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FIG. 1

lated methods are described herein. An example apparatus includes a band to be
worn around a limb of a user, an active material carried by the band and a con-
troller to: (1) apply an activation signal to the active material to constrict blood
flow in the limb, and (2) reduce the activation signal to allow blood flow in the
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BLOOD PRESSURE APPARATUS USING ACTIVE MATERIALS AND RELATED
METHODS

FIELD OF THE DISCLOSURE
{0001] This disclosure relates generally to blood pressure apparatus and, more particularly, to

blood pressure apparatus using active materials and related methods.

BACKGROUND
{6002} Blood pressure can he indicative of a variety of health conditions. If a person’s blood
pressure is too high, for instance, the pressure puts extra strain on the arteries and the heart,
which may lead to heart attacks, strokes, kidney problems, etc. Low blood pressure can be
related to other heart problems, endocrine problems, infections, eic. Blood pressure 18
commonly measured using a sphygmomanometer, which is a device that uses an inflatable cuff
to coliapse and then release an artery under the cuff. The cuft is wrapped around a person’s arm
and inflated with air. The pressure in the cuff causes a constricting force or pressure around the
arm that cuts off circulation through the artery under the cuft. The pressure in the inflatable cutf
is then released. While releasing the pressure, a mercury or mechanical manometer is used to
measure the pressure in the cuft, which is an indirect measurement of the pressure of the blood

flowing through the artery.

BRIEF DESCRIPTION OF THE DRAWINGS
{0003] FIG. 1 illustrates an example blood pressure apparatus having an example band with an
example electroactive polymer (EAP) constructed in accordance with the teachings of this
disclosure.
10004] FIG. 2A 1s a side view of the example blood pressure apparatus of FIG. | in which the
example EAP is in a non-constricting state.
{6003] FIG. 7B is a side view of the example blood pressure apparatus of FIG. 1 in which the
example EAP i3 in a constricting state.
{8006] FIG. 3 is a cross-sectional view of a section of the example EAP of FIG. 1.
{0007] FIG. 4 shows example force directions that may be applied to the example EAP of FIG. 1

to impart a capacitance change in the example EAP.
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{0008] FIG. 5A is a side view of an alternative construction of the example blood pressure
apparatus of FIG. 1 where multiple sections of the example band are formed by example EAP
portions. In FIG. SA, the example EAP portions are in a non-constricting state.

{000%] FIG. 5B 1s a side view of the example implementation of FIG. SA in which the example
EAP portions are in a constricting state.

{0010] FIG. 6 illustrates an example blood pressure apparatus having an example band with
example shape-roemory alloy (SMA) wires constructed 1n accordance with the teachings of this
disclosure.

[0011] FIG. 7A is a side view of the example blood pressure apparatus of FIG. 6 showing the
example band when the example SMA wires are in a non-constricting state.

{6012] FIG. 7B is a side view of the example blood pressure apparatus of FIG. 6 showing the
band when the example SMA wires are in a constricting state.

10013] FIG. 7C 15 a side view of the example blood pressure apparatus of FIG. 6 showing the
example band after the SMA wires have been released back to the non-constricting state.

{06014] FIG. 8 illustrates an example blood pressure apparatus incorporated into a long-sleeve
shirt and constructed in accordance with the teachings of this disclosure.

18015] FIG. 9 shows the example blood pressure apparatus of FIG. & in a different location of
the long-sleeve shirt.

{0016] FIG. 10 shows the example blood pressure apparatus of FIG. 8 incorporated into a short-
sleeve shirt.

{8017} FIG. 11 15 a flowchart representation of an example method to determine blood pressure
as implemented by the example blood pressure apparatus of FIGS. 1, 6 or 8.

{00138] FIG. 12 is a block diagram of an example processor system structured to execute example
machine readable instructions represented at least in part by FIG. 11 to implement the example
blood pressure apparatus of FIGS. 1, 6 and 8.

18019] Certain examples are shown in the above-identified figures and described 1n detail below.
In describing these examples, like or identical reference numbers are used to identify the same or
similar elements. The figures are not necessarily to scale and certain features and certain views
of the figures may be shown exaggerated in scale or in schematic for clarity and/or conciseness.

Additionally, several examples have been described throughout this specification. Any features
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from any example may be included with, a replacement for, or otherwise combined with other

features from other examples.

DETAILED DESCRIPTION
{0028] Disclosed herein are example methods, apparatus/system and articies of manufacture for
determining the blood pressure of a user. Example blood pressure apparatus disclosed herein
include relatively small, compact devices that can be worn by a user and used, when desired, to
determine the user’s blood pressure. Example blood pressure apparatus may be worn, for
example, around a user’s wrist, upper arm, etc. and/or incorporated into an article of clothing,
The example blood pressure apparatus employ active materials that deform, when activated, to
apply a constricting force to cutoft blood flow in the user’s limb. The pressure provided by the
active material is released, and the example blood pressure apparatus may be used to sense the
blood flow through the user’s artery and, thus, determine the user’s blood pressure. Before
describing the various details of the present disclosure, a brief overview of blood pressure
calculation is provided.
{0021] In general, a blood pressure measurement (also referred to as a reading or value) contains
two numbers, usually written as a ratio, which include the systolic pressure and the diastolic
pressure. The systolic pressure, which is the top number, represents the pressure in the arteries
when the heart beats (i.e., when the heart muscle contracts). The diastolic pressure, which is the
bottom number, represents the pressure in the arteries between heart beats (i.¢., when the heart
muscle 1s resting between beats and refilling with blood). The pressures are typically measured
in millimeters of mercury (mmm Hg). A common blood pressure measurement i1s 120/80 mm Hg,
for example.
{0022} Two known techniques are commonly employed for determining blood pressure: the
oscillatory technique and the Korotkoff technigue. In both techniques, alimb (e.g., an arm) of a
user is constricted to block blood flow through the arteries in the limb. For instance, using a
sphygmomanometer, an intlatable cuff is placed around an upper arm of a user and pressurized
to restrict blood flow through the arteries tn the arm. The pressure in the inflatable cuff s then
slowly released. As the pressure is reduced, blood begins to flow through the arteries in the arm
again. The Korotkoff technique tnvolves listening to the sound of the blood flow to determine

the systolic and diastolic pressures. In particular, there are five Korotkott scunds (however, only
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the first and last sounds are of clinical significance). The systolic blood pressure is taken to be
the first Korotkott sound that is first heard and the diastolic blood pressure is the pressure at
which the fourth Korotkoff sound 1s barely audible. The oscillatory technique, on the other hand,
involves measuring the pressure oscillations of the pumping blood, which may be detected with a
SEnSor.

{0023} In recent years, wearable devices in the health and fitness market have become popular.
These known devices include sensors for detecting heart rate, SP02% and other measures of
performance and health metrics. However, these known wearable devices have not been able to
incorporate blood pressure measurements. To produce enough constricting force, known blood
pressure devices use a cuff that is wrapped arcund the arm of a user and inflated. These known
blood pressure devices are relatively large and uncomfortable and, thus, are only used when
taking the blood pressure of a person, such as at a hospital (or other medical facility) or at the
person’s home when convenient. Additionally, the pneumatic cuff requires significant power to
operate and is generally complicated to use. Therefore, blood pressure devices have not been
incorporated into wearable devices.

{0024] Example blood pressure apparatus disclosed herein include a band to be worn around a
limb (e.g., an arm (the wrist, upper arm, etc.), a leg, etc.) of a user and an active material. To
create a constricting force, the example blood pressure apparatus employ an active material that
is coupled to the band. As used herein, the term “active material” refers to a material that
exhibits a reversible change in a fundamental property such as dimension, shape, orientation,
shear force, or flexural modulus upon application or removal of an activation signal. An active
material may include, for example, a shape-memory alloy (SMA) (also referred to as a smart
memory alloy) or an electroactive polymer (EAP). When activated, the active material deforms
or morphs shape to provide pressure around the limb of the user. The activation may then be
decreased to release the constricting force around the limb and allow blood flow through the
artery. The blood pressure apparatus detects the blood flow and determines the user’s blood
pressure. The example blood pressure apparatus may determine the user’s blood pressure using
either the oscillatory technique or the Korotkoft technique. In some examples, the active
material is used to sense pulses or oscillations caused by the blood flow when reducing the
activation of the active material. In other examples, one or more sensors {e.g., 2 microphone) are

coupled to the band to detect the blood flow in the limb of the user.
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{0025} Depending on the particular type of active material, an activation signal is used to
activate the activate material, thereby causing the active material to change shape (e.g., deform).
The activation signal may be, for example, application of an electric current or voltage, a
ternperature change, a magnetic field, a mechanical loading or stressing, etc. For example, when
using an SMA, a heat signal or a voltage may be applied for changing the property of the SMA.
When using an EAP, for example, a voltage may be applied for changing the property of the
EAP.

{8026] In some examples, the change in the property of the active material remains for the
duration of the applied activation signal. In some examples, when the activation sigoal is ceased
{e.g., when the active material is deactivated}, the property of the active material reverts to an
unpowered form and returns substantially to its original property. In some examples, a return
mechanism (e.g., a spring) capable of providing a force opposite to the actuation force of the
active material is provided.

