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PHYSIOLOGICAL CHARACTERISTIC MEASUREMENT SYSTEM

3 Priority Claim
{00013 This patent application claims the benefit of priority to U.S.
Application Senal No. 14/971.800, filed December 16, 2015, which is
mcorporated by reference herein in ifs entirety.
10 Copyright Notice

{0002] A portion of the disclosure of this patent document contains
material that is subject io copvnight protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or the
patent disclosure, as 1t appears in the Patent and Trademark Office patent files or
15 ecords, but otherwise reserves all copyright rights whatsoever. The following
notice applies to the the drawings that form a part of this document: Copyright

Intel Corporation, Santa Clara, California. All Rights Reserved.

Technical Field
20 [0003] Embodiments described herein generally relate to the

measurement and identification of physiological characteristics.

Background
{0004] User interface devices including remotes, smart phones, wearable
25 devices (bracelets and watches} or the like include accelerometers configured to
detect movement of the device. In some egxamples, accelerometers are used {o
reorient the view of a screen, initiate powering of the screen (e.g., when moved
from rest) or the like In other examplas, accelerometers in pedometers or other

wearable devices detect movement of the body and log the movement as steps.

3
jow]

{0005] In still other examples, a plurality of sensors of positioned on the
body to measure overall movement of the user. For instance, accelerometer
units are buckled to the body or mcorporated into that are worn {(e.g., for motion
capture}. Each of the accelerometers is powered with its own battery or a system

battery on the user or at rest at a nearby location {e.g., on a floor, table or the
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like}. The accelerometers include transmitters and power cables that broadcast

motion {0 a central processor.

Brief Description of the Drawings
5 {6006] Figure 1 is a schematic view of one example of a garment
mcluding a physiologieal characteristic measurement system.
{0007} Figure 2 15 a schematic view of the physiological

characteristic measurement sysiem in another example of a garment.

{86008] Figure 3 is a top view of one example of a sensor assembly.
10 0009] Figure 4 1$ g cross sectional view of the sensor assembly of

Figure 3.

EDLH Figure S is a schematic controf diagram of the physiological

characteristic measurement system.

[0011] Figure 6 15 a block diagram showing one example of a
15 method for identifying a physiclogical charactenistic.

{0012} Figure 7 is a block diagram showing one example of a

method for making a physiological characteristic measurement system.

Description of Embodiments
20 [B013] The present inveniors have recognized, among other things, that a
problem to be solved can include accurately identifying user gestures, magnitude
of gestures and the like for interaction and control of connected systems. For
imstance, accelerometer systems as described herein are housed in sroart phones

and remotes {e.g., electronic remotes, game controllers or the like) and are used

b2
L

to provide gross control of devices including powering on of screens with
movement, reorienting of a view on the screen or the like. Simularly, wearable
devices include accelerometers or the like for detection of ambulatory steps 1o
the manner of a pedometer for fitness analysis and record keeping. In some

examples an accelerometer at a location, such as the wrist and provides limited

73]
-,

mformation about movement. Further, accelerometers are bulky, cumbersome to
mcorporate into texiiles and require a power source {through cables or individual
power units associated with the accelerometers). These devices fail to provide

recognition and identification of physiological charactenistics and magnitude of
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the same, such as human gestures. For instance, complex human gestures
mcluding intricate hand, wrist and arm movements are not identified.
[6014] The present subject matter can help provide a solution 1o this
problem, such as by sensor assemblies worn by a user and configured to measure
5 physiological movement through deformation of at least one sensor element. In

some examples, the sensor element includes a piezo element {e.g., a piezo-
resistive or piezo-electric element). The sensor assembly is worn in close
proximity to the body of the user, for instance, as a garment, paich, cuff, jewelry
articte or the like. The piezo element s configured to sense deformation

10 ncluding deformation at locations of the body caused by movement of himbs,
digits, respiration, heart beats or the like. An associated controller interprets the
deformation and provides one or more of a direction of the motion and its
magniiude {a vecior). In another example, a plorality of sensor assemblies are
mcorporated into a garment including a suit, wearable garment, cuffs or the like

15 atvarving locations on the user. The controller receives measured deformations
from each of the sensor assemblies and analysis of the deformations at multiple
focations facilitates the identification of gestures and body movements as well as
the respective magnitude. In still another example, the sensor assemblies each
optionally include a plurality of sensor elements, such as first and second piezo

20 elements at differing onentations. Deformation measured at the location of the
first and second piezo elements allows for the determination of magnitude and
direction of the movement at the limb as it causes component deformation in
each of the piezo elements {e.g., along x and v-axis orienied elements).

Optionally, a supplernent sensor, such as a piezo element an accelerometer or the

b2
L

like 1s used in combination with other piezo elements as a filter (to reduce noise}
for the output of the base piezo elements.

[B015] The present inveniors have recognized, among other things, that
another probler to be solved can include nunimizing the encumbrance and

profile of a phvsiological characteristic system configured to identify one or

73]
-,

more physiological characteristics. The accelerometers of accelerometer
systems {e.g., provided in a suit or buckled to a user) include subassemblies
having individual accelerometers, transmitters and in at least some examples

dedicated power sources. Alematively, power cables are distributed to each of
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the accelerometer subassemblies. These suits and their associated
accelerometers are accordingly bulky, heavy and expensive.
[06016] The present subject matter can help provide a solution 1o this
problem, such as by sensor assemblies worn by a user including conductive

5 traces and one or more sensor elements that are compact and thereby provide a
minimized profite. In an example, the sensor assemblies described herein are
formed by providing conductive traces and piezo elements with inks that are
cured on a deformable substrate, such as a textile or elastomer. The inks are
printed on the deformable substrate by way of screen printing, spuitering,

10 propulsion of ink {e.g., as in ink jet printing) or the like. Optionally, a shell such
as a layer of elastomer is provided over top of the cured traces and piezo
elements for protection from the elemenis, wear, washing and drying or the like.
In still other examples, interconnecting conductive traces are provided in
garments between sensor assemblies and a controller {e.g., positioned in a

15 garment tag, patch or the like). The mterconnecting conductive traces are
optionally formed with conductive threading, cured inks in the manner of the
conductive traces described herein or the like.

{0017] Sensor assemblies as described herein are compact, lightweight
and have a minimized profile. Accordingly the sensor assemblies are readily

20 mcorporated into clothing, cuffs, jewelry or the like. Optionally, the sensor
assemblies are integrally formed with the fabric of the clothing or applied in the
manner of an adhered assembly {e.g., iron-on patch). Garments including the
sensor assemblies, controller and interconmecting conductive traces thereby

provide a compact profile resermbling regular garments such as clothing, jewelry,

25 cuffs or the like while still providing enhanced detection and identification of
physiological characteristics such as gestures, respiration, heart
contraction/relaxation.

[0018] This overview is intended to provide an overview of subject
matter of the present patent application. It is not intended to provide an

30 exclusive or exhaustive explanation of the invention. The detailed description is

mcluded to provide further information about the present patent apphication.
{0019] Figure 1 shows one example of a garment 100, As shown in
Figwre 1, the garment 100 includes a clothing article, for instance a shirt. In

another example, the garment 100 (as described herein) inchudes, but is not

4
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himited to, one or more of a garment such as a vest, shirt, pant or the like. In
another example, the garment 100 inchudes, but 15 not linied 1o, a steeve, cuff or
the like configured for reception on one or more limbs or portions of the
anatomy (such as the torso) of the user. In another example, the garment 100
5 includes a jewelry article, strap or the like configured for buckling to one or

more of the limbs or the body of the user. As shown in Figure 1, the garment
100 includes a garment substrate 101. The garment substrate 101 includes a
deformable substrate, such as a textile. In another example the garment substrate
101 includes one or more elastomers in combination with one or more of textile

10 or elastomers forming the remainder of the garment 100.
{0020} As further shown in Figure 1, the garment 100 includes a
physiological characteristic measurement svstem 102, The physiological
characteristic measurement 102 system includes a one or more sensor assemblies
104 (as shown, a plurality) distributed around the garment 100, As will be

15 described herein, the sensor assemblies 104 i combination with a controlier 106
are configured to measure physiological movements at one or more of the limbs,
organs or the like of the user. The values of the measurements corresponding to
the movements at the limbs or one or more of the organs of the user are
mnierpreted ai the coniroller 106 to accordingly facilitate identification and

20 assessment of one or more physiological charactenistics of the user of the
garment 100. For instance as shown in Figure 1, one or more of the sensor
assemblies 104 are provided on the sleeves of the garment 100, Another sensor
assembly 104 1s provided at a shoulder portion of the garment 100. The sensors

104 provided at the limbs and in this example the shoulder are configured for

25  measurning one or more movements of the limbs or upper torso of the user. In
one example, described herein, the controller 106 interprets measurements from
gach of the sensor assemblies 104 and by way of integration of comparisons of
the measurements at each of the sensor assemblies 104 is able {o do one or more
of identification or assessment {e.g., determine magnitude, vector or the fike) of

30 agesture or physiological movement of the user. In another example, the

physiological character measurement systermn 102 for instance in controller 106 1s
able to identify each of a gesture, physiological characteristic, corresponding
vectors, magnitudes or the like based on sensed measurements from each of the

sensory assemblies 104,
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{0021] As described herein, the phyvsiological character measurement
system 102 includes one or more sensor assemblies 104 provided on the garment
100, In another example, the sensor assemblies 104 are provided on paiches
configurad for attachment to the skin of the user (e.g., by adhesives, siraps,

5 buckles or the like). The sensor assemblies 104 are in one example provided at
various locations on the garment 100, Ag previously described herein, at least
some of the sensor assemblies 104 are provided on the limbs for instance the
arms {or legs} of the garment 100 as well as one or more shoulder portions of the
garment 100. In another exarple, one or more sensor assemblies 104 are

10 provided adjacent to one or more locations corresponding {o the organs of the
user. For instance, the sensor assembly 104 provided on the chest of the garment
100 is positioned near to the lungs and heart of the user when wearing the
garment 100, As described heren the sensor assemblies 104 are configured for
measurement of physiological characteristics including movements of the user

15 and physiological organ characteristics for instance respiration characteristics,
heartbeat charactenstics or the like.
{0022} Referring agamn to Figure 1, the sensor assemblies 104 are in one
example interconnected with the coniroller 106 by one or more interconnecting
conductive traces 108. As shown n Figure 1, in the example garment 100 the

20 mierconnecting conductive fraces 108 extend from each of the sensor assemblies
104 toward the controller 106 provided at the back portion of the garment 100
As shown in Figure 1, the controller 106 is similarly sized to the tag of a
garment and 13 in one example positioned in place of or within the tag of the

garment at the collar. In other examples, the controller 106 1s coupled with

b2
L

another portion of the garment 100 including, but not limited to, a collar, a cuff,
a sleeve, a seam, the chest, back, should or the like. Ins tll other examples, the
controller 106 1s removably coupled with the garment (e.g., to {acilitate
replacement, washing of the garment or the hike).

