, and the selected one of the modules and the
second selected one of the modules being arranged so that at
least some light emitted by the light emitter passes through a
part of the body and reaches the photodetector.

18. The device according to claim 14, a second selected one
of the modules including a second rigid sensor configured to
determine a second physiological property of the body dif-
ferent from the physiological property.

19. The device according to claim 14, in which the inter-
locking modules are arranged to form a circumferential band
wherein the second module is diametrically opposite to the
first module.

20. The device according to claim 14, in which two inter-
locked modules of the support include respective conductors
configured to convey signals between each other.

21. The device according to claim 14, wherein the conduc-
tive element includes one or more conductive segments
arranged in various connected modules.

22. A method for enabling a physiological parameter to be
measured or monitored without direct contact between an
active device and a body, the method comprising:

receiving a substantially-insulating circumferential band
having a skin-contacting inner surface and an exterior
surface;
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disposing at least one conductive element within the cir-
cumferential band, the at least one conductive element at
least partly arranged on or over the inner surface of the
band; and

attaching a sensor retaining the active device to the exterior
surface of the band so that the active device is coupled to
the at least one conductive element.

23. The method according to claim 22, further including
activating the sensor to provide a signal to the body and
receive a response of the body to the provided signal.

24. The method according to claim 22, wherein the at least
one conductive element includes a plurality of conductive
elements, the method further including attaching a second
sensor retaining a second active device to the exterior surface
of the band, so that the second sensor is coupled to one of the
plurality of conductive elements.

25. The method according to claim 24, further including
activating the sensor to provide a signal to the body and
activating the second sensor to receive a response of the body
to the provided signal.

26. The method according to claim 22, further including
detaching the sensor from the exterior surface of the band and
attaching a second, different sensor in place of the detached
Sensor.
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27. A physiological monitoring system, comprising;

a) a rigid sensor having a mounting connector;

b) a plurality of sensor carriers, each having:

i) an insulating support adapted to retain the sensor
carrier in position with respect to a respective part of
abody, the support having acompliant contact surface
to contact the respective part of the body;

11) a mounting fixture to retain the mounting connector
of the rigid sensor and allow for release of the mount-
ing connector; and

1) a conductive element arranged at least partly on or
over the contact surface, so that when the rigid sensor
mounts in the mounting fixture of one of the sensor
carriers, the rigid sensor is coupled to the correspond-
ing conductive element to determine a physiological
property of the body via the corresponding conduc-
tive element.

28. The system according to claim 27, wherein each
mounting fixture includes a quick-disconnect receptacle and
the mounting connector of a sensor includes a mating quick-
disconnect plug.

29. The system according to claim 27, in which each sensor
carrier is defined by a circumferential band configured to
wrap around a part of the body.

30. The system according to claim 29, wherein each sensor
carrier is made from disposable materials.
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