{0027] Some example apparatus disclosed herein incorporate an active material band into a
garment, such as a shirt. For example, the active material band may be coupled to a sleeve of the
shirt and positioned to be worn around an upper arm of the user. The active material band may
be activated, via an activation signal, to provide a constricting force around the arm of the user.
The activation signal may then be reduced to allow blood flow through the arm, which is
detected and used to determine the blood pressure of the user.

{6028} Unlike known pneumatic biood pressure devices, example blood pressure apparatus
disclosed herein do not require manual activation (e.g., pumping of air} or complicated
pneumatic machines to produce constricting pressure. Instead, the example blood pressure
apparatus employ active materials that are relatively small, lightweight and produce strong
constricting force. As a result, the example blood pressure apparatus are more comfortable to
wear and may be worn by a user for a longer period of time (e.g., throughout the day) compared
to known blood pressure devices. Further, the example blood pressure apparatus are more
energy efficient than known blood pressure devices.

{6029] Turning now to the figures, FIG. 1 illustrates an example blood pressure (BP) apparatus
100 constructed in accordance with the teachings of this disclosure. The example BP apparatus
100 includes a band 102 to be worn around a body part or limb (e.g., anarm, aleg, etc. ) of a

user. The band 102 forms an opening 103 through which the user’s limb can be inserted. In the



WO 2018/063473 PCT/US2017/042116

illustrated example, the BP apparatus 100 includes an electronics unit 104 and a display 106
coupled to the band 102, disclosed in further detail herein.

{803¢] To constrict blood flow 1n the limb of the user, the example BP apparatus 100 includes an
active material carried by the band 102, In the BP apparatus 100 of FIG. 1, the active material is
implemented using an electroactive polymer (EAP) material. In particular, in the illustrated
example, an EAP 108 (e.g, an EAP strip or band) is disposed on an inner surface 110 of the
band 102 and, thus, around the opening 103 When an activation sigoal 1s applied to the EAP
108, the EAP 108 changes shape {e.g., bends, deforms, etc.}. In particular, the EAP 108 changes
between a non-constricting state or shape {e.g., a relaxed state, a deactivated state, etc.} and a
constricting state or shape (¢.g., an activated state, restricted, etc.). FIG. 2A shows the EAP 108
of the BP apparatus 100 in the non-constricting state and FIG 2B shows the EAP 108 of the BP
apparatus 100 in the constricting state. In in the non-constricting state illustrated in FIG. 2, the
EAP 108 is substantially flush or even with the inner surface 110 of the band 102. When the
EAP 108 is activated, the EAP 108 deforms or compresses inward, thereby decreasing a diameter
of the opening 103 from a first diameter D1, as illustrated in FIG. 2A, to second, smaller
diameter D2, as tllustrated in FIG. 2B. In the illustrated example, the band 102 is relatively
rigid, so that change in shape of the EAP 108 is focused inward to decrease the diameter or
circumterence of the opening 103, The EAP 108 deforms more or less depending on the strength
of the activation signal. The EAP 108 can be deformed an amount sufficient to restrict or cutoff
blood tlow in the lirnb of the user. In particular, the EAP 108 may be activated to a degree in
which blood flow in an artery under the band 102 is stopped. Once blood flow is cutoft, the
strength of the activation signal can be decreased to reduce the pressure applied by the EAP 108
and to allow blood flow through the artery again. While reducing the pressure, one or more
blood pressure measurements may be taken, as disclosed in further detail herein.

{0031] The EAP 108 may be constructed of, for example, an insulating polymer and/or rubber
that deforms in response to an activation signal {e.g., an electrostatic force). The EAP 108 may
include, for example, silicone elastomers, acrylic elastorners, polyurethanes, thermoplastic
elastomers, copolymers including polyvinylidene fluoride (PVDF), pressure-sensitive adhesives,
fluoroelastomers, and/or polymers comprising silicone and acrvlic moieties {(e.g., copolymers
including silicone and acrvlic moieties, polymer blends including a silicone elastomer and an

acrylic elastomer}.
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{0032] In some instances, a pressure of about 180 — 220 mm HG (or 3.5 — 4.25 pounds per
square inch (psi)) 13 needed to provide proper construction around the limb of the user. The
force equation of an EAP is Si=pr, where 5 is the strength or force capacity of the EAP material,
? 1s the thickness of the EAP material, p is the force generated by the EAP material, and 7 is the
radius of the EAP. In some examples, the force capacity S of the EAP may range from about 0.1
- 3 mega pascal (Mpa) {or 14.5 - 43Spsi}). A typical wrist radius 7 is about | inch. Therefore, as
an exaruple, using a force generated p of 4.25 psi (the force needed to constrict blood flow), a
radius 7 of 1 inch, and an EAP having a force capacity 5 of 200 psi, the thickness 7 is about 0.02
inches (or 0.54 mullimeters (mm)}). Thus, if the EAP 108 has a force capacity of 200 pst, a
thickness of 0.02 inches and a radius of 1 inch, the EAP 108 generates a force of about 4.25 psi,
which is sufficient force to constrict blood flow in the limb of the user. In other examples, the
force capacity S, the thickness 7, the forced generated p, and the radius » may be different,
depending on the desired parameters. For example, the thickness t of the EAP 108 and/or the
force capacity S may be increased to increase the force generated p. In some examples, the EAP
108 generates twice the pressure required o constrict the limb of the user. Additionally, in some
examples, the width of the band 102 can be sized to provide the required force density.

18033] Referring back to FIG. 1, the electronics unit 104 of the example BP apparatus 100
includes a power source 114 (e.g., a battery), a transceiver 116, a database 118 and a blood
pressure controlier 120 to determine a biood pressure of the user. In the iHlustrated example, the
blood pressure controller 120 includes an EAP controller 122, which includes a voltage
applicator 124 and a pulse detector 126 (e.g., a pulse sensor), a blood pressure calculator 128, a
display interface 130, a calibrator 132 and a filter 134, The EAP controller 122 controls the EAP
108 to activate (e.g., deform} the EAP 108 or deactivate the EAP 108, In particular, the voltage
applicator 124 applies an activation signal, in the form of a voltage or current, to the EAP 108 to
activate the EAP 108 and change the shape of the EAP 108, The more voltage applied to the
EAP 108, the more the EAP 108 is distorted, thereby causing more restriction on the limb of the
user. Once activated to a desired shape that constricts blood tlow, the voltage applicator 124
decreases the voltage {e.g., at a relatively slow rate) to allow blood flow through the limb of the
user. While the voltage applicator 124 decreases the voltage (e.g., reducing the activation
signal}, the pulse detector 126 detects or measures pressure pulses or cscillations generated by

the tlow of blood through the artery. In particular, the EAP 108 acts as a sensor and may be used
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to detect pressure changes of the limb acting back on the EAP 108. When force or pressure is
applied to the EAP 108, the force generates a capacitance change in the EAP 108, which is
detected by the pulse detector 126, as disclosed in further detail herein.

{0034] The blood pressure calculator 128 determines the blood pressure value (e.g., the ratio of
systolic to diastolic pressure)} based on the voltage applied by the voltage applicator 124, which
corresponds to a pressure applied to the limb, and the pulse(s) detected by the pulse detector 126
In other words, the voltage applied to the EAP 108 equates to a specific pressure applied on the
limb, and when pulses in the blood are sensed by the pulse detector 126, the pressure applied by
the EAP 108 can be correlated to a corresponding blood pressure. Thus, the systolic pressure
and the diastolic pressure {and/or any other phases of pressure} can be identified. In some
examples, the blood pressure measurement is stored in the database 118,

{8035} The display interface 130 controls the information displayed on the display 1066, The
display interface 130 causes the display 106 to present the blood pressure determined by the
blood pressure calculator 128. In some examples, the display 106 receives tnput from a user.
For example, a user may select to determine his/her blood pressure. Once requested, the EAP
controtler 122 and the blood pressure calculator 128 determine the blood pressure as described
herein. Additionally or alternatively, the determined blood pressure {and/or any of the other
data) may be transmitted via the transceiver 116 to another electronic device, such as a smart
phone, a computer, etc. The transceiver 116 may be, for example, a Bluetooth® transceiver. In
some examples, the transceiver 116 receives a blood pressure request from the other electronic
device. For example, a user may request a blood pressure reading via his/her phone, which
transmits the request to the BP apparatus 100.

{0036] In some examples, the display 106 presents other information and/or includes other
features (sometimes referred to as complications). The display 106 can display other health or
fitness related information, for example. In some examples, the BP apparatus 100 is considered
a wrist watch and can be worn on the wrist of the user. The display 106 may be a display of a
digital watch or smart watch. In other examples, the band 102 can be wider or smaller and be
worn on another part of the arm, the leg, the neck and/or another body part. In the tlusirated
example, the band 102 forms a continuous loop. In other examples, the band 102 includes a
break and includes a fastener or lock to couple two sections of the band 102, similar to a watch

band.
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{0037} A cross-section of a portion of the example EAP 108 is illustrated in FIG. 3. In general,
the EAP 108 is a flexible capacitor that is a composite construction of a thin elastomer such as
siltcone, an electrode such as exfoliated graphite compounded with stlicone, and a dielectric
insulator such as silicone, mylar, etc. In the illustrated example, the EAP 108 includes a first
charge plate 300 {e.g., an electrode}, a second charge plate 302, a dielectric 304 between the first
and second charge plates 300, 302, a first insulation layer 306 on one side and a second
insulation layer 308 on the opposite side. The arrangement of the matenals creates a capacitor
with an inner dielectric, a charge plate on each side of the dielectric, and an insulator on the cuter
sides of the charge plates. The first and/or second charge plates 300, 302 may be constructed of,
for example, graphite silicone, an exfoliated graphite compounded with silicone, silicone and a
conducting medium {(e.g., carbon) and/or any other suitable electrode material. The dielectric
304 may be constructed of, for example, silicone, an amorphous polymer and/or other suitable
dielectric. The insulator may be constructed of, for example, silicone, polydimethyisitoxane
{PDMSY and/or any other suitable 1usulator material.