{0023] In operation, each of the sensor assemblies 104 (where a plurality

73]
-
-

of sensor assemblies are provided) measures deformation at a location
corresponding to the location of the sensor assernbly 104 on the garment 100,
The measured deformation corresponds 1o movement of the user of the garment
100 inchuding for instance physiclogical movement of the limbs, torso or the
like. In another example, the physiological movement corresponds 1o one or

6
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more body functions including hung respiration, heartbeats or the like. As
described herein, in one example one or more of the sensor assemblies 104
mcludes one or more sensor elements configured to measure the physiological
movement. Optionally, each of the sensor assemblies 104 include a phwrality of
5 sensor elements configured to measure the physiological movement at the

corresponding location along one or more axes to provide a composite of the
physiological movement to facilitate the determination of one or more of a
vecior or magnitude for the movement.
10024} The sensor assemblies 104 include the sensor elements therein.

10 In one exarmple, the sensor elements include piezo elements (e.g., piero resistive
or pievoelectric elements) configured to alter characteristics (e g, resistance,
voltage or the like) with corresponding movement of the sensor assemblies 104.
That is {0 say, with deformation of the sensor assemblies 104 {e.g., a deformable
sensor assembly positioned on a deformable substrate) the piezo elements

15 deform and accordingly their characteristics {resistance or voliage generated)
change in a measurable manner. The controller 106 uses the value of the
deformation from the sensor assemblies 104 to deternine a value for the
corresponding movement at each of the sensor assemblies 104, The controller
106 identifies the movement based on the interpretation of measurements from

20 one or more of the sensor assernblies 104, In an example, where the sensor
assembly 104 includes a plurality of sensor elements, for instance two or more
piezo elements positioned in differing onentations, multiple components of the
measured movement are conveyed to the controller 106. The controller 106 uses

the roultiple components to determine a vector including magnitude and

25 direction of the movement at the location of the sensor assembly 104
[0025] In another example, where the physiclogical characier
measurement svstem 102 includes a plurality of sensor assemblies 104 additional
roeasurements including movement at each of the sensor assemblies 104 1s
consolidated at the controller 106, compared against thresholds, and the

30 comparisons are used 1o identify the type of the motion or physiclogical

characteristic and in some examples its one or more of its magnitude or vector.
By analvzing the measurements at each of the sensor assemblies 104 {(comparing

to thresholds) and evaluating each of the measurements together accurate and

S|
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detailed identification of physiological movement including human gestures,
physiological organ charactenstics or the like s realized.
{0026] Figure 2 shows another example of a garment 200, As shown, the
garment 200 includes one or more of a cuff or a sleeve configured for reception
5 around one or more limbs of the user, in this example the right arm. In another

example, the garment 200 includes, but 1s not himited to, one or more of muttiple
cuffs, sleeves or the like positioned at various locations along the limb for
instance at the shoulder, the elbow, the forearm and the wrist. In yet another
example, the garment 200 inchudes a plurality of siraps, buckles, adhesive

10 patches or the like that allow for positioning of a plurality of sensor assemblies
such as the sensor assembiies 204 shown in Figure 2 at a corresponding plurality
of locations along the limb.
{0027} As further shown in Figure 2, the garment 200 includes a
physiological character measurement system 202. The physiological character

15 measurement system 202 in Figure 2 1s simular in at least some regards to the
physiological character measurement svster 102 shown in Figure 1. The system
202 mcludes a plurality of sensor assemblies 204 provided at one or more
focations along the garment 200. For instance, sensor assemblies 204 are
provided at one or more of the wrist 210, forearm 212, elbow 214 and the

20 shoulder 216, In another example, the garment 200 ncludes one or more sensor
assemblies 204 provided at one or more of the locations previously described or
differing locations of the limb. As previously described herein, the provision of
a plurality of sensor assemblies 204 at various locations along the garment 200

accouts for additional measurement of movement of the lmb and

25  corresponding enhanced identification of physiological characteristics including
gestures, their magnitude, vectors or the like.
[0028] Referring again to Figure 2, the physiological character
measurement svstem 202 mceludes the plurality of sensor assembiies 204 at the
various positions along the garment 200. The sensor assemblies 204 are

30 mterconnected with a controller 206 (in this example) positioned on the garment

200. The interconnections are provided in one example by interconnecting
conductive traces 208 extending from each of the sensor assemblies 204 to the

controller 206.
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{0029} The garment 200 inchuding the physiological character
measurement system 202 15 configured for measurement of one or more
physiological characteristics according to deformation of sensor elements in
each of the sensor assemblies 204. For instance, as the user of the garment 200
5 moves the corresponding imb one or more of the sensor assemblies 204 for
mcluding a deformable subsirate is deformed by the movement. For instance,
the underlying textile {(e.g , a deformable substrate) of the garment 200 is
deformed by the movement of the limb which is measured by the sensor
elements in the sensor assemblies 204, In another example, each of the sensor

10 assemblies 204 includes an elastic base or an elastic substrate (another example
of a deformable substrate) coupled with garment 200 and the deformation of the
garment is fransmitted into the elastomer substrate to the sensors of the sensor
assembly 204 to facilitate the measurement of the physiclogical characteristic of
the movement of the limb within the garment 200. By providing a plurality of

15 sensor assemblies 204, each sensor assembly 204 having one or more sensor
elements therein, measurement of the movement of the limb by the physiological
character measurernent systern 202 is enhanced and allows for improved
identification of physiological movement including identification of gestures,
magnitude and vectors of the same.

20 0030 For instance, gestures of the hand including movement of the
hand by way of flexure at the wrist 15 measured in one exaraple by the sensor
assemblies 204 provided at least at the wrist 210 and the forearm 212. The
detected movement at each of the sensor asserablies 204 at the wrist 210 and the

forearm 212 1s interpreted by the controller 206 for instance by wav of

b2
L

comparison with a plurality of thresholds for each of the sensor assemblias 204
to facilitate the identification of a gesture and in one or more examples its vector
or magnitude. Simularly, the bending of the arm 1s measured in one example by
the sensor assembly 204 associated with the elbow 214, Deformation of the

earment 200 and the corresponding sensor elements of the sensor assembly 204

73]
-,

at the elbow 214 facilitate the measurement of the degree of bend n the arm and
accordingly allows for identification of a gesture such as bending of the arm
during a throwing motion and the degree of its bending. In another similar
manner, the sensor assembly 204 at the shoulder 216 i one example includes

one or more sensor elements configured 1o measure the rotation of the arm, its

9
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flexure {e.g., lateral extension from the body), extension of the arm anteriorly or
posteriorly or the ike. The controller 206 interprets the mformation from the
sensor assembly 204 at the shoulder 216 to identify that portion of the gesture
corresponding to the movement of the shoulder 216 (e g, rotation of the

5 shoulder, lateral movement, anierior movement, posterior movement and the

like).
10031} In vet another example, the controlier 206 interprets
measurements from each of the sensor assemblies 204 corresponding {o
physiological characteristics at each of the locations on the garment 200 having a

10 sensor assembly 204 thereon. For instance, movement 1s measured at each of
the wrist 210, forearm 212, elbow 214 and shoulder 216 by the corresponding
sensor assemblies 204, A combination of movements measured at each of the
sensor assemblies 204 facilitates the identification of complexs movements of the
limb including for instance waving, throwing motions, interactions with virtual

15 screens, swinging motions, raising or lowering gestures, directional motions with
the arm or the like. Additionally, the controller 206 1s able, by way of
mterpretation of the measurements from each of the sensor assemblies 204 and
comparison of the measurements to one or more thresholds, to assign one or
more of a magnitude, vector or the like to each of the movements or a composite

280 movement of the entire limb.
{0032} The controller 206 is equipped in one exarople with a transmitter
or wired connection to facilitate the communication of the information including
the 1dentified physiological charactenistic (a gesture), its magnitude, vector or the

like to one or more systems including an imteraction systern that converts the

b2
L

measured motion of the garment 200 and the corresponding limb to instructions
for one or more systems including, but not limited fo, machines, visual and audio
systemns, game systems, systems for observation and documenting of the
physiological movements of the wearer for healthcare purposes or the hike.

Further, although the garment 200 shown in Figure 2 15 in the shape of a sleeve

73]
-,

and configured for reception of an arm, the garment 200 and the sensor
assemblies 204 are simularly emploved in other profiles including, but not
hinmited to, one or more of a shirt, coat, vest, suit, sleeve, pant, glove including

one or more digits, sock, shoe, or the like.

i0
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{6033] Figure 3 shows one {schematic) example of a sensor assembly
300. The sensor assembly 300 corresponds i at least some examples to one or
more of the sensor assemblies 104, 204 previously described herein. As shown
i Figure 3, the sensor assembly 300 includes a plurality of sensor elements for
5 nstance first, second and third sensor elements 306, 308, 310. In another

example the sensor assembly 300 (as well as the sensor assemblies 104, 204)
includes one or more sensor elements.
{0034] The sensor agsembly 300 shown in Figure 3 includes a
deformable substrate 302 for coupling each of the sensor elements 306-310. As

10 shown the deformable substrate 302 extends across the sensor assembly 300 and
mncludes a body side interface 304 In one example, the body side interface 304
is configured for contact with the skin of the user, includes an adhesive for
contact with the skin or includes an adhesive or other interface configured for
coupling with a garment such as the garments 100, 200 shown in Figures 1 and

15 2. In another example, the deformable substrate 302 includes a textile, for
imstance a portion of the garment 100 or the garment 200 shown in Figures 1 or
2, respectively. That is to say, the sensor assembly 300 is incorporated with the
garmeni.
[O035] In another example, the deformable substrate includes an

20 elastomeric material {an elasiomer substrate) that is configured {o deform with
deformation of an underlying textile or the skin of the user during phvsiological
movement {e.g.. motion of the limbs, physiological organ movement such as
respiration, heartbeais or the like). The deformation of the deformable substrate

302 1s conveyed 1o the sensor elements, and corresponding deformation of the

b2
L

sensor elements 306-310 {e.g., portions of the elements such as piezo elements)
1s measured. Where the deformable substrate 302 includes an elastomer, the
elastomer inchudes, but is not himited to, one or more of thermoplastic
polyurethane, polydimethylsiloxane, silicone elastorvers, butyvl rubber or the like.