{0038} In some examples, the thickness of the EAP 108 is about 500 micrometers (um). In other
examples, the thickness of the EAP roay be smaller or larger. In some examples, depending on
the layering, the EAP 108 is highly flexible. In some examples, the first and second insulation
layers 306, 308 correspond to the material of the band 102 (FIG. 1). In other words, the first and
second charge plates 300, 302 and the dielectric 304 may be embedded (e g., molded into) the
material {e.g, silicone) of the band 102 In other exaraples, the EAP 108, including the first and
second tnsulation layers 306, 308, may be coupled the inner surface 110 of the band 102 or
embedded in the material of the band 102

{603%] When a voltage (e.g, an activation signal} is applied to the first and second charge plates
300, 302, the first and second charge plates 300, 302 move relative to each other, thereby
creating a force that morphs the shape of the EAP 108, In particular, when a voltage is applied
to the EAP 108, the first and second charge plates 300, 302 move toward each other, which
morphs the EAP 108 and causes the EAP 108 to flex radially inward to the constricting state
(FIG. 2B). When a strength of the voltage is reduced, the first and second charge plates 300, 302
move away from each other, such that the shape of the EAP 108 morphs back to the non-
counstricting state (FIG. 2A). Additionally, the EAP 108 acts as a sensor to sense or detect forces

applied to the EAP 108, In particular, when an external force is applied to the EAP 108 that
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changes the shape of the EAP 108, a change in voltage or capacitance is generated. The
capacitance in the EAP 108 is a tunction of the area of the charge plates 300, 302 (e.g., the
electrode area), the voltage in the charge plates 300, 302 {e.g., the electrode charge), a distance d
(FIG. 3) between the charge plates 300, 302, and the permittivity of the volume between the
charge plates 300, 302, When a force is exerted on the EAP 108, the area of the first charge
plate 300 and/or the second charge plate 302 deforms and the distance d changes, thereby
changing the capacitance of the EAP 108. This change in capacitance is sensed or detected by
the pulse detector 126. Therefore, the reactive force {e.g., a pulse} of the blood flow acting on
the EAP 108 produces a capacitance change, which can be seused by the pulse detector 126, In
some examples, the first insulation fayer 300 is the inner laver that faces the opening 103 (FIG.
1) where the limb of the user is disposed, and the second insulation layer 308 1s the outer layer
that faces the inner surface 110 of the band 102 (FIG. 1). In some examples, the second
insulation layer 308 is relatively rigid, which moderates the shape factor imparting a load on the
EAP 108,

{0048 Further, the direction of the force applied to the EAP 108 and the resulting shape change
affects the resultant capacitance. In other words, a force of the same magnitude applied in
different directions may produce ditferent capacitance changes. FIG. 4 illustrates example force
vectors that cause a change 1o capacitance in the EAP 108 Although the force magnitudes may
be the same, the resultant capacitance may be different. As such, the EAP 108 may not only be
used to detect a force applied to the EAP 108, but also a direction of the force applied to the EAP
108. In some examples, prior to using the BP apparatus 100, the EAP 108 may be tested or
calibrated by applying various amounts of force in various direction to the EAP 108, Each
combination of force and direction generates a unique force signature, which may be stored in
the database 118 (FIG. 1), for example. A sensed change in capacitance can be compared to the
force signatures to determine the amount of force and/or direction being applied to the EAP 108.
{8041} In some examples, the EAP 108 is constructed of a plurality of individual EAP cells {e g,
a matrix of EAP cells). Therefore, different forces can be detected by different ones of the EAP
cells. As a result, the pulse detector 126 can detect a variation in capacitance of neighboring
regions and determine the magnitude, the direction and/or the location of the force. In some
examples, the EAP cells are orientated in the same direction and arranged along a common

plane. In other examples, one or more of the EAP cells may be orientated differently {e.g.
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perpendicular to a neighboring EAP cell), which may enhance the ability to detect the direction
in which the force is applied. As mentioned above, the type of loading (direction and/or shape
deformation characteristics) can be calibrated, patterned, and sensed for intelligent interpretation
of the force signatures, vielding greater usability.

{0042] In some examples, the BP apparatus 100 calibrates tiself based on resistance drift, which
is a change in the resistivity of the first and second charge plates 300, 302 {e.g., electrode
resistivity). Resistance drift occurs as a function of cycle count (e.g., in the millions) of fatigue
cycles, water (H2O) content, and temperature change. The calibrator 132 measures the resistance
of the EAP 108 and uses any change in resistance to adjust the capacitance measurements. In
other words, the EAP 108 can be calibrated as changes in the plate resistivity occur. In some
examples, the resistivity is sensed stmultaneously with the dynamic capacitance change while the
EAP 108 is physically distorted. Because the resistivity changes corresponding to the type of
deformation, the resistivity can be used to determine if the capacitance changed due to
compressive or tensile deformation of the sensor.

{0043} In some examples, in addition to or as an alternative to detecting blood flow pulses with
the EAP 108, one or more sensors are provided to detect blood flow in the limb of the user. For
example, in the illustrated example of FIG. 1, a microphone 132 is disposed on the inner surface
116G of the band 102, When the band 102 is worn on the lirab of the user, the microphone 132 is
in contact {or relatively close) to the skin of the user and can detect the Korotkoff sounds. The
blood pressure calculator 128 may determine the blood pressure based on the voltage applied by
the voltage applicator 124 and the timing of the sounds detected by the microphone 132, In other
examples, other types of sensors may be employed. For example, an infrared (IR) sensor may be
used to detect blood flow based on temperature changes. In other examples, the sensor may be
disposed in other locations. Thus, the example BP apparatus 100 may be used to determine
blood pressure using the Korotkoff technique and/or the oscillatory technique.

18044] In some examples, the filter 134 (FIG. 1) filters signals from the capacitance change that
are vot associated with the desired pulses. For instance, it a user moves his/her arm or flexes
his/her arm, the force from the user’s arm may generate a capacitance change in the EAP 108
that could inadvertently distort the blood pressure calculation. The filter 134 recognizes the
signal profile of such a movement and removes the undestred signal(s). For example, a signal

generated by a flexing of the arm may have a particular shape (e.g., a large rise over a long
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period of time} and/or may occur at a different frequency (e.g., | per second) than signals
generated by the pulse (e.g.. 10 per second). In some examples, the filter 134 decomposes the
overall signal into the individual signals, maps and compares the signatures of those signals to an
expected pulse signature {(e.g., a range or threshold) and removes any signal(s) (e.g., extraneous
data) outside of the bounds or limits of the expected pulse signature. In some examples, if an
arm flexing or movement is detected in the signal (which may result in an increased pressure on
the arro because of the arm enlarging), the EAP controller 122 reduces the activation signal to
the EAP 108 to result in the desired pressure on the arm.

{0045] In the illustrated example of FIGS . 1, 2A and 2B, the EAP 108 1s disposed in a
continuous loop around the inner surface 110 of the band 102, In other examiples, the EAP 108
may be separated into one or more smaller portions distributed around the inner surface 110 of
the band 102. Additionally or alternatively, the EAP 108 may form one or more segments of the
band 102. For example, FIGS. 5A and 5B illustrate an example construction in which three EAP
portions 500a, 500b, 500¢ form individual parts {e.g., chain links, segments, etc ) of the band
102. FIG. 5A shows the EAP portions 500a, 500b, 500¢ in a non-constricting state, and FIG. 5B
shows the EAP portions 500a, SO0b, 500c¢ in the constricting state. Stmilar to the operation of
the EAP 108 in FIGS. 2A and 2B, when the EAP portions 500a, 500b, 500¢ are activated, the
EAP portions 500a, S00b, 500c¢ deform and decrease an inner diameter of the band 102, thereby
restricting blood flow through the limb of the user.