One or more of these materials provides an elastomeric substrate that readily

73]
-,
-

conveys deformation of the underlying matenial (the garment or skin} to each of
the sensor elements provided with the sensor assembly 300,

{0036} Referring again to Figure 3, as shown the sensor assembly 300
mncludes one or more sensor elements 306, 308, 310, As previously described

herein, each of the sensor elements 306-10 includes in one exarnple at least one

i1
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piezo element, such as first, second and third piezo elements 312, 314, 316.
Optionally, the pievo elements 312, 314, 316 are arvanged with one or more
supplemental components, for instance resistor elements 318 to form a plurality
of Wheatstone bridges for the sensor assembly 300. As shown in Figure 3, each
5 of the sensor elements 306, 308, 310 are bracketed by dashed lines. The
components found within the sensor element 306 (in one example) including the
first piero element 312 and the optional resistor elements 318 form the sensor
element {and sirlarly the other sensor elements 308, 310).
{6637} As will be described m further detail herein, n one example the
10 piezo element 312 1s formed with a cured piezo ink provided on the deformable
substrate 302. Simlarly, the substrate conductive traces 320 formed between the
resister elements 318, the piero elements 312, 314, 316 and the like as well as
traces extending to a sensor assembly interface 322 are formed with one or more
cured conductive inks applied to the deformable substrate 302, One or more of
15 the piero elements 312, 314, 316 and the conductive traces 320 {and other
conductive traces herein) are formed with other methods mcluding, but not
hmited to, sputtering of a piezo material followed by an annealing process such
as laser anmealing, the coupling of piezo films to the substrate 302 (e.g., the
garment or elastomer) through lamination, or the like. In another example, one
20 or more of pieso cables or organic piero sirands {(e.g., polyvinylidene fluonde-
class polymers) are larminated or woven into the deformable substrate 302,
{0038} Referring again to Figuwre 3, in the example shown the sensor
assembly 300 includes a plurality of sensor elements such as the first and second

sensor elements 306, 308, As shown, each of the piero elements 312, 314 are

b2
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provided in differing orientations. For instance, the first piezo element 312 1s
aligned with an x axis within the first sensor element 306. Similarly, the second
ptezo element 314 is aligned with a v axis within the second sensor element 308,
Including a plurality of sensor elernents positioned in differing orientations on

the sensor assembly 300 allows for the measurement of components of the

73]
-,
-

physiological movement at the location of the sensor assembly 300, In one
example, referring in part to Figure 2, where one or more sensor elements such
as the first and second sensor elements 306, 308 are provided at a multi-
directional joint such as the shoulder 216, the plurality of orientations of the

ptezo elements 312, 314 allow for cornponent measurement of the shoulder

12
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movement. By measuring the component movement an overall composite
movement 1s accordingly generated at the controller 206 by blending of the
measurements of each of the first and second piezo elements 312, 314 of the first
and second sensor elements 306, 308. Additionally, by measuring the
5 components of the movement, direction and magnitude are in one example

determined (e.g., with the controller 206 by way of sine, cosine, tangent
conventions or the like).
{0039] As further shown in Figure 3, in one example the sensor assembly
300 includes a third piezo element 316 incorporated with a third sensor element

10 310. The third piezo element 316 18 provided in a transverse orientation relative
to each of the first and second piezo elements 312, 314, The third sensor
element 310 optionally includes resistor elements 318 arranged to forma
Wheatstione bridge in a similar manner to the first and second sensor elements
306, 308. In one example, the measurement of deformation at the third piezo

15 element 316 1s used i combination with the measurements of deformation of
each of the first and second piezo elements 312, 314 to filter notse. Inone
example, noise generated by one or more of the garments 100, 200 (e.g., by
wrinkling, rustling of the fabric, relative movement of the fabric of the garment
100, 200 relative 1o the skin of the user or the hike) is measured with sach of the

20 first, second and third sensor elements 306, 308, 310, The notse 1s filtered by
way of comparison of the measurernents of the third sensor element 310 to the
component measurements of each of the first and second sensor elements 306,
308 or their composite vector value determined at the controller 206,

[0040] As further shown in Figure 3, the sensor assembly 300 includes a
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sensor assembly interface 322. In one example, where the sensor assembly 300
1s provided as a component for assembly with a garment 100, 200 the sensor
assembly interface 322 provides the interface for one or more mierconneciing
conductive traces 108, 208 (as shown in Figures | and 2). That s fo sav, the

substrate conductive traces 320 extend from each of the sensor elements 306,

73]
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o

308, 310 to the sensor assembly interface 322 for connection with the
mterconnecting conductive traces 208 of the garments 100, 200

[0041] Figure 4 shows another example of a sensor assembly 400 in
cross section. The sensor assembly 400 s similar in at least some regards to the

views of the sensor assemblies 104, 204, 300 shown in Figures 1, 2 and 3,
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espectivelv. For instance, the sensor assembly 400 includes one or more sensor
elements including a piezo element 404 and a plurality of subsirate conductive
iraces 406 provided on a deformable substrate 402, As previously described, the
sensor element is in one example a piezo element 404 configured to measure
5 movement of a limb or organ by way of deformation of the piezo element 404

{e.g., through deformation of the substrate including an elastomer, texiile or the
like) In one example, the piezo element 404 includes a piezo resistive element
that changes resistance in a graduated manner corresponding to the degree of
deformation of the piezo element 404, In another example, the piero element

10 404 includes a piero-electric element configured to generate electricity (e.g.,
voltage, potential, current or the like) in a graduated manner corresponding 1o
the degree of deformation of the element 404. The substrate conductive traces
406 are provided and in communication with pierzo element 404 to convey the
measureable changes in resistance {or voltage of a piezoelectric element} from

15 the sensor assembly 400 to one or more control systems including for instance
the controllers 106, 206 shown in Figures | and 2, respectively.
{6042} As turther shown i Figure 4, in one exarmple the deformable
substrate 402 is provided with a body side interface 403. The body side
mnierface 403 includes an adhesive or other coupling feature configured to couple

20 the sensor assembly 400 to one or more of a garment, skin or the like. Tn the
example shown in Figure 4, the body side interface 403 1s coupled with an
underlying textile 402. In another example, the piezo element 404 and the
substrate conductive traces 406 are divectly coupled with the texiite 402, The

textile 402 thereby serves as the deformable substrate of the sensor assembly.

25 [0043] In another example, the sensor assembly 400 includes an
encapsuiant 408 extending around the components of the sensor assembly 400
mcluding the substrate conductive traces 406 and the one or more piezo elements
404 housed therein. The encapsulant 408 provides a protective cover to the
components of the sensor assembly 400, Optionally, the encapsulant is

30 deformably and facilitates the deflection or deformation of the one or more piezo

elements 404 1o ensure measurement of deformation of a garment such as the
garments 100, 200, the skin of the user or the like. As previously described
herein, the deformation of either of the garments 100, 200 or the skin

corresponds to movement of the user at one or more joints, limbs or the like. In
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one example, the deformable subsirate 402 (and optionally the encapsulant 408}
mcludes an elastomer. The elastomer includes one or more of a thermoplastic
polvurethane, polydimethylsiloxane, siticone elastomers, butyl rubbers or the
like. The deformable substrate 402 as well as the encapsulant 408 provides a
5 protective envelope to the components of the sensor assembly 400 mcluding the

ptezo elements 404 and the substrate conductive traces 406, As shown in Figure
3, a sensor assembly interface 322 is provided with the sensor assembly
{including the assembly 400) facilitate coupling with conductive traces and other
components of a system including other sensor assemblies 300 and controllers

10 {e.g.. controllers 106, 206). Optionally, the sensor assembly interface 322 is a
gap or recess formed in the encapsulant 408 to facilitate the coupling. In another
example, the sensor assembly interface 322 includes a fitting having one or more
contacts, ports, plugs or the like configured for coupling with conductive traces.
[0044] Additionally, the deformable substrate 402 provides a relatively

15 planar feature, such as the body side interface 403 that is readily coupled to an
underlying material such as the textite 402 or skin. In one example, the
deformable substrate 402 is readily attached to a textile 402 through the
application of heat (e.g., by ironing of the sensor assembly 400 over the textile
402 at a desired location on a garment). In another exampie, the body side

20 interface 403 includes an adhesive applied immediately before coupling with the
textile 402 or apphied to the deformable substrate 402 at manufacturing and
exposed by way of peeling a removable liner.
[0045] The sensor assembly 400 15 constructed with one or more

methods as described herein. The deformable substrate 402, in one example an
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elastomer, is formed by molding of elastomeric material into a desired shape. In
other examples, the deformable substrate 402 is formed by one or more of
sputtering the elastomeric material, cutiing a hineal elastomer sheet into the
desired shape for the deformable substrate 402 or the like.

{0046] Fach of the piezo elements 404 and the substrate conductive

30 traces 406 are formed on the deformable substrate 402 i one or more methods
mcluding the application and curning of piezo inks and conductive inks on the
deformable substrate. In one example a piezo ink is applied to the deformable
substrate 402 by way of one or more of stenciling, screen pninting, sputtering or

patterning of the piero elements 404 onto the deformable subsirate 402, In an
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example including patterning, the piezo element 404 1s applied by way of
masking the deformable substrate 402 and using an etchant to etch the one or
more desired piezo elements 404 onto the deformable substrate. In another
example, the piezo ink once applied to the deformable substrate 402 is cured, for
5 instance by way of allowing the ink 1o set over fime, applving heat to the sensor
assembly 400 {o cure the ink, baking the sensor assembly 400 or troning the
sensor assembly 400 {o accordingly set the piezo ink.
{0047} In a similar manner, the substrate conductive traces 406 {and
optionally the interconnecting conductive traces 108, 208 shown in Figures |
10 and 2) are formed in the sensor assembly 400 (or in the garments 100, 200} by
way of the application of a conductive ink. The conductive ink is opiionally
applied to the deformable substrate 402 i a similar manner to the examples
provided for the piezo mk. The conductive 1k is applied by one or more of
stencil printing, screen printing, jet printing or the like. Other methods used to
15 deposit conductors enabling connectivity of the system inchude, but are not
himited to sputiering of conductive materials, conductive organic or metallic
materials in threads or strands woven info the deformable substrate 402 (textile
or elastomer}, conductive traces 406 {(with a mask and etching} or the like. The
applied conductive ink is cured on the deformable substrate 402, Curing 15 1n
20 one example conducted n a similar manner to the piezo nk as previously
discussed herein. For instance the conductive ink is allowed to set for a
specified period of time, or heat is applied through one or more of baking,
ironing or the Hike.