{0046] FIG. 6 illustrates another example BP apparatus 600 constructed in accordance with the
teachings of this disclosure. Similar to the BP apparatus 100 (FIG. 1), the BP apparatus 600
includes a band 602 (forming an opening 603} to be worn on a body part or lirab of a user, an
electronics unit 604 and a display 606 coupled to the band 602, and an active material to provide
constricting force to the limb of the user. In the BP apparatus 600 of FIG. 6, the active material
is implemented using an SMA. In particular, in the illustrated example, an SMA wire 608a (e.g,,
an SMA ring} is coupled to the band 602. In the illustrated example, the SMA wire 608a forms a
complete or continuous loop around an inner surface 610 of the band 602. When an activation
signal 1s applied to the SMA wire 608a, the SMA wire 608a changes shape. In particular, the
SMA wire 608a changes between a non-constricting state and a constricting state. FIG 7A
shows the band 602 of the BP apparatus 600 when the SMA wire 608a is in the non-constricting

state, and FIG. 7B shows the band 102 of the BP apparatus 600 when the SMA wire 608a 1s in
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the constricting state. In the illustrated example, the band 602 is relatively flexible. As
illustrated in the constricting state of FI1G. 7B, the shape of the SMA wire 608a 1s changed such
that the diameter or circumference of the band 602 and the SMA wire 608a is reduced, which
enables the band 602 and the SMA wire 608a to restrict blood flow in the limb of the user.
When the activation signal is reduced, the SMA wire 608a returns to the non-constricting state,
as illustrated in FIG. 7C.
{8047] In the illustrated example of FIG. 6, multiple SMA wires are employed. In particular,
five SMA wires are employed: a first SMA wire 608a, a second SMA wire 608b, a third SMA
wire 608¢, a fourth SMA wire 608d, and a fifth SMA wire 608¢. The second, third, fourth and
fitth SMA wires 608b-608e operate substantially the same as the first SMA wire 608 described
above. In other examples, more or fewer SMA wires may be implemented. The SMAs wires
608a-608e tnclude an inner SMA material and an outer layer of insulation. The SMA material
may include a nickel-titanium based alloy, an indium-titanium based alloy, a nickel-aluminum
based alloy, a nickel-gallium based alloy, a copper based alloy {e.g., a copper-zinc alloy, a
copper-aluminum alloy, copper-gold, and copper-tin alloys), a gold-cadmium based alloy, a
silver-cadmium based alloy, an indivm-cadmium based alloy, a manganese-copper based alloy,
an iron-platinum based alloy and/or an iron-palladium based alloy. In some examples,
employing multiple smaller SMA wires, as opposed to one larger SMA wire, reduces the energy
consumption, thus making the BP apparatus 600 more energy efficient.
{0048} Below is an example calculation to determine a diameter of an SMA wire to that
produces a force of 4 25psi for constricting the blood flow of a user. Assume, for example, a
wrist diameter, WristDiameter, of 190mm and a band diameter (e.g., the diameter of the band
6023, Bandp, of 40mm, then an area of an SMA wire, Bands (in square meters (m?)), can be
calculated using Equation 1:

Band, = WristDiameter - Band, = 0.008m* Eguation 1
{8049] With Bands known, the force on the wrist, Wrist#orce (in Newtons {(N}}, can be
calculated using Equation 2:

WristForce = 4.25psi - Band, = 222701 N Equation 2
[0050] The WristForce can be divided by gravity (9.80665m/s%) to give a mass of 22.709
kilograms (kg). Assuming, the SMA wire has a stratn, SMd spain, of 0.01 (mm/mm or in/in}, then

the stress generated by the SMA wire, SMAswessGeneration, can be calculated using Equation 3:
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. . PullForce mg-g i g ' n
SMAstressconeration = — = e = 1355 - 10° Pa Equation 3
GlGtywireArea w5 e

18051] Totalyireares 1s the total area of the SMA wire, and PuflForce is the maximum pulling
force for a given wire diameter. For example, with a wire diameter of 0.0011n, a force of Tmg
{gram-force) can be generated. The 7mg is multiplied by gravity (g} for unit conversion.

Solving for the Yotalwiredrea gives Equation 4:

WristForce

= 1.644 + 107*m? Equation 4

Totaly e prea =
Wirearea SMAgtressGeneration

{0052] The Totalwirearen from Equation 3 can be inserted into Equation 4 to solve for the

WireDiameter as shown 1o Equation 5

,I WristForce

, . SMAgrr oo omornet . .
WireDiameter = 2 | M Aseressoeneration 0.057in Equation 5
" ,

{0053] Therefore, a WireDiameter of 0.057in produces a force of 4 25psi. The WireDiameter
can correspond to a single SMA wire, or can be scaled {based on area) into a plurality of SMA
wires. Therefore, a plurality of smalier SMA wires {e.g., the SMA wires 608a-608¢) with an
equivalent diameter of 0.057in can be utilized to generate the same force.

18054] To detect the blood flow in the imb while the SMA wires 608a-608e transition between
the constricting state and the non-constricting state, the BP apparatus 600 includes a sensor. In
the illustrated example, the sensor is implemented as a microphone 612, The microphone 612
detects the Korotkoff sounds indicative of blood flow. In other examples, other types of sensors
may be implemented, such an infrared (IR) sensor that detects the temperature of the blood, an
EAP (e.g., similar to the EAP 108 disclosed above), etc. For instance, an EAP may be coupled
to the band 602 to detect forces (e.g., via a change in capacitance) imparted by the lirob of the
user on the band 602. In the illustrated example, the microphone 612 is disposed on the inner
surface 610 of the band 102 near a side or bottom of the band 602, In other exaruples, the
microphone 612 may be disposed in other locations along the band 602.

{0055] In the illustrated example of FIG. 6, the electronics unit 604 includes a power source 614
{e.g., a battery), a transceiver 616, a database 618 and a blood pressure controller 620 to
determine a blood pressure of the user. In the illustrated example, the blood pressure controller
620 includes an SMA controller 622, a blood pressure calculator 624, a display interface 626,
The SMA controller 622 controls the SMA wires 608a-008e to activate (e.g., deform) the SMA

wires 608a-608¢ or deactivate {e.g., release) the SMA wires. In particular, the SMA controller
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622 applies an activation signal to the SMA wires 608a-608¢, which may be in the form of a
voltage or heat, thereby causing the SMA wires 608a-608e to deform to the constricting state.
The SMA wires 608a-608e have a trained or memorized shape or position, which is the shape of
the constricting state (FIG. 7B}, As heat or voltage is applied the SMA wires 608a-608, the
SMA wires 608a-608e transition to the trained shape. In some examples, once the SMA wires
608a-608¢ reach the trained shape, applving more voltage or heat does not further change the
shape.

18056] Once activated to the constricting state {e.g., FIG. 7b}, the SMA controlier 622 reduces
the voltage or heat applied to the SMA wires 608a-608¢, which enables the SMA wires 608a-
608¢ to expand back to the non-constricting state (e.g., 7C) and reduce pressure on the limb of
the user. While the SMA wires 608a-608e transition back to the non-constricting state, the
microphone 612 detects the sounds of the blood flow through the artery. The blood pressure
calculator 624 calculates the blood pressure value {e.g., the systolic and diastolic pressures)
based on the corresponding voltage or heat applied by the SMA controller 622, which
corresponds to a pressure applied to the limb, and the sounds detected by the microphone 612.
In some exaroples, the blood pressure measurement is stored 1o the database 618. The display
interface 0626 and the transceiver 616 are substantially the same as the display interface 130 and
the transceiver 116, respectively, of the exaraple BP apparatus 100 of FIG. 1. Thus, to avotd
redundancy, a description of the display interface 626 and the transceiver 6106 are not provided
herein. Similar to the example BP apparatus 100 of FIG. 1, the example BP apparatus 600 may
be constdered a wrist watch and can be worn on the wrist of the user, or, in other examples, the
band 602 can be wider or smaller and be worn on another part of the body (e.g., the upper arm,
the leg, etc.).

{6057} In general, SMAs can have different types of memory effects. Two common memory
etfects are the one-way memory effect and two-way memory effect. When a one-way memory
effect SMA 1s bent or stretched, the SMA remains in the bent shape until activated (e.g., heated).
Upon activating, the one-way SMA changes back to its trained or memorized shape. When the
one~-way memory effect SMA is deactivated (e.g., cooled), the SMA remains in the memorized
shape. A two-way SMA, on the other hand, remembers two different shapes: one at a relatively
high temperature and one at a relatively low temperature. Therefore, when activated (e.g.,

heated), the two-way memory effect SMA bends or detorms from a first shape to a second shape,
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and when deactivated (e.g., cooled), the two-way SMA bends or deforms back to the first shape.
The SMA wire of the tllustrated example may be implemented as either a one-way SMA ora
two-way SMA.

{0058] In some examples, when the SMA wires 608a-608e¢ are implemented as one-way SMAs,
one or mote returning members are utilized to bring the SMA wires 608a-608e back to the non-
constricting position. For example, the example BP apparatus 600 of FIG. 6 includes a first
spring 626 and a second spring 628 coupled to the inuner surface 610 of the band 102, T the
illustrated example, the first spring is disposed between the first and second SMA wires 608a,
608b and the second spring 628 is disposed between the fourth and fifth SMA wires 6084, 603e.
In other examples, the first and second springs 626, 628 and the SMA wires 608a-608¢ may be
arranged differently. In the illustrated example, the first and second springs 626, 628 are
implemented as steel rings. In other examples, other types of springs may be implemented. The
first and second springs 626, 628 provide a return-biasing force. As the activation signal (e.g,
heat) is reduced, the force of the first and second springs 626, 628 force the band 102 and, thus,
the SMA wires 608a-608e radially cutwards to the non-constricting state. In other examples, no
springs are used. In some instances, for example, the skin elasticity on the user’s limnb may be
sufficient to force the band 102 (and, thus, the SMA wires 608a-608e) outward to non-
constricting state,

{0059 If the SMA wire is implemented as a two-way SMA, one of the memorized shapes may
correspond to the shape in the non-constricting state {e.g., FIG. 7A) and the other memorized
shaped may correspond to the shape in the constricting state {e.g., FI(3. 7B}, Therefore, when the
SMA wires 608a-608e are activated, the SMA wires 608a-608¢ transition to the smaller
constricting state, and when the SMA wires 6083-608¢ are deactivated {(e.g., the voltage or heat
is taken away), the SMA wires 608a-608e transition back to the wider non-constricting state.
Depending on the amount of activation (e.g., the amount of heat), the SMA wires 608 can be
deformed to any shape between the two memorized shapes.