{6048] Optionally, after the substrate conductive traces 406 and the one
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or more piezo elements 404 are set {curad) on the deformable substrate 402 the
encapsulant 408 1s applied over top of the piezo elements 404 and substrate
conductive traces 406, In one example, the encapsulant 408 mcludes materials
similar to the elastorner of the deformable substrate 402, In another example,
the material of the encapsulant 408 s applied swth-ene-or-more-of-over-by

30 molding, sputtering or the like over top of the components of the sensor
assembly 400. In an example, where the encapsulant 408 and the deformable
substrate 402 include similar elastomers the elastomer of the encapsulant 408
readily bonds with the deformable substrate 402 to seal the substrate conductive

traces 406 and the piezo elements 404 therein. In another example, a lineal sheet
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of the encapsulant 408 (for instance constructed with the same or simular
material as the deformable substrate 402) 1s adhered (o and applied over the
components of the sensor assembly 400. The adhered sheet is coupled with the
deformable substrate 402 to form a laminate including the substrate conductive
5 traces 406 and piezo element 404 between the encapsulant 408 and the
deformable substrate 402.
[0049] In still another example, an adhesive or other coupling feature is
applied to the body side interface 403 to ensure ready coupling of the sensor
assemibly 400 to etther or both of the skin of the user, a garment, cuff, sleeve,

10 jewelry article or the like. Optionally, the sensor assernbly 400 1s incorporated
with a jewelry element including, but not limited to, a bracelet, sleeve or the like
configurad for coupling around a limb, torso or the like,

{0301 Figure S shows one example of a physiological character
measurement svstem 500 that is simular in at least some regards to the systems

15 102, 202 previously described herein. In one example, the physiological
character measurernent systern 500 includes one or more of the garments 100,
200 previousty shown in Figures 1 and 2. The physiological character
measurement systerm 500 is not limited to either of these garments 100, 200. For
instance, as previously described one or more sensor assemblies 104, 204 shown

20 in Figures 1, 2 or the sensor assemblies 300, 400 shown in Figures 3 and 4 are
mcluded in one or roore components {garments) for instance straps, adhesive
patches, sleeves, garments, jewelry or the like configured for coupling with the
user. That is 1o say, the sensor assemblies 104, 204 shown in Figure 5 are not

hmited for instance to the garments 100, 200 shown therein.

25 |00S1) Referring again to Figure 5, the sensor assemblies 104 are
associated with corresponding garments 100, 2060, In another example, the
garmenis 100, 200 are a unttary garment {e.g., shirt, pant, suit or the hike)
mcluding the sensor assemblies 204, 104 provided thereon. In the example
shown, the sensor assembly 104 1s in a position corresponding to a location of

30 one or more organs of the user such as the lungs or heart. As previously

described herein, the sensor asserbly 104 is optionally configured to measure
movement of the organs of the user {such movement mirrored in the deformation
of the deformable substrate and the one or more sensor elements such as piezo

elements in the sensor assembly).  Deformation of the sensor elements 1s
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assessed by the controller such as the controller 502 to identify one or more
physiological characteristics including for instance heart rate, respiration rate or
the like,
{00521 As also shown in Figure 5, the garment 200 includes a plurality of
5 sensor assemblies 204 provided at various locations along the garment 200. For
mstance, sensor assemblies 204 are provided at each of the wrist 210, forearm
212, elbow 214 and shoulder 216, In another example, the one or more sensor
assemblies 204 are provided at one or more of these corresponding locations or
other locations on the garment 200.

10 0053] Each of the sensor assemblies 104, 204 are coupled with the
controller 502 by way of interconnecting conductive traces 108, 208, As
previously described and shown in Figures 1 and 2, the interconnecting
conductive traces 108, 208 allow for communication between the sensor
assemblies 104, 204 and the controller 502, As described herein, the controller

15 502 with measured values of movement from each of the sensor assemblies 104,
204 1s configured to identify one or more physiological characteristics based on
the measured values from each of the sensor assemblies. For instance, by
assessing a plurality of measured values (including magnitude, vectors or the
like} from a plurality of locations the controller 502 identifies one or more

20 physiological characieristics {gestures, organ functions or the like), magnitude,
vector of a gesture or movement or the like.

{0054} Referring now to the controller 502, as shown the exemplary
controller includes one or more modules configured to identify one or more

movements associated with physiclogical characteristics measured by each of
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the sensor assemblies 104, 204, In the example shown, the controlier 502
includes a comparison module 504, The comparison module 504 is configured
to compare measured values of physiological movement corresponding o
deformation of the sensor elements (e.g., piezo elements) at each of the sensor

assemblies 204. By comparison of the measurements at each of the sensor

73]
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assemblies 104, 204 {o corresponding thresholds the identification module 505 1s
able to wdentify the physiological characteristic (jnovement, organ function or the
like} and in some examples identify the vector or magnitude of the physiological
characteristic. As further shown in Figure 5, the comparison module 504 is in

communication by way of an interface 506 (such as a bus} with the identification
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moditle 505, As previously described, the identification module 505 uses the
comparisons conducted at the comparison module 504 to assess physiological
movement {measurement of phyvsiological movement through deformation of
one or more of the sensor elements at the sensor assemblies) to identify a
5 physiological characteristic and at east in some examples one or more of its

vector or magnitude.
{0055] As further shown i Figure 5, in one example the controller 502
mcludes a threshold database module 508, The threshold database module 508
15 in commumication with at least the comparison module 504 by way of the

10 mterface 506, The threshold database module 508 includes one or more
thresholds used by the comparison module 504 for comparison with
measurements taken at one or more of the sensor assemblies 104, 204, In one
example, the threshold database module 508 ncludes at least one threshold for
each of the one or more sensor assemblies 104, 204. For instance, with the

15 single threshold for one or more of the sensor assemblies the comparison module
504 1s configured to compare physiological movement sensed at one or more of
the sensor assemblies 104, 204 and if the compared physiological movement is
greater than or less than the respective threshold the identification module 505
identifies movement of the limb or organ by way of exceading or not meeting

20 the threshold {(or thresholds at a plurality of sensor assemblies).
[0056] In another example, the threshold database module 508 includes a
plurality of thresholds in physiology modules 510. For instance. one or more
physiology modules 510 are provided for the arm and chest as shown in Figure

3. In such an example, with the arm physiology module 510, one or more
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thresholds are provided for each of the associated sensor assemblies 204
provided at one or more of the wrist 210, forearm 212, elbow 214 and shoulder
216 of the garment 200. Optionally, a phurality of thresholds are provided for
each of these locations along the garment 200, By providing a plurality of

thresholds for each of the locations of the sensory assemblies 204 enhanced

73]
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discrumunation and identification of phvsiological movement at each of the
focations 1s provided. For instance, the measured value at each of the sensor
assemblies 204 is compared at the comparison module 504 with a plurality of
corresponding thresholds for each of the locations. Accordingly, the

tdentification module 505 15 thereby able to identify a degree of motion at each
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of the locations to more accurately identify a gesture or movement of the himb
{as well as magnitude or vecior) housed within the garment 200.
[0057] In another example, for instance where one or more of the sensor
assemblies 104, 204 includes a plurality of sensor elements (as shown in Figure
5 3)including at least first and second sensor elements 306, 308, and i some
examples a third sensor element 310, the comparison module 304 in cooperation
with the identification module 505 1dentifies the direction of motion at each of
the locations of the sensor assemblies 104, 204, For instance, as previously
described herein and shown in Figure 3, in one example a first sensor elerent
10 306 1s provided along an x axis while a second sensor element 308 is provided
along a differing axis, for instance a v axis. In one example, the identification
module 505 nterprets the movement at each of the first and second sensor
elements 306, 308 (including for mstance first and second piezo elements 312,
314 respectively} to determine components of an overall composite movement at
15 one or more of the locations such as the locations (e.g., the wrist 210, forearm
212, etbow 214 or shoulder 216). The refined identification provided by the
identification module 505 allows for the assignment of at least a magottude or a
vector (with two or more sensors elements) at each of the locations.
[D058] Accordingly, the controller 502 accurately identifies with high
20 resolution physiological movement of the user. For instance, in the example
shown in Figure 5 the controller 302 including the comparison module 504 and
the identification module 505 is configured to measuwre movement including the
magnitude (by way of a plurality of thresholds) and the direction of movement

{(for instance with first and second sensor elements 306, 308). By measuring
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each of the magnitude and direction of motion at one or more locations on the
garment 200 for instance at the wrist 210, forearm 212, elbow 214 and shoulder
216 the physiological character measurement system 500 accurately and with
high resolution wdentifies gestures including, but not limted to, gestures of the

arm, the hand, and other limbs or digits of limbs through these comparisons and

73]
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assessment.

{6059] One example of a complex movement of a limb such as the arm
measured and identified by the physiological character measurement system 500
1s provided herein. In one example, the complex motion measured and identified

in this example mcludes motion of the arm in an expanding fashion for mstance
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with the arm and right hand extending from the left side of the forso in an
outward and diagonally upward manner, for instance away from the body of the
user toward an upward location with the hand extending away from the user
{e.g., a sweeping motion from the lower left of the user toward a location above
5 the right shoulder). In such an example, the compiex motion generates

corresponding deformaltion at one or more of the sensor assemblies 204 provided
on the garment 200. For instance, the sensor assembly 204 at the shoulder 216
measures motion of the shoulder in a rotating fashion for instance in a crossing
fashion across the torso of the user from the hup 1n the direction of the right

10 shoulder and away from the body. Sinularly. the elbow 214 experiences a
flexing motion in the form of a contraction at the sensor assembly 204 at the
elbow 214, In ancther example, at least the wrist 210 including the sensor
assembly 204 registers rotation of the wrist info an outward waving fashion
away from the body. Optionally, rotation of the forearm 212 in a clockwise

15 fashion (along the axis of the forearm) is detected at the sensor assembly 204
associated with the forearm 212, Each of the movements measured at each of
the sensor assemblies 204 for the respective locations on the garment 200 are
assessed at the comparison module 504, for instance against a plurality of
thresholds {or each of the locations such as locations 210, 212, 214, 216. As

20 previously described, where a plurality of thresholds are provided for each of
these locations at the threshold database module the comparison module 504 is
configured to compare the measurements at each of these locations to the
plurality of thresholds.

{0060} The corresponding comparisons are forwarded oun to the
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identification module 505 and the module 501 interprets the comparisons to
thereby biend the measurements and determine the corresponding motion of the
himb within the garment 200, That is to say the measured physiological
maovement {deformation of the sensor elements such as first and second piezo

elements 312, 314) of each of the sensor assemblies 204 is svnthesized and then
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identified by the identification module 505 as an overall movement of the arm
for mstance in an sweeping fashion beginming at the left hip of the user and
expanding outwardly past the right shoulder of the user with rotation of the hand
{as measured with one or more of the forearm 212 or wrist 210 sensor assembly

204). One or more of magnitude and a vector for the motion at each of these
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focations 210-216 is determined by way of companson of the physiological
movement to a plurality of thresholds at each of the locations and m some
examples by the imclusion of a plurality of sensor elements 306, 308 (including
corresponding piezo elements} to generate vectors. Accordingly, by way of

5 synthesizing the outputs of a plurality of sensor assemblies 204 at a plurality of
tocations the identification module 505 of the physiological character
measurement system 500 accurately identifies physiological movement, its
magnitude and direction (e.g., veclor) with greater resolution relative to previous

systems.

7

10 [0061] Referring again to Figure 5, in one example the sensor assembly
104 1s provided with the physiological character measurement system 500 at a
location corresponding to one or more organs of the user, for instance organs
that generate physiological movement within the user such as the langs, heart or
the like. As shown in Figure 5, the sensor assembly 104 is provided {on the

15 exemplary garment 100} at the upper torso of the user overlying one or more of
the heart or the lungs. As previously described herein, the sensory assembly 104
is configured to measure deformation at the location with one or more sensor
elements such as the first and second sensor elements 306, 308 shown in Figure
3. The measured deformaiion corresponds to one or more of respiration, heart

20 rate (by way of measured heart beats) or the like.

{0062} As previously described herein, the threshold database module
508 in one example includes a physioclogy module corresponding to one or more
of a heartbeat threshold (or thresholds) or respiration threshold {or thresholds).

The comparison module 504 in such an example compares the measured
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deformation at the sensor assembly 104 with one or more thresholds from the
physiology module 510. The identification module 505 assesses the comparison
of the measurements to the relevant thresholds and accordingly identifies one or
maore of a user’s heart rate, respiration rate or the hike (e.g., bv way of counting

measurements that meet or exceed the specified thresholds).

73]
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18063} In another example, the physiological characteristics
measurement systern 500, for instance the controller 502 includes a storage
module 504. In one example, the storage module 504 stores one or more
physiological characteristic measurements, tdentified physiological
characteristics including, but not himited {0, one or more of movements lirnbs
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{gestures, magnitudes, vectors or the like) or physiological characteristics such
as heart rate, respiration rate or the like over a period of time. Optionally, the
controller 502 includes a transmitier 512 configured to convey stored
mformation or ongoing measurements from the controlier 502 to one or more
5 other systems including for instance a PC, tablet computer, PDA, smartphone,
game console, interactive montor or the hike. In still another example, the
transnutter 512 includes a transceiver figured to transmit and receive data
including

o0

but not limited to, calibration data, updated thresholds or the like. In
stifl another example, the controlier 502 1s provided as an onboard component

10 for nstance an onboard component of one or more of the garments 100, 2060
shown in Figures 1 and 2. For instance, the controller 502 is provided in a
similar manner to the controller 206 in Figure 2 and the controller 106 in Figure
1. That is to say, the controlier 502 is a compact controller provided in a tag or
adhesive patch provided on the garment 100, 200. In another example. the

15 controlier 502 is provided in a removable manner, for instance with an
mterfacing socket to couple with one or more interconnecting conductive traces
108, 208 of the garments 100, 200. The controller 502 is removable to facilitate
washing of one or more of the garments 100, 200, replacement or the like.
Optionally, the controller 502 {or any of the controllers 106, 206} is a textile

20 mitegrated controller. For instance, the controller is a deformable electronic
system {e.g., operational with streiching, folding or the like). In another
example, the deformable controller 502 (or one or more of controllers 106, 206)
mcludes processing and connectivily {or wireless) components permanently

mtegrated into a garment, such as garments 100, 200.

25 j0064] Figure 6 shows one example of a method 600 for identifving a
physiological characteristic. In describing the method 600, reference is made to
one or more components, features, functions and steps previously described
herein. Where convenient reference is made to the components, features, steps
and the like with reference numerals. Reference numerals provided are

30 exemplary and are nonexclusive. For instance components, features, functions,

steps and the like described in the method 600 include, but are not limited to, the
corresponding numbered elements provided herein, other corresponding features

described herein (both numbered and unmuimbered) as well as their equivalents.
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{0065] At 602, the method 600 inciudes sensing a first deformation of a
first sensor assembly 204 {or 104) at a first location of a user such as a firsi body
focation {e.g., location on a limb, digit, body part or the like). The first
deformation corresponds to a first phvsiological movement. At 604, a second
5 deformation of a second sensor assembly 204 {or 104} is sensed at a second

tocation of a user such as a second body location different than the first location.
The second deformation corresponds to a second physiological movement at that
second location.
[18066] At 606, identifying the physiological characteristic is conducted

10 based on the sensed first and second deformations. Identifying the physiological
characteristic includes at 608 comparing the sensed first and second
deformations to respective first and second deformation thresholds {e.g.,
thresholds provided in a threshold database module 508 as shown in Figure 5).
In another example, comparing the sensed first and second deformations

15 mncludes comparing the sensed first and second deformations to a plurality of
thresholds stored at the threshold database module 508.
{0067} At 610, wentifying the phyvsiological characteristic includes
determining one or more of a type of the physiological characteristic or
characteristic magnitude (including a vector) of the physiological characteristic

20 based on comparisons of the first and second deformations {o the respective first
and second deformation thresholds. That is fo say, in at least one example a
physiological characteristic measurement system (such as one or more of the
systems described herein} consolidates comparisons at two or more locations of

the user sensed by the corresponding first and second sensor assemblies 204 (or

25 104) and identifies the phvsiological characteristic such as the movement of a
Iimb (gesture or the like) according {o the comparison of each of the
deformations to corresponding thresholds and interpretation of those
comparisons by the controller 502 (e.g, the identification module 503). As
described herein, in examples the physiological characteristic is identified as one

30 or more of gestures of the limb (or digits) or portion of the user corresponding to

the location of the sensor assemblies 204 on the hody.
10068} Several options for the method 600 follow. In one example,
sensing the first deformation and the second deformation mcludes sensing the

first deformation with at least a piezo element such as one or more first, second
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or third piezo elements 312, 314, 316 at the first location {e.g., one or more of
the wrist, forearm, etbow, shoulder or the like} and sensing the second
deformation includes sensing the deformation with at least another piezo element
of a second sensor assembly 204 {or 104) at a second location for instance the
5 second location corresponding to a different location on the body. In another

example, sensing one or more of the first deformation or the second deformation
imcludes sensing the deformation of a garment such as one or more of the
earments 100, 200 shown herein coupled with the first and second sensor
assemiblies 204 (or 104). The garment 100, 200 15 deformed by one or more of

10 the first or second physiological movements. That is to say, with physiological
movements such as motion of the limbs {or digits), beating of the heart,
respiration by way of the hungs, the sensor elements including for mstance one or
more piezo elements 312, 314, 316 are deformed and accordingly the
physiological movement is measured by these elements and mterpreted by the

15 controller, such as the controller 502.
[1806%] In another example, the first location for the first sensor assembly
15 a first body location on a body such as one or more of a wrist 210, forearm
212, elbow 214, shoulder 216 or a torso location for instance the location
corresponding to the chest or the area over one or more of the lungs or heart. In

20 another example, the second location 1s a second body location on the body
different from the first bodv location for instance one or more of other locations
mcluding for instance the shoulder 212, elbow 214, forearm 212, wnist 210 or
another portion of the torso. Sensing of the first and second deformations

according to the method 600 is conducted at each of the first and second body

25  locations.
{00761 In still another example, one or more of the first or second
sensory assemblies 204, 104 mcludes a first piezo element 312 at a first
ortentation and a second piezo element 314 at a second orientation different than
the first onentation, for instance including but not limited to orientations such as
30 alonganx axis and ay axis, respectively. Sensing one or more of the first

deformation of the first sensor assembly 204 or the second deformation of the
second sensor assembly 204 (or 104) includes sensing a first component of the
first or second deformation with the first piezo element 312 and sensing the

second component of the same first or second deformation with a second piezo
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element 314. In another example, determining one or more of the type of the
physiological characteristic and the characteristic magnitude of the physiological
charactenistic includes determining a deformation magnitude and a deformation
direction {e.g., a vector) of one or more of the first or second deformations based
5 on the first and second components.

{80711 In still another example, one or more of the first or second sensor
assemblies 204 (or 104) includes a third piezo element 316 at a third orientation
different than the first or second orientations and the first or second piezo
elements 212, 314 respectively. Sensing one or more of the first deformation of

10 the first sensor assembly 204 or the second deformation of the second sensor
assembly 204 {or 104) includes sensing a third component of the first or second
deformations with the third piezo element 318. The method 600 further includes
filtering noise from one or more of the first or second components of the first or
second deformations based on the sensed third component. That is to say, in one

15 example the third component sensed with the third ptezo element 316 1s used to
filter noise from measurements of one or more of the first or second
deformations. For instance, detection of wrinkling of a fabric or deformable
substrate or the like is measured as part of a third component (wrinkling is also
incorporated with the first and second component measurements). The third

20 component is used by the controller to accordingly filter out noise such as
wrinkling of the fabric or deformable substrate that s conwmon to each of the
first, second and third componenis to provide a cleaner signal and accordingly a
more accurate identiflication of movement at the sensor assembly.