[6060] FIG. 8 illustrates another example blood pressure (BP) apparatus 800, The example BP
apparatus 800 is incorporated into an article of clothing that is worn by a user. In particular, in
the illustrated example, the BP apparatus 800 1s incorporated into a long-steeved shirt 802.
{8061] Similar to the BP apparatus 100 and 600, the example BP apparatus 800 includes an

active material to apply a constrictive force around a limab of a user. In the illustrated example,
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the active material is implemented as an EAP band 804. The EAP band 804 may be substantially
the same at the EAP 108 illustrated in FIGS. 1 and 4. Similar to the EAP 108, the EAP band 804
may be formed of a monolithic EAP structure (e.g., on continuous EAP structure) or multiple
EAP cells. In the tllustrated example of FIG. 8, the EAP band 804 is disposed 1n the fabric of the
shirt 802 at or near a wrist section 806 of the shirt 802. To power and control the EAP band 804,
the BP apparatus 800 includes an electronics unit 808, In some examples, the electronics unit
308 1s disposed in the fabric of the shirt 802 adjacent the EAP band 804 and connected to the
EAP band 804 via a wire. In other examples, the electronics unit 808 is embedded in the EAP
band 804 The electronics unit 808 includes a power source 810 {e.g., a battery), an EAP
controtler 812, which includes a voltage applicator 814 and a pulse detector 816, and a
transceiver 818. The EAP controller 812 operates substantially the same as the EAP controller
122 of the BP apparatus 100 of FIG. 1.

{0062] The EAP controller 812 may activate the EAP band 804 based on a blood pressure
request from an electronic device 820, and received by the transcetver 818, The electronic
device 820 may be a smart phone, a computer, a watch, or any other electronic device capable of
transmitiing a signal. For example, a user may request a blood pressure measurement via the
electronic device 820. The electronic device 820 transmits the request, via a transceiver 822, to
the transceiver §18. The EAP controller 812 activates the EAP band 804 to constrict blood flow
in the user’s limb and senses pulses when the blood flow is released. The EAP information (e g,
the voltage applied to the EAP band 804, the pulse(s) detected by the pulse detector 816, etc ) is
transmitted by the transceiver 818 to the electronics device 820, In the illustrated example, the
electronics device 820 includes a blood pressure calculator 824 that determines the blood
pressure measurement (the ratio of systolic to diastolic pressure) based on the received
information. The blood pressure calculator 824 operates substantially the same as the blood
pressure calculator 128 of the BP apparatus 100 of FIG. 1. The electronic device 820 also
includes a display interface 826 that may cause a display of the electronic device 820 to present
the measured blood pressure to the user. In other exarmples, the blood pressure calculator §24
may be incorporated into the electronics unit 808. The electronics unit 808 and/or the electronic
device 820 may include a calibrator and/or a filter, similar to the calibrator 132 and filter 134 of

FIG. 1
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{0063} In the iHlustrated example of FIG. &, the EAP band 804 and the electronics unit 808 are
disposed between the 1nside and outside layers of fabric of the shirt {e.g., sewn into the sleeve of
the shirt). However, 1n other examples, the EAP band 804 and/or the electronics unit 808 may be
coupled to an inside of the shirt 802, coupled to the outside of the shirt 802 or coupled to an end
of the sleeve of the shirt 802, Additionally, the EAP band 804 may be disposed in other
locations of the shirt 802. For example, FIG. 9 iHlustrates the BP apparatus 800 incorporated into
an upper arma section 900 of the shirt 802, such that the EAP band 804 constricts around an upper
arm of a user wearing the shirt 802, Similar to the arrangement in FIG. 8, the electronics unit
808 may be coupled to the shirt 802 adjacent the EAP band 804. Further, the BP apparatus 800
may be incorporated into other types of clothing. For example, as illustrated in FIG. 10, the BP
apparatus 800 is incorporated into a short-sleeved shirt 1000, In the illustrated example of FIG.
10, the EAP band 804 is disposed at or near an end of a sleeve 1002 so that the EAP band 804 is
positioned around an upper arm of a user when the shirt 1000 is worn by the user. Simtlar to the
arrangement in FIG. 8, the electronics unit 808 may be coupled to the shirt 1000 adjacent the
EAP band 804.

{0064] In the Ulustrated examples of FIGS. 8, 9 and 10, the active element 1s implemented as the
EAP band 804. However, in other examples, the active element may be one or more SMA wires,
similar to the SMA wires 608a-608e of the BP apparatus 600 of FIG. 6. In some such examples,
one or more springs (e.g., similar to the first and second springs 626, 628) are also employed to
provide a return force.

{8065} While in the iHustrated examples of FIG. 1, 6 and &, an activation signal ts applied to the
active material {e.g., the EAP 108, the SMA wires 608a-608¢) to morph the active from the non-
constricting state {e.g., FI(z. 2A} to the constricting state (e.g., FIG. 2B), in other examples, the
active material may be designed to operate in reverse. For example, the active material may be
designed such that applying an activation signal to the active material moves the active material
outward to the non-constricting state {e.g., F1G. 2A). In such an example, an activation signal is
continuously applied to the active material to hold the active material in the non-constricting
state {e.g., FIG. ZA). When blood pressure is to be determined, the activation signal can be
stopped, thereby enabling the active material to morph to the constricting state (e g., FIG. ZB) to

cutoft blood flow in the limb of the user. Then, to reduce pressure on the limb of the user, the
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activation signal can slowly be applied again, which causes the active material to morph to the
non-constricting state.

{8066] While example manners of implementing the BP apparatus 100, 600 and 800 are
illustrated in FIGS. 1, 6 and §, one or more of the elements, processes and/or devices iHlustrated
in FIGS. 1, 6 and 8 may be combined, divided, re-arranged, omitted, eliminated and/or
implemented in any other way. Further, the example power source 114, the example transceiver
116, the example database 118, the example blood pressure controller 120, the example EAP
controtler 122, the example voltage applicator 124, the example pulse detector 126, the example
blood pressure calculator 128, the example display interface 130, the example calibrator 132, the
example filter 134 and/or, more generally, the example electronics unit 104 of FIG. 1; the
example power source 614, the example transceiver 616, the example database 618, the example
blood pressure controller 620, the example SMA controller 622, the example blood pressure
calculator 624, the example display interface 626 and/or, more generally, the example electronics
unit 604 of FIG. 6; and/or the example power source 810, the example EAP controller 812, the
example voltage applicator 814, the example pulse detector 816, the example transceiver 818, the
transceiver 822, the example blood pressure calculator 824, the example display interface 826
and/or, more generally, the example electronics unit 808 and the example electronic device 820
of FIG. & may be implernented by hardware, software, firmware and/or any combination of
hardware, software and/or firmware. Thus, for example, any of the example power source 114,
the example transceiver 116, the example database 118, the example blood pressure controller
120, the example EAP controller 122, the example voltage applicator 124, the example pulse
detector 126, the example blood pressure calculator 128, the example display interface 130, the
example calibrator 132, the example filter 134 and/or, more generally, the example electronics
unit 104 of FIG. 1; the example power socurce 614, the example transceiver 616, the example
database 618, the example blood pressure controller 620, the example SMA controller 622, the
example blood pressure calculator 624, the example display interface 626 and/or, more
generally, the example electronics unit 604 of FIG. 6; and/or the example power source 8§10, the
exampie EAP controller 812, the example voltage applicator 814, the example pulse detector
816, the example transceiver 818, the transceiver 822, the example blood pressure calculator
824, the example display interface 826 and/or, more generally, the example electronics unit 808

and the example electronic device 820 of FIG. 8 could be implemented by one or more analog or
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digital circuit(s), logic circuits, programmable processor(s}, application specific integrated
circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s)) and/or field programmable logic
device{s) (FPLD(s)). When reading any of the apparatus or system claims of this patent to cover
a purely software and/or firmware implementation, at least one of the example power source 114,
the example transceiver 116, the example database 118, the example blood pressure controller
120, the example EAP controlier 122, the example voltage applicator 124, the example pulse
detector 126, the example blood pressure calculator 128, the example display interface 130, the
example calibrator 132, the example filter 134, the example power source 614, the example
transceiver 616, the example database 618, the example blood pressure controller 620, the
example SMA controller 622, the example blood pressure calculator 624, the example display
interface 626, the example power source 810, the example EAP controller 812, the example
voltage applicator 814, the example pulse detector 816, the example transceiver 818, the
transceiver 822, the example blood pressure calculator 824 and/or the example display interface
826 is/are hereby expressly defined to include a tangible computer readable storage device or
storage disk such as a memory, a digital versatile disk (DVD), a compact disk (CD), a Blu-ray
disk, etc. storing the software and/or firmware. Further still, the example BP apparatus 100, 600
and 800 of FIGS. 1, 6 and & may include one or more elements, processes and/or devices in
addition to, or instead of, those illustrated 1n FIGS. 1, 6 and 8, and/or may nclude more than one
of any or all of the illustrated elements, processes and devices.