{6072] In one example, the physiological characteristic corresponds to a
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gesture such as gestures of an arm, hand, digit or the like. The first location
recited in the method 600 corresponds to a first limb location and the second
tocation 13 a second limb location. The first and second limb locations inclade
one or more of locations on a limb or portions of the anatomy coupled with the

himb (such as the shoulder, hand, digits of the hand or the like}. Delermining

73]
=
o

one or more of the type of the physiological characteristic and the characteristic
magnitude {e.g., inclusive of at least magnitude or vector) includes determining
the type of the gesture and the magnitude of the gesture. In another example, the
physiological characieristic is a physiological organ characteristic inchuding but
not Hmited 1o one or more of respiration rale, volume of mhalation and

26



WO 2017/105697 PCT/US2016/061600

exhalation, variation of rate, heart rate, identification of the action of one or
more of the heart chambers, volume of blood pumped by the heart or sach of the
chambers of the heart, identification of blood regurgitation or the like. In such
an example, at least one of the first or second locations is a torso location, for
5 instance the location of the sensor assembly 104 in Figure 5 or Figure 1 with the

sensor assembly posttioned over the chest cavity of the garment 100, In such an
exampie, determining one or more of the type of the physiological characteristic
and the characterisiic magnitude includes determining the type of the
physiological organ characteristic {e.g., heart rate, respiration rate or other

10 charactenistics as described previously herein) and the magmitude of the
physiological organ characteristic including for instance heart rate, respiration
rate, volume or the like.
{0731 Figure 7 shows one example of a method 700 for making a
physiological character measurement system, such as the physiological

15 charactenstic measurement sysiems 102, 202, 502 previously described and
shown heremn. In desecribing the method 700 reference is made to one or more
components, features, functions and steps previously described herein. Where
convenient reference is made to the components, features, steps and the like with
reference numerals. Reference numerals provided are exemplary and are

20 nounexclusive. Forinstance components, features, functions, steps and the hike
described in the method 700 include but are not limited to the corresponding
numbered elements provided herein, other corresponding features described
herein (both numbered and unnumbered) as well as their equivalents,

[0074] At 702, the method 700 includes forming at least one sensor
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assembly, such as the sensor assembly 300 shown in Figure 3. Forming the at
least one sensor assembly 300 includes at 704 applying substrate conductive
traces 320 to a deformable substraie 302, In one example, the deformable
substrate includes but is not limited to an elastomeric subsirate, a texiile
substrate, for mstance one or more of the textiles of the garments 100, 200 (or
the fike),

73]
-,

{0075] At 706, the method 700 mcludes coupling one or more sensor
elements {e.g., two or more and so on), for instance first and second sensor
elements 306, 308, with the deformable substrate 302 1o form a sensor assembly

such as the sensor assembly 300, The one or more sensor elements 306, 308 are
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configured to detect deformation of the deformable substrate 302 (and
corresponding deformation of elements, such as piezo element) corresponding to
a physiological movement. Coupling of the two or more sensor elements
mcludes, at 708, coupling a first sensor element including a first piezo element
5 312 at a first orientation (such as along an x axis) with the deformable subsirate

302, At 710, the second sensor element 308 15 coupled with the deformable
substrate 302, and the second sensor element 308 includes a second piezo
element 314 at a second orientation {such as along a v axis) with the deformable
substrate 302. The second orientation is different than the first orientation

10 j0676] At 712, the method 700 includes electrically connecting the first
and second sensor elements with substrate conductive traces such as the traces
320 previously shown and described in Figure 3. In one example, the first and
second sensor elements 306, 308 are coupled with the subsirate conductive
traces 320 to accordingly provide interconnection with interconnecting

15 conductive traces 108, 208 provided on a garment 100, 200 as shown for
mstance in Figures 1 and 2.
[0677] Several options for the method 700 follow. In one example,
applying the conductive traces such as one or more of the substrate conductive
traces 320 and interconnecting conductive traces 108, 208 includes applying a

20 conductive ink to a deformable substrate such as the deformable substrate 302
and curing the conductive ink. In another example, applying the conductive
traces includes but is not limited to one or more of stenciling the conductive ink,
screen printing the conductive nk, sputtering the conductive ink, patterning the

conductive ink by lithography (e.g., by masking and etching), sewing conductive
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thread. In the example of a conductive ink the method 700 includes curing the
conductive ink, for instance by way of aliowing the conductive ink to set for a
period of time or curing the conductive with heating.

{0078} In another example, coupling one or more of the first or second

sensor elements includes applying a piezo ink to the deformable substrate 302

73]
-
-

and then curing the piezo nk to accordingly form one or more of the piezo
elements 312, 314, 316 (piezo resistive or piezoelectrical elements) on the
deformable substrate 302, Coupling one or more of the first or second sensor
elements 306, 308 {or the sensor element 310) consists of one or more of

stenciling the ptezo ink, screen printing the piezo ik, sputtering the piezo ink,
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patterning of the piezo ink by lithography (for instance masking and etching) and
then curing the piezo ink for instance by way of ironing the piezo ink, allowing
the piezo ink to set for a specified amount of time or heating the piezo ink n an
oven or other heated environment to cure the piezo ink onthe deformable

5 substrate 302.
{60791 In vet ancther example, the method 700 mcludes encapsulating
the subsirate conductive traces 320 and the two or more sensor elements, for
instance first, second and third sensor elements 306, 308, 310 shown in Figure 3,
within an encapsulant 408 (Figure 4). In one example, the encapsulant includes

10 an elastomer similar or identical to the elastomer used in the deformable
substrate, such as thedeformable substrate 402 shown in Figure 4. The
encapsulant 1s applied over the components of the sensor assembly 1o protect one
or more of the conductive traces and sensor elements from weather, wear,
washing or the like.

15 {0080] In vet another example, the deformable substrate includes an
elastomer and the method 700 includes coupling at least one sensor assembly for
mstance one or more of the sensor assemblies 204 or 104 with at least a portion
of a garment 100, 200 at a first location such as the first location corresponding
to one or more of the anatomical locations on the garment 200 or a location for

20 mstance on the chest cavity for the garment 100, In another example, the system
described herem includes at least one additional sensor assembly for instance
one or more of the sensory assemblies 204, 104 and the method 700 includes
coupling the other sensory assernbly with at least another portion of the garment

100, 200 at a second location different than the first location. For instance the

25  second location may correspond to a different portion of the anatomy for
nstance one or more of the wrist 210, forearm 212, elbow 214, shoulder 216 or
the chest cavity as shown in one or more of Figures 1, 2 and 5.
{0081} In yet another example, the method 700 further includes coupling
a controller, such as one or more of the controliers 102, 202, 502, with a garment
30 such as the garments 100, 200. The controller 1s 1n communication with at least

one of the sensor assemblies in the manner shown in Figure 5. In another
example, the method 700 includes interconnecting the aft least one sensor
assembly, such as one or more of the sensor assemblies 204, 104, with the

controller with mierconneciing conductive fraces 108 shown in Figure 1 (208
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shown in Figure 2} and Figure 5. In one example, the mterconnecting
conductive traces 108, 208 are formed in a substantially simnlar manner to the
conductive traces used in the sensory assemblies {e.g., by application of a
conductive ink and followed by curing of the conductive ink}. in another
example, the mterconnecting conductive traces inclhude a conductive thread that

1s woven into the garment or formed as part of the garment.

Examples
[0082] Example 1 can include subject matier such as can include a
sensor assembly configured to monitor one or more physiological characteristics
comprising: a deformable substrate, the deformable subsirate includes a body
side interface; subsirate conductive traces coupled with the deformable substrate;
and two or more physiological sensor elerents coupled with the deformable
substrate, the two or more physiological sensor elements include at east first and
second sensor elements: the first sensor element includes a first piezo element in
a first ortentation along the deformable substrate, the tirst sensor element is
electrically coupled with the substrate conductive traces, and the second sensor
element includes a second piezo element in a second orientation along the
deformable substrate different than the first orientation, the second sensor
element 15 electrically coupled with the substrate conductive traces.
{D083] Example 2 can include, or can optionally be combined with the
subject matter of Example 1, to optionally include an encapsulant, the two or
more physiological sensor elements and the substrate conductive traces are
surrounded by the encapsulant.
{0084] Example 3 can include, or can optionaily be combined with the
subject matter of one or any combination of Exaraples 1 or 2 to optionally
imclude the deformable substrate includes an elastomer.
[D085] Example 4 can include, or can optionally be combined with the
subject matter of one or any combination of Examples 1-3 to optionally include
the deformable substrate includes a textile.
[0086] Fxample 5 can include, or can optionally be combined with the
subject matter of one or any combination of Examples 1-4 to optionally include
the deformable substrate consisis of one or more of thermoplastic polyurethane,

polvdimethylisiloxane, silicone elastomers or butyl rubber.
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{0087] Example 6 can include, or can optionally be combined with the

subject matier of Examples 1-5 to optionally include at least one of the first and

second piezo elements include a cured piezo-ink.

{H038] Example 7 can include, or can optionally be combined with the

5 subject matter of Examples 1-6 to optionally inchude the substrate conductive

traces include a cured conductive ink.

[0089] Fxample 8 can include, or can optionally be combined with the

subject matier of Examples 1-7 to optionally inciude at least one of the first or

second sensor elements includes a Wheatstone bridge, and the respective {irst or
10 second piezo element 15 a component resistor of the Wheatstone bridge.

[0090] Example 9 can include, or can optionally be combined with the

subject matter of Examples 1-8 to optionally mclude the body side interface is

configured for coupling with a garment.

[0091] Fxample 10 can include, or can optionally be combined with the
15 subject matter of Examples 1-9 to optionally include at least one sensor

assembly as recited in example 1.

{0092] Example 11 can include, or can optionally be combined with the

subject matter of Examples 1-10 to optionally include the garment consists of

one or more of a clothing article, a cuff configured for positioning around a body
20 part, asleeve configured for positioning around a body part or a jewelry article.