{0067} A flowchart representative of example machine readable instructions for implementing
the BP apparatus 100, 600 and 800 ts shown in FIG. 11, In this example, the machine readable
instructions comprise a program for execution by a processor such as the processor 1212 shown
in the example processor platform 1200 discussed below tn connection with FIG. 12, The
program may be embodied in software stored on a tangible computer readable storage medium
such as a CD-ROM, a floppy disk, a hard drive, a digital versatile disk (DVD), a Blu-ray disk, or
a memory associated with the processor 1212, but the entire program and/or parts thereof could
alternatively be executed by a device other than the processor 1212 and/or embodied in firmoware
or dedicated hardware. Further, although the example program is described with reference to the
flowchart illustrated in FIG. 11, many other methods of implementing the example BP apparatus
100, 600 and 8OO may alternatively be used. For example, the order of execution of the blocks

may be changed, and/or some of the blocks described may be changed, eliminated, or combined.
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{0068] As mentioned above, the example process of FIG. 11 may be implemented using coded
instructions {e.g., computer and/or machine readable instructions) stored on a tangible computer
readable storage medium such as a hard disk drive, a flash memory, a read-only memory (ROM),
a compact disk (CD), a digital versatile disk {DVD), a cache, a random-access memory (RAM)
and/or any other storage device or storage disk tn which information is stored for anvy duration
{e.g., for extended time periods, permanently, for brief instances, for temporarily butfering,
and/or for caching of the information). As used herein, the term tangible computer readable
storage medium is expressly defined to include any type of computer readable storage device
and/or storage disk and to exclude propagating signals and to exclude transroission media. As
used herein, "tangible computer readable storage medium” and "tangible machine readable
storage medium” are used interchangeably. Additionally or alternatively, the example process of
FIG. 11 may be implemented using coded instructions {e.g., computer and/or machine readable
instructions) stored on a non-transitory computer and/or machine readable medium such as a
hard disk drive, a flash memory, a read-only memory, a compact disk, a digital versatiie disk, a
cache, a random-access memory and/or any other storage device or storage disk in which
inforration is stored for any duration {e.g., for extended tirne periods, permanently, for brief
instances, for temporarily buffering, and/or for caching of the information). As used herein, the
terro non-transitory computer readable medium is expressly defined to include any type of
computer readable storage device and/or storage disk and to exclude propagating signals and to
exclude transmission media. As used herein, when the phrase "at least” is used as the transition
term in a preamble of a claim, 1t 1s open-ended in the same manner as the term "comprising” is
open ended.

{0069] FIG. 11 is a flowchart representative of an example method that may be implemented by
any of the BP apparatus 100, 600 or 800 to determine a blood pressure of a user. At block 1102,
the example method 1100 includes applying an activation signal to an active matenial to constrict
blood flow in a limb of a user {g.g., in an artery in the limb of the user). Applying an activation
signal may include, for example, heating the active matenial or applying a voltage to the active
material. For example, in regards to the BP apparatus 100 (FIG. 1), the voltage applicator 124 of
the controller 120 applies a voltage (e.g., an activation signal} to the EAP 108, thereby causing
the EAP 108 to change shape between the non-consiricting state (FIG. 2A) and the constricting

state (FIG. 2B) to constrict blood flow in the limb of the user. In regards to the BP apparatus 800

-2 -



WO 2018/063473 PCT/US2017/042116

{F1G. 8), the voltage applicator 814 of the EAP controller 812 similarly applies a voltage to the
EAP band 804, In regards to the BP apparatus 600 (FIG. 6), the SMA controller 622 of the
controtler 620 applies a voltage or heat (e.g., an activation signal} to the SMA wires 6083-608¢
to cause the SMA wires 608a-608e¢ to change shape between the non-constricting state (FIG. 7A)
and the constricting state (FIG. 7B) to constrict blood flow in the limb.

{6070} At block 1104, the example method 1100 includes determining whether blood flow is
constricted (e.g., cutoff, stopped) in the limb of the user. In regards to the BP apparatus 100
(FIG. 1), for example, the pulse detector 126 may detect whether blood is flowing through the
Himb (e.g., based on a capacitance change in the EAP 108). Tn regards to the BP apparatus 800
{(F1G. 8), the pulse detector 816 may simtilarly be used to detect whether blood is flowing through
the limb. In regards to the BP apparatus 600 (FIG. 6), the microphone 612 may detect whether
blood is flowing. If blood is still flowing, the example method 1100 includes continuing to apply
the activation signal {(block 1102} {e.g , by increasing a strength of the signal) to the active
material until blood flow is constricted.

{6071} If blood flow is constricted (determined at block 1104), the example method 1100 at
block 1106 includes reducing the activation signal applied to the active material to allow blood
flow in the limb (e.g., in the artery). In some examples, reducing the activation signal includes
reducing a strength of the activation signal (¢ g, reducing a voltage or voltage amplitude,
reducing heat, etc.). For example, in regards to the BP apparatus 100 (FIG. 1), the voltage
applicator 124 of the controller 120 reduces the voltage or current applied to the EAP 108, which
allows the EAP 108 to change shape back to the non-constricting state (FIG. 2B} and reduce the
pressure applied to the imb. In regards to the BP apparatus 800 (FIG. 8), the voltage applicator
814 may similarly operate to reduce the strength of the voltage applied to the EAP band 804. In
regards to the BP apparatus 600 (FIG. 6), the SMA controller 622 of the controller 620 reduces
the voltage or heat applied to the SMA wires 608a-608e. It the SMA wires 608a-608¢ are one-
way SMAs, one or more returning elements (e.g., the first and second springs 626, 628) may be
implemented to force the SMA wires 608a-608¢ outward to relieve pressure around the limb. If
the SMA wires 608a-608e are two-way SMAs, reducing the strength of the activation signal
{e.g., cooling the SMA wires 608a-608¢} causes the SMA wires 608a-608¢ to change from one
shape to another shape {e.g., the non-constricting state (FIG. 7C)), thereby releasing pressure on

the limb of the user.
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{6072} At block 1108, the example method 1100 includes detecting blood tlow in the limb while
reducing the activation signal. In regards to the BP apparatus 100 (FIG. 1), the EAP 108 may be
used to sense pulses generated by the blood flow {e.g., based on a capacitance change in the EAP
108). The controller 120 may detect blood flow in the limb of the user. For exarple, the pulse
detector 126 detects a change in capacitance ot voltage in the EAP 108 caused by a force from
the blood flow acting on the EAP 108, Sinularly, in the BP apparatus 800 (FIG. 8), the pulse
detector 816 may be used to detect a change in capacitance o the EAP band 804. In regards to
the BP apparatus 600 (FIG. 6), the controller 620 may detect blood flow in the arm of the user
via the microphone 612, which detects the Korotkoft sounds that are indicative of blood flow
phases. In other examples, other types of sensor{s) may be employed to detect blood flow in the
limb of the user.

{6073} At block 1110, the example method 1100 includes calculating the blood pressure
measurement of the user. In regards to the BP apparatus 100 (FIG. 1), the blood pressure
calculator 128 of the controller 120 calculates the blood pressure based on the voltage applied to
the EAP 108 (which 1s indicative of the pressure applied to the limb) and the pulses or
oscillations detected by the pulse detector 126, In regards to the BP apparatus 800 (FIG. B), the
blood pressure calculator 824 similarly calculates the blood pressure measurement. In regards to
the BP apparatus 600 (FIG. 6), the blood pressure calculator 624 of the controller 620 calculates
the blood pressure based on the voltage or heat applied to the SMA wires 608a-608¢ (which 1s
indicative of the pressure applied to the limb) and the timing of the Korotkoft sounds detected by
the microphone 612.

{0074] Atblock 1112, the example method includes outputting the blood pressure measurement.
In some examples, the blood pressure measurement {(e.g., the systolic and diastolic pressures) is
displayed. For example, in regards to the BP apparatus 100 (FIG. 1}, the display interface 130
may cause the blood pressure measurement to be presented on the display 106, In regards to the
BP apparatus 800 (FIG. 8}, the blood pressure measurement may similarly be displayed on a
display of the electronic device 820 via the display interface 826. In regards to the BP apparatus
600 (FIG. 6}, the display interface 026 may similarly cause the blood pressure measurement to
be presented on the display 606. In some examples, outpuiting the determined blood pressure
includes transmitting the blood pressure measurement to an electronic device, such as a smart

phone, a computer, etc. where the blood pressure measurement may be displayed. For example,
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in regards to the BP apparatus 100 (FIG. 1), the transceiver 116 may transmit the blood pressure
measurement and/or other measurements from the voltage applicator 124 and the pulse detector
126 to an electrontc device.

{0075] At block 1114, the example method 1100 includes determining whether to measure the
blood pressure again. In some instances, the blood pressure measurement may be invalid or
contain error. In such an instance, the example method 1100 can performed again. For example,
in regards to the BP apparatus 100 (FIG. 1), the blood pressure calculator 128 may determine
whether the blood pressure value is valid. If not, the example BP apparatus 100 may again
determine the blood pressure of the user. The blood pressure calculator 624 of FIG. 6 and the
blood pressure calculator 824 may make a similar determination. Otherwise, if the blood
pressure 15 not to be determined again, the example method 1100 ends at block 1116,

18076] FIG. 12 1s a block diagram of an example processor platform 1200 capable of executing
the instructions of FIG. 11 to implement the example BP apparatus 100, 600 and 800 of FIGS. 1,
6 and 8. The processor platform 1200 can be, for example, a server, a personal computer, a
mobile device {e.g., a cell phone, a smart phone, a tablet such as an iPad’™), a personal digital
assistant (PDA), an Internet appliance, a DVD player, a CD player, a digital video recorder, a
Blu-ray player, a gaming console, a personal video recorder, a set top box, or any other type of
computing device.

{0077} The processor platform 1200 of the illustrated example includes a processor 1212, The
processor 1212 of the illustrated example includes hardware that may implement one or more of
the example power source 114, the example transceiver 116, the example database 118, the
example blood pressure controller 120, the example EAP controller 122, the example voltage
applicator 124, the example pulse detector 126, the example blood pressure calculator 128, the
example display interface 130, the example calibrator 132, the example filter 134 and/or, more
generally, the example electronics unit 104 of FIG. 1; the example power source 614, the
example transceiver 616, the example database 618, the example blood pressure controller 620,
the example SMA controller 622, the example blood pressure calculator 624, the example
display interface 626 and/or, more generally, the example electronics unit 604 of FIG. 6; and/or
the example power source 810, the example EAP controller 812, the example voltage applicator
814, the example pulse detector 816, the example transceiver 818, the transceiver 822, the

example blood pressure calculator 824, the example display interface 826 and/or, more
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generally, the example electronics unit 808 and the example electronic device 820 of FIG. 8 of
the BP apparatus 100, 600, 800 of FIGS. 1, 6 and 8. For example, the processor 1212 can be
implemented by one or more integrated circuits, logic circuits, microprocessors or controllers
from any desired family or manutacturer.

{6078] The processor 1212 of the illustrated example includes a local memory 1213 {e.g., 3
cache). The processor 1212 of the illustrated example is in communication with a main memory
including a volatile memory 1214 and a non-volatile memory 1216 via a bus 1218, The volatile
memory 1214 may be implemented by Synchronous Dynamic Random Access Memory
(SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS Dynamic Random Access
Memory (RDRAM) and/or any other type of random access memory device. The non-volatile
memory 1216 may be implemented by flash memory and/or any other desired type of memory
device. Access to the main memory 1214, 1216 is controlled by a memory controller.

{0079] The processor platform 1200 of the illustrated example also includes an interface circuit
1220. The interface circutt 1220 may be implemented by any type of interface standard, such as
an Ethernet interface, a universal serial bus (USB), and/or a PCI express interface.

{6080] In the Ylustrated example, one or more input devices 1222 are connected to the interface
circuit 1220, The input device(s) 1222 permit(s} a user to enter data and commands into the
processor 1212, The input device(s) can be implemented by, for example, an audio sensor, a
microphone, a camera (still or video), a keyboard, a button, a mouse, a touchscreen, a track-pad,
a trackball, isopoint and/or a voice recognition system.

{8081} One or more output devices 1224 are also connected to the interface circuit 1220 of the
illustrated example. The output device(s) 1024 can be implemented, tor example, by display
devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED)}, a liquid
crystal display, a cathode ray tube display (CRT), a touchscreen, a tactile cutput device, a printer
and/or speakers). The interface circuit 1220 of the illustrated example, thus, typically includes a
graphics driver card, a graphics driver chip or a graphics driver processor.

{0082] The interface circuit 1220 of the illustrated example also includes a communication
device such as a transmitter, a receiver, a transceiver, a modem and/or network interface card to
facilitate exchange of data with external machines (e.g., computing devices of any kind) via a
network 1226 (e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone line,

coaxial cable, a cellular telephone system, etc ).
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{0083} The processor platform 1200 of the illustrated example also includes one or more mass
storage devices 1228 for storing software and/or data. Examples of such mass storage devices
1228 include floppy disk drives, hard drive disks, compact disk drives, Blu-ray disk drives,
RAID systems, and digital versatile disk (DVD) drives.

{0084] Coded instructions 1232 to implement the method of FIG. 11 may be stored in the mass
storage device 1228, in the volatile memory 1214, in the non-volatile memory 1216, and/oron a
rernovable tangible computer readable storage medium such as a CD or DVD.

{8085] From the foregoing, it will be appreciated that the above disclosed methods,
apparatus/systems and articles of manufacture enable blood pressure to be taken via a relatively
small, lightweight apparatus that may be worn by a user. The example apparatus disclosed
herein are non-pneumatic devices that produce a relatively strong force to cutott blood flow in an
artery of a user. The example apparatus disclosed herein employ an active material to provide a
constricting force. The active material can advantageously be incorporated into a wearable
apparatus, such as a watch, or incorporated into an article of clothing. Thus, the example
apparatus can be worn comfortably by a user for an extended period of time, unlike known blood
pressure devices that are only used when taking blood pressure.

18086] Although certain example methods, apparatus/systems and articles of manufacture have
been disclosed herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus/systems and articles of manufacture fairly
falling within the scope of the claims of this patent.

{6087} Example methods, apparatus/systems and articles of manufacture to constrict blood flow
in a limb of a user and determine blood pressure of the user are disclosed herein. Further
examples and combinations thereof include the following:

{0088] Example 1 is an apparatus to constrict blood flow in a limb of a user, the apparatus
including a band to be worn around the limb of the user; an active material carnied by the band;
and a controller to: (1) apply an activation signal to the active material to constrict blood flow in
the limb, and (2) reduce the activation signal to allow blood flow in the limb.

{6089] Example 2 includes the subject matter of Example 1, wherein the controller is to detect

the blood flow 1n the lirnb while reducing the activation signal.
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{0098} Example 3 includes the subject matter of Example 2, wherein the controller is to
determine a blood pressure of the user based on the detected blood flow and a pressure applied to
the limb by the active maternial.

{0091} Example 4 includes the subject matter of any of Examples 1-3, further including a display
to display the blood pressure determined by the controller.

{6092] Example 5 includes the subject matter of any of Examples 1-4, wherein the active
material forms a continuous loop around an inner surface of the band.

18093] Example ¢ includes the subject matter of any of Examples 1-5, wherein the active
material is an electroactive polymer (EAP),

{0094] Example 7 includes the subject matter of Example 6, wherein the controller is to detect
blood flow in the limb by measuring a change in capacitance of the EAP imparted by a pressure
of the blood flow on the EAP.

{0095] Example 8 includes the subject matter of any of Exaraples 6 or 7, wherein the controller
is 1o reduce the activation signal by reducing a voltage applied to the EAP.

{0096] Example 9 includes the subject matter of any of Examples 6-8, further including a shirt,
the band coupled to a sleeve of the shut.

{8097} Example 10 includes the subject matter of any of Examples 1-5, wherein the active
material is a shape-memory alloy (SMA) wire.

{0098] Example 11 includes the subject matter of Example 10, wherein the controller is to
reduce the activation signal by reducing heat applied to the SMA wire.

{8099] Example 12 includes the subject matter of any of Examples 10 or 11, wherein the SMA
wire 18 a one-way SMA.

{¢0100] Example 13 includes the subject matter of Example 12, further including a spring
carried by the band, the spring to provide a return-biasing force.

{00101} Example 14 includes the subject matter of any of Examples 10 or 11, wherein the
SMA wire is a two-way SMA.

{00192} Example 15 includes the subject matter of any of Examples 1-14, further
including a sensor to detect the blood flow in the limb of the user.

{60103} Example 16 includes the subject matter of Example 15, wherein the sensor

includes at least one of a microphone, an infrared (IR} sensor, or an electroactive polymer (EAP).
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{00104] Example 17 is a method to determine blood pressure of a user, the method
including applying an activation signal to an active material carried by a band to be worn around
a limb of the user to constrict blood flow in the limb; reducing the activation signal to allow
blood flow in the limb; and calculating a blood pressure of the user.

160105] Example 18 includes the subject matter of Example 17, further including
detecting the blood flow in the limb of the user while reducing the activation signal.

{00106} Example 19 includes the subject matter of any of Examples 17 or 18, further
including detecting the blood flow based on a change in capacitance of the active material.
[60107] Example 20 includes the subject matter of any of Examples 17 or 18, further
including detecting the blood flow using a sensor carried by the band.

{60108] Example 21 includes the subject matter of any of Examples 17-20, wherein
applying the activation signal includes applving a voltage or heat to the active material.

100109] Example 22 includes the subject matter of any of Examples 17-21, wherein
reducing the activation signal includes reducing a voltage or heat applied to the active material.
{00110} Example 23 includes the subject matter of any of Examples 17-22, further
including displaying the blood pressure on a display carried by the band.

00111} Example 24 is a computer readable storage medium including instructions that,
when executed, cause a machine to at least apply an activation signal to an active material
carried by a band to be worn around a limb of a user to constrict bloed flow in the limb; reduce
the activation signal to allow blood flow in the limb; and calculate a blood pressure of the user.
{00112 Example 25 includes the subject matter of Example 24, wherein the instructions,
when executed, further cause the machine to detect the blood flow in the limb of the user while
reducing the activation signal.

{00113} Example 26 includes the subject matter of any of Examples 24 or 25, wherein the
instructions, when executed, cause the machine to detect the blood tlow based on a change in
capacitance of the active material.

[00114] Example 27 includes the subject matter of any of Examples 24 or 25, wherein the
instructions, when executed, cause the machine to detect the blood flow using a sensor carried by

the band.
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{60115] Example 28 includes the subject matter of any of Examples 24-27, wherein the
instructions, when executed, cause the machine apply the activation signal by applying a voltage
or heat to the active material.