{0093} Example 12 can include, or can optionally be combined with the

subject matter of Examples 1-11 to optionally include a physiological

charactenstic measurement sysiem comprising: a deformable substraie in the

shape of at least a portion of a garment; two or more sensor assemblies coupled

25 with the deformable substrate, the two or more sensor assemblies include at least
first and second sensor assemblies: the first sensor assembly includes one or
more {irst sensor elements including a prezo element coupled with the
deformable substrate at a first location, and the piezo element is configured to
detect a first deformation corresponding to a first physiological movement at the

30 first location, and the second sensor assembly includes one or more second

sensor elements including another prezo element coupled with the deformable
substrate at a second location spaced from the first location, and the other piezo
element 1s configured to detect a second deformation corresponding to a second

physiological movement at the second location; and a controller in
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communication with each of the two or more sensor assemblies, and the
controller includes: a comparison module configured to compare the detected
first deformation with a first deformation threshold and compare the detected
second deformation with a second deformation threshold, and an identification
5 module configured to identify a physiological characteristic based on the
compared first and second deformations.
[0094] Fxample 13 can include, or can optionally he combined with the
subject matter of Examples 1-12 to optionally include the deformable substrate
consists of one or more of a full garment, a shirt, a vest, a pant, a body suit, a

10 coat, aslesve or a cuff configured for reception on a imb.

[095] Example 14 can include, or can optionally be combined with the
subject matter of Examples 1-13 to optionally inchude the deformable substrate
mcludes one or more elastomer substrates each with a body side interface
configured for coupling with one or more of a garment or a user body.

15 {0096] Example 15 can include, or can optionally be combined with the
subject matier of Examples 1-14 to optionally include interconnecting
conductive traces interconnecting the two or more sensor assernblies with the
controller.

{00971 Example 16 can include, or can optionally be combined with the

20 subject matter of Exaraples 1-15 to optionally inchude the interconnecting
conductive fraces consist of one or more of cured conductive inks, conductive
threads, conductive polymers, conductive butk metal traces, or patterned iraces.
[0098] Example 17 can include, or can optionally be combined with the

subject matier of Examples 1-16 to optionally include the piezo element of at

25  least the first sensor assembly includes: a first piezo element at a first orientation
at the first location, and a second piezo element at a second orientation af the
first location, and each of the first and second piezo elements are configured to
detect the first deformation corresponding to the first physiological movement at
the first location.

30 {0099 Example 18 can inclade, or can optionally be combined with the

subject matier of Examples 1-17 to optionally include the first prezo element is
configurad to detect a first component of the first deformation parallel to the first
orientation and the second piero element is configured to detect a second

component of the first deformation parallel to the second orientation.
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{00100} Example 19 can include, or can optionally be combined with the
subject matier of Examples 1-18 to optionally include the first onentation is
orthogonal to the second orientation.
[0100] Example 20 can include, or can optionally be combined with the
5 subject matter of Examples 1-19 to optionally include at least one of the piezo

elements includes a cured prero ink,
{0101} Fxample 21 can include, or can optionally he combined with the
subject matter of Examples 1-20 to optionally include the physiological
charactenistic includes a user gesture having a type, divection and a magnitude,

10 and the identification module 1s configured to identity one or more of the type of
user gesture, the direction and the magnitude of the user gesture based on the
compared first and second deformations.
{61021 Example 22 can include, or can optionally be combined with the
subject matter of Examples 1-21 to optionally include a third sensor assembly

15 having one or more third sensor elements including at least a third piezo element
coupled with the deformable substrate at a third location, and the third piezo
element 15 configured to detect a third deformation corresponding to a
physiological organ characteristic at the third location, and the comparison
module is configured compare the detected third deformation with a third

20 deformation threshold, and the identification module is configured to identify the
physiological organ characteristic based on the compared third deformation.
{0103} Fxample 23 can include, or can optionally he combined with the
subject matter of Examples 1-22 to optionally include a method of making a

physiological characteristic measurement systern comprising: fornung at least

b2
L

one sensor assembly including: applving subsirate conductive traces to a
deformable substrate including a body side imterface; and coupling two or more
sensor elements with the deformable substrate to form a sensor assembly, the
two or more sensor elements configured to detect deformation of the deformable

substrate corresponding to a phyvsiological movement, couphing including:

73]
-
-

coupling a first sensor element including a first piezo element in a first
orientation with the deformable substrate, coupling a second sensor element
mcluding a second piezo element in a second orientation with the deformable

substrate, the second orientation different than the first orientation, and
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electrically connecting the first and second sensor elements with the substrate
conductive traces.
{0104] Example 24 can include, or can optionally be combined with the
subject matter of Examples 1-23 1o optionally include applying the conductive
5 traces inchudes: applving a conductive ink to the deformable substrate, and
curing the conductive mk.
[0105] Fxample 25 can include, or can optionally he combined with the
subject matter of Examples 1-24 to optionally include applying the conductive
iraces consists of one or more of curing a conductive ink, stenciling the
10 conductive ink, screen printing the conductive wnk, sputtering the conductive ink,
wroning the conductive ink, patterning the conductive ink by hithography or
sewing a conductive thread.
[#106] Example 26 can include, or can optionally be combined with the
subject matter of Examples 1-25 to optionally include coupling one or more of
15 the first sensor elemenis includes: applying a piezo-ink {0 the deformable
substrate, curing the piezo-ink,
[0107] Example 27 can include, or can optionally be combined with the
subject matter of Examples 1-26 to opticnally include coupling one or more of
the first sensor elements consists of one or more of curing a piezo-ink, stenciling
20 the piezo-ink, screen printing the prezo-ink, sputtering the plezo-ink, patterning
the piezo-ink by lithography or ironung the piezo-ink.
{0108] Fxample 28 can include, or can optionally be combined with the
subject matier of Examples 1-27 {o optionally include encapsulating the

substrate conductive traces and the two or more sensor elements along the

b2
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deformable substrate.

[0109] Example 29 can include, or can optionally be combined with the
subject matter of Examples 1-28 to optionally include the deformable substrale
mcludes an elastomer, and comprising coupling the at least one sensor assembly
with at least a portion of a garment ai a first location.

30 [0116] Example 30 can include, or can optionally be combined with the
subject matier of Examples 1-29 to optionally include at least one sensor
assembly includes another sensor assembly, and comprising coupling the other
sensor assembly with at least another portion of the garment at a second location
different than the first location.
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{0111] Example 31 can include, or can optionally be combined with the
subject matter of Examples 1-30 to optionally include coupling a controller with
the garment, the controller in communication with the at least one sensor
assembly.

5 {6112) Example 32 can include, or can optionally be combined with the
subject matter of Examples 1-31 to optionally include interconnecting the at
least one sensor assembly with the controller with mnterconnecting conductive
traces extending along the garment.

[0313] Example 33 can include, or can optionally be combined with the

10 subject matter of Examples 1-32 to optionally include a method for identifying a
physiological characteristic comprising: sensing a first deformation of a first
sensor assembly at a first location of a user, the first deformation corresponding
to a first physiological movement; sensing a second deformation of a second
sensor assembly at a second location of the user different than the first location,

15 the second deformation corresponding to a second phyvsiological movement; and
identifying the physiological characteristic based on the sensed first and second
deformations, identifving the physiological charactenstic including: comparing
the sensed first and second deformations to respective first and second
deformation thresholds; and determining one or more of a type of the

20 physiclogical characteristic and a characteristic magnitude of the physiclogical
characteristic based on the comparisons of the first and second deformations to
the respective first and second deformation thresholds.
{0114] Example 34 can include, or can optionally be combined with the

subject matier of Examples 1-33 to optionally include sensing the first

25  deformation and the second deformation includes: sensing the first deformation
with at ieast a piezo element of the first sensor assembly at the first location, and
sensing the second deformation with at least another piezo element of the second
sensor assembly at the second location.

[0115] Example 35 can include, or can optionally be combined with the

30 subject matier of Examples 1-34 to optionally include sensing one or more of the

first deformation or the second deformation includes sensing the deformation of
a garment coupled with the first and second sensor assemblies, the garment

deformed by one or more of the first or second physiological movements.
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{0116] Example 36 can include, or can optionally be combined with the
subject matier of Examples 1-35 to optionally include the first location is a first
body location on a body and the second location 15 a second body location on the
body different from the first body location, and sensing the first deformation and
5 sensing the second deformation includes: sensing the first deformation at the
first body location, and sensing the second deformation at the second body
location.
{0117] Example 37 can include, or can optionally be combined with the
subject matier of Examples 1-36 to optionally include one or more of the first or
10 second sensor assemblies include a first piezo element at a first orientation and a
second piezo element at a second orientation diftferent than the first orientation,
and sensing one or more of the first deformation of the first sensor assembly or
the second deformation of the second sensor assembly includes: sensing a first
component of the first or second deformation with the first piezo element, and
15 sensing asecond component of the first or second deformation with the second
piezo element.
[0118] Example 38 can include, or can optionally be combined with the
subject matter of Examples 1-37 to optionally include determining one or more
of the type of the physiological characteristic and the characteristic magnitude of
20 the physiological characteristic includes determuning a deformation magnitude
and a deformation direction of one or more of the first or second deformations
based on the first and second components,
[0319] Example 39 can include, or can optionally be combined with the

subject matter of Examples 1-38 to optionally include one or more of the first or

25  second sensor assemblies includes a third piezo element at a third ortentation
different than the first or second orientations, and sensing one or more of the
first deformation of the first sensor assembly or the second deformation of the
second sensor assermbly includes: sensing a third component of the first or
second deformation with the third piezo element, and filtering noise from one or

30 more of the first or second components of the first or second deformation based

on the sensed third component.
[0120] Example 40 can include, or can optionally be combined with the
subject matter of Examples 1-39 to optionally include the physiological

characteristic 1s a gesture, the first location is a first limb location and the second
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location is a second limb location, the first and second limb locations include
one or more of locations on a lirab or portions of the anatomy coupled with the
hmb, and determining one or more of the type of the phyvsiological characteristic
and the characteristic magnitude includes determining the tvpe of the gesture and
5 the magnitude of the gesture.
{0121} Example 41 can include, or can optionally be combined with the
subject matter of Examples 1-40 to optionally include the physiclogical
characteristic is a physiological organ characteristic, at least one of the first or
second locations is a torso location, and determining one or more of the type of
10 the phvsiological characteristic and the characteristic magnitude includes
determining the type of the physiological organ characteristic and the magnitude
of the physiological organ characteristic.
{0122} All features of the apparatuses described above (including
optional features) may also be implemented with respect to the methods or

15 processes described herein.
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1. A sensor assembly configured to monitor one or more phvsiological

characteristics comprising:
a deformable substrate, the deformable substrate includes a body side
interface;
subsirate conductive traces coupled with the deformable substrate; and
two or more physiological sensor elements couplad with the deformable
subsirate, the two or more physiological sensor elements include at least first and
second sensor elements:
the first sensor element includes a first piezo element in a first
ortentation along the deformable substrate, the first sensor element is
electrically coupled with the substrate conductive traces, and
the second sensor element includes a second piezo elementin a
second orientation along the deformable substrate different than the first
orientation, the second sensor element is electrically coupled with the

substrate conductive fraces.