00116] Example 29 includes the subject matter of any of Examples 24-28, wherein the
istructions, when executed, cause the machine to reduce the activation signal by reducing a
voltage or heat applied to the active material.

{00117} Example 30 includes the subject matter of any of Examples 24-29, wherein the
instructions, when executed, cause the machine to display the bleod pressure on a display carried

by the band.
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What is claimed is:

1. An apparatus to constrict blood flow 1n a limb of a user, the apparatus comprising;

a band to be worn around the limb of the user;

an active material carried by the band; and

a controller to: (1} apply an activation signal to the active material to constrict blood flow

in the limb, and (2) reduce the activation signal to allow blood flow in the limb.

2. The apparatus of claim 1, wherein the controller s to detect the blood flow in the limb

while reducing the activation signal.

3. The apparatus of claim 2, wherein the controller is to determine a blood pressure of the

user based on the detected blood flow and a pressure applied to the limb by the active material.

4. The apparatus of claim 1, wherein the active material forms a continuous loop around

an inner surface of the band.

5. The apparatus of any of claims 1-4, wherein the active material is an electroactive

polymer (EAP).

6. The apparatus of claim S, wherein the controller is to detect blood flow in the limb by
measuring a change in capacitance of the EAP imparted by a pressure of the blood flow on the

EAP.

7. The apparatus of claim 5, wherein the controller is to reduce the activation signal by

reducing a voltage applied to the EAP.

8. The apparatus of claim 3, further including a shirt, the band coupled to a sleeve of the

shirt.

9. The apparatus of any of claims 1-4, wherein the active material is a shape-memory

alloy (SMA) wire.
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10. The apparatus of claim 9, wherein the controlier is to reduce the activation signal by

reducing heat applied to the SMA wire.

11. The apparatus of claim 9, wherein the SMA wire is a one-way SMA.

12. The apparatus of claim 11, further wncluding a spring carried by the band, the spring

to provide a return-biasing force.

13. The apparatus of claim 9, wherein the SMA wire is a two-way SMA.

14. The apparatus of claim 1, further including a sensor to detect the blood flow in the

limb of the user.

15. The apparatus of claim 14, wherein the sensor includes at least one of a microphone,

an infrared (IR} sensor, or an electroactive polymer (EAP).

16, A method to determine blood pressure of a user, the method comprising:

applying an activation signal to an active material carried by a band to be worn around a
timb of the user to constrict blood flow in the limb;

reducing the activation signal to allow blood flow in the himb; and

calculating a blood pressure of the user.

17. The method of claim 16, further inchuding detecting the blood flow in the limb of the

user while reducing the activation signal.

18 The method of claim 16, further including detecting the blood flow using a sensor

carried by the band.

19. The method of claim 16, wherein reducing the activation signal inchudes reducing a

voltage or heat applied to the active material.
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20. The method of any of claims 16-19, further including displaying the blood pressure

on a display carried by the band.

21. A computer readable storage medium comprising instructions that, when executed,
cause a machine to at least:

apply an activation signal to an active material carried by a band to be worn around a
limb of a user to constrict blood flow in the limb;

reduce the activation signal to allow blood flow 1n the limb; and

calculate a blood pressure of the user.

22. The storage medium of claim 21, wherein the instructions, when executed, further
cause the machine to detect the blood flow in the limb of the user while reducing the activation

signal.

23. The storage medium of claim 21, wherein the instructions, when executed, cause the

machine to detect the blood flow based on a change in capacitance of the active material.

24 The storage medium of claim 21, wherein the instructions, when executed, cause the

machine apply the activation signal by applying a voltage or heat to the active material.

25. The storage medium of any of claims 21-24, wherein the instructions, when executed,

cause the machine to display the blood pressure on a display carried by the band.



WO 2018/063473 PCT/US2017/042116

1/9
102
108
106~
BP 120 70 110
132
104" 103
e
114 120 5
i ;ower Blood Pressure Controller |
| Source 122 126
i EAP Controller Blood
116~ 124~ Pressure
T . Voltage Calculator
| transcelver Applicator 130~
. 118 126~ Display
<l Pulse Interface
v
Detector 132~
Database .
134~ Calibrator
Filter




WO 2018/063473 PCT/US2017/042116

108
102

103

FIG. 2A FIG. 2B

304—" }d

FIG. 3



WO 2018/063473

3/9

PCT/US2017/042116

/‘108
108~ ' y 108
/
-— id
= “ | 108
— ! %
FIG. 4 T

300b

FIG. 5A

300b

FIG. 5B



WO 2018/063473 PCT/US2017/042116

! Blood Pressure
Controller :

622~ 620

SMA Controller =

624~ E

Blood |
Pressure
Calculator !

626~

Display
Interface

FIG. 6



WO 2018/063473 PCT/US2017/042116

5/9
600~

602

608a

602
608a

FIG. 7C



PCT/US2017/042116

WO 2018/063473

6/9

8 'Old

aoeLIa)U|
Aejdsig

loje|nojen
ainssald
poo|d

JaAl@osuel |

\-0z8

818

N\

J0)08)9(g
as|nd

Jojeol|ddy
abejjon

19]]0J3u0)
dv3

JaAl@osuel |

90IN0g
Jamod

¢08



WO 2018/063473 PCT/US2017/042116

719
802
800
N~ 804
FIG.9
1000
1002
ffﬁisoo
804

FIG. 10



WO 2018/063473 PCT/US2017/042116

8/9
1100~

(Determine Blood Pressure )
1102~ |

Apply an Activation Signal to an Active Material
to Constrict Blood Flow in a Limb of a User

Y

1104

Blood Flow
Constricted

1106 ~

Reduce the Activation Signal Applied to the
Active Material to Allow Blood Flow

1108~ v
Detect Blood Flow While Reducing the
Activation Signal

1110~ '

Calculate Blood Pressure

1112~ |

Output the Blood Pressure Measurement

1114

Determine
Again
?

Yes

No

1116
FIG. 11



WO 2018/063473 PCT/US2017/042116

1200~ 9/9

T 214~ T
| R . | Mass

| Volatile |7 | Storage

i 1232 \l‘l Memory "

§ 1216~ 1222~y
Non-Volatile| = Input |
1232~31 Memory [ Device(s) |
| 1212

5 R 1220~ 4

; Processor

; 1213~ <— Interface

| 128 Local

Memory |
104 o Output | |
| 114 120 - Device(s) | |
|| =2 |[122]pz8 \ |
18] | 124)(130 1218 §
i 18| | |H28][132 i
| 134 |
§ 504
i 620 :
: 614|618 | = ;
| 616 24
| 626
§ 808 820
| |l810|[812]| |[822] [824 i
| (1818l (l814]|| | [826 |
i 816 i
i ; FIG. 12



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/042116

A. CLASSIFICATION OF SUBJECT MATTER
A61B 5/021(2006.01)i, A61B 5/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AG61B 5/021; A61B 5/04; A61B 5/0478, A61B 5/0245; A61B 5/1455; A61B 5/00; A61B 5/103

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: blood, pressure, flow, sensor, band, active, material, SMA, memory, shape

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016-019002 A1 (VALENCELL, INC.) 04 February 2016 1-25
See page 7, line 21-page 40, line 10, claims 810 and figures 3A-17B.
A US 2013-0053661 A1 (ALBERTH et al.) 28 February 2013 1-25
See claims 1-19 and figure 1.
A US 2009-0253996 A1 (LEE et al.) 08 October 2009 1-25
See claim 1 and figure 13(a).
A US 2010-0234714 A1 (MERCIER et al.) 16 September 2010 1-25
See claims 1-20 and figures 1-3.
A JP 2008-279061 A (SHARP CORP.) 20 November 2008 1-25

See claims 1-7 and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search
15 September 2017 (15.09.2017)

Date of mailing of the international search report

15 September 2017 (15.09.2017)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

& o
2 R
Jaalinan
KIM, Yeon Kyung P UOINSSTNGG

2
3
.7

f/,://

A

%

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2017/042116

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2016-019002 Al 04/02/2016 EP 3139822 Al 15/03/2017
EP 3139822 A4 12/07/2017
US 2017-0119314 Al 04/05/2017

US 2013-0053661 Al 28/02/2013 None

US 2009-0253996 Al 08/10/2009 CN 101848669 A 29/09/2010
CN 101848669 B 13/06/2012
CN 102318246 A 11/01/2012
EP 2135371 Al 23/12/2009
EP 2190347 Al 02/06/2010
EP 2208346 Al 21/07/2010
JP 2010-520553 A 10/06/2010
JP 2010-538701 A 16/12/2010
US 2008-0214902 Al 04/09/2008
US 2008-0222670 Al 11/09/2008
US 2013-0185744 Al 18/07/2013
US 8230457 B2 24/07/2012
US 8973022 B2 03/03/2015
US 9215996 B2 22/12/2015
WO 2008-108800 Al 12/09/2008
WO 2009-033181 Al 12/03/2009
WO 2009-033187 Al 12/03/2009

US 2010-0234714 Al 16/09/2010 BR PI0715884 A2 15/10/2013
CN 101505657 A 12/08/2009
EP 2053963 A2 06/05/2009
JP 2010-500894 A 14/01/2010
RU 2009109414 A 27/09/2010
WO 2008-020376 A2 21/02/2008
WO 2008-020376 A3 02/05/2008

JP 2008-279061 A 20/11/2008 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report