2. The sensor assembly of claim 1 comprising an encapsulant, the two or
more physiological sensor elements and the substrate conductive traces are
surrounded by the encapsulant.

3 The sensor assembly of claim 1, the deformable substraie

includes an elastomer.

4. The sensor assembly of claim 1, the deformable substrate

includes a textile.
5. The sensor assembly of claim 1, the deformable substrate
consists of one or more of thermoplastic polvurethane, polydimethylsiloxane,

siticone elastomers or buty! rubber.

6. The sensor assembly of any of claims 1-5, at least one of the first and

second piezo elements include a cured pigzo-ink.
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7. The sensor assembly of any of claims 1-5, the substrate conductive traces

include a cured conductive ink.

8. The sensor assembly of anv of claims 1-3, at least one of the first or
second sensor elements includes a Wheatstone bridge, and the respective first or

second piezo element is a component resistor of the Wheatsione bridge.

9. The sensor assembly of any of claims 1-5, the body side interface is

configured for coupling with a garment.

10, A ecarment including at least one sensor assembly as recited in any of

claims 1-5.

11, The garment of claim 10, the garment consists of one or more of a
clothing article, a cuff configurad for positioning around a body part, a slesve

configured for positioning around a body part or a jewelry article.

12. A physiological characteristic measurement system: comprising:
a deformable substrate in the shape of at least a portion of a garment;
{wo or more sensor assemblies coupled with the deformable subsirate,
the two or more sensor assernblies include at least first and second sensor
assemblies:
the first sensor assembly includes one or more first sensor
elements mcluding a piezo element coupled with the deformable
substrate af a first location, and the piezo element is configurad to detect
a first deformation corresponding to a first phvsiological movement at
the first location, and
the second sensor assembly includes one or more second sensor
elements mcluding another piezo element coupled with the deformable
subsirate at a second location spaced from the {irst location, and the other
piezo element 1s configured to detect a second deformation
corresponding to a second physiological movement at the second

location; and
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a controller in communication with each of the two or more sensor
assemblies, and the controlier includes:
a comparison module configured to compare the detected first
deformation with a first deformation threshold and compare the detected
5 second deformation with a second deformation threshold, and
an identification module configured to identify a physiclogical

characteristic based on the compared first and second deformations.

13, The physiologiecal characteristic measurement system of claim 12, the
10 deformable substrate consists of one or more of a full garment, a shirt, a vest, a

pant, a body suit, a coat, a sleeve or a cuff configured for reception on a limb.

14, The physiclogical charactenstic measurement sysiem of claim
12, the deformable subsirate includes one or more elastomer substrates each with
15 abody side interface configured for coupling with one or more of a garment or a

user body.

15.  The physiological characteristic measurement system of any of claims
12-14 comprising interconnecting conductive traces interconnecting the two or

20 more sensor assembiies with the controlier.

16. The physiological characteristic measurement system of claim
15, the interconnecting conductive traces consist of one or more of cured

conductive inks, conductive threads, conductive polymers, conductive bulk

25  metal traces, or pattemad traces.
17, The physiclogical charactenistic measurement system of any of claims
12-14, the piezo element of at least the first sensor assembly includes:
a first piezo element at a first ortentation at the first location, and
3¢ a second piezo element at a second orientation at the first location,

and each of the first and second piezo elements are configured to detect
the first deformation corresponding to the first phvsiclogical movement

at the first location.
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18.  The physiological characteristic measurement system of claim 17, the
first piezo element is configured to detect a first component of the first
deformation parallel to the first orientation and the second piezo element is
configurad to detect a second component of the first deformation parallel to the

5 second orientation.

19, The physiological characteristic measurement system of claim

17, the first orientation is orthogonal 16 the second orientation.

10 20, The physiological characteristic measurement system of claim

17, at least one of the piezo elements inchudes a cured piezo ink,

21, The physiclogical characteristic measurement sysiem of any of claims
12-14, the physiological characteristic includes a user gesture having a type,

15 direction and a magnitude, and the identification module is configured 1o
identity one or more of the type of user gesture, the direction and the magnitude

of the user gesture based on the compared tirst and second deformations.

22, The physiological characteristic measurement system of any of claims
20 12-14 comprising a third sensor assernbly having one or more third sensor
elements including at least a third piezo element coupled with the deformable
substrate at a third location, and the third piezo element is configured to detect a
third deformation corresponding to a physiclogical organ characteristic at the

thurd location, and

25 the comparison module is configured compare the detected third
deformation with a third deformation threshold, and
the identification module 15 configured {o identify the physiclogical
organ characteristic based on the compared third deformation.
3G 23 A wmethod of making a physiological characteristic measurement system
corprising;

forming at least one sensor assembly including:
applying substrate conductive traces 1o a deformable substrate

including a body side interface; and
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coupling two or more sensor elements with the deformable
substrate to form a sensor assembly, the two or more sensor elements
configured to detect deformation of the deformable substrate
corresponding to a physiological movement, coupling including:
5 coupling a first sensor element including a first piezo
element in a first orientation with the deformable subsirate,
coupling a second sensor element including a second
piezo element in a second ortentation with the deformable
subsirate, the second orntentation different than the first
10 orientation, and
electrically connacting the first and second sensor

elements with the substrate conductive traces.

24.  The method of claim 23, applying the conductive traces includes:
15 applving a conductive ink to the deformable substrate, and

curing the conductive ink,

25. The method of claim 23, applving the conductive traces consists
of one or more of curing a conductive ink, stenciling the conductive ink, screen
20 printing the conductive nk, spultering the conductive ik, roning the conductive

ik, patierning the conductive ink by lithography or sewing a conductive thread.

26.  The method of claim 23, coupling one or more of the first sensor

elements meludes:

25 applying a piezo-ink to the deformable substrate,
curing the piezo-ink.
27 The method of any of claims 23-26, coupling one or more of the first
sensor elements consists of one or more of curing a piezo-ink, stenciling the
30 piezo-ink, screen printing the piezo-ink, sputtering the piezo-ink, patterning the

piezo-~ink by hithography or ironing the piezo-ink.
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28. The method of any of claims 23-26 comprising encapsulating the
substrate conductive traces and the two or more sensor elements along the

deformable subsirate.

5 29 The method of any of claims 23-26, the deformable substrate includes an
elastomer, and comprising coupling the at least one sensor assembly with at least

a portion of a garment at a first location.

30. The method of claim 29, the at least one sensor assembly includes
10 another sensor assembly, and compnising coupling the other sensor assembly
with at least another portion of the garment at a second location different than

the first location.

31. The method of claim 29 comprising coupling a controlier with
15 the garment, the controller in communication with the at least one sensor

assembly.

32. The method of claim 31 comprising interconnecting the at least one
sensor assembly with the controlier with mterconnecting conductive traces

20 extending along the garment.

33, A method for identifying a physiological characteristic comprising:
sensing a fivst deformation of a first sensor asserubly at a {irst location of

a user, the first deformation corresponding to a first physiological movement;

b2
L

sensing a second deformation of a second sensor assembly at a second
location of the user different than the first location, the second deformation
corresponding to a second physiological movement; and

identifving the phvsiological characteristic based on the sensed first and

second deformations, identifving the physiological characteristic inchuding:

73]
-,

comparing the sensed first and second deformations 1o respective
first and second deformation thresholds; and
determuning one or more of a type of the physiological

characteristic and a characteristic magnitude of the physiological
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characteristic based on the comparisons of the first and second

deformations to the respective {first and second deformation thresholds.

34, The method of claim 33, sensing the first deformation and the second
5 deformation includes:
sensing the first deformation with at least a piezo element of the
first sensor assembly at the first iocation, and
sensing the second deformation with at least another piezo
element of the second sensor assembly at the second location.

10

(43

5. The method of claim 33, sensing one or more of the first
deformation or the second deformation includes sensing the deformation of a
garment coupled with the first and second sensor assemblies, the garment

deformed by one or more of the first or second physiological movements.

36.  The method of any of claims 33-35, the first location 1s a first body
focation on a hody and the second location is a second body location on the body
different from the first body location, and sensing the first deformation and
sensing the second deformation includes:

20 sensing the first deformation at the {irst body location, and

sensing the second deformaation at the second body location.

37. The method of any of claims 33-35, one or more of the first or second

sensor assemblies include a first piezo element at a first orientation and a second

b2
L

piezo element at a second orientation different than the first orientation, and
sensing one or more of the first deformation of the first sensor assembly or the
second deformation of the second sensor assersbly includes:

sensing a {irst component of the first or second deformation with

the first piezo element, and

73]
-,

sensing a second component of the first or second deformation
with the second piezo element.
38. The method of claim 37, determining one or more of the type of the

physiological characteristic and the characteristic magnitude of the physiological
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characteristic includes determining a deformation magnitude and a deformation
direction of one or more of the first or second deformations based on the first

and second components.

5 39 The method of claim 38, one or more of the first or second sensor
assemblies includes a third piezo element at a third orientation different than the
first or second orientations, and sensing one or more of the first deformation of
the first sensor assembly or the second deformation of the second sensor
assembly includes:

10 sensing a third coraponent of the first or second deformation with
the third piezo element, and
filtering noise from one or more of the first or second components

of the first or second deformation based on the sensed third component.

15 40. The method of any of claims 33-35, the physiological characteristic is a
gesture, the first location 18 a first b location and the second location is a
second himb location, the first and second Limb locations include one or more of
locations on a limb or portions of the anatomy coupled with the limb, and
determining one or more of the type of the physioiogical charactenstic and the

20 charactenstic magnitude includes determiming the type of the gesture and the

magnitude of the gesture.

41, The method of any of claims 33-35, the physiological characteristic is a

physiological organ characteristic, at least one of the first or second locations is a

b2
L

torso location, and determining one or more of the type of the physiological
characteristic and the characieristic magnitude includes determining the tvpe of
the physiological organ characteristic and the magnitade of the physiological

organ characteristic.
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