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(54) Title: WEARABLE COMMUNICATION PLATFORM

(57) Abstract: An wearable communications garment that
includes one or more user-selectable inputs integrated into

2 the garment. A sartorial communications apparatus may in
clude a flexible material that is worn (e.g., as an undergar
ment) by the user and includes one or more interactive
sensors that may be manually activated by a user, even
through one or more intervening layers of clothing. The ap
paratus may also include one or more additional body
sensors configured to sense a user's position, movement,
and/or physiological status. The sensor(s) may be connected
via a conductive trace on the garment to a sensor module for
analysis and/or transmission. Methods of manufacturing the
garments as well as methods of using the garments are also
described.
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WEARABLE COMMUNICATION PLATFORM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 119 of U.S. Patent Application No.

61/699,440 filed September 11, 2012, as well as provisional patent application 61/862,936, filed on August 6,

2013, and titled "WEARABLE COMMUNICATION PLATFORM". The disclosures of each of these

applications are incorporated herein by reference in their entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein incorporated by

reference to the same extent as if each individual publication or patent application was specifically and

individually indicated to be incorporated by reference.

FIELD

[0003] The invention is a wearable communication platform that can communicate with a user and others,

detect and respond to signals from the user (e.g. from a wearable electronics based garment) and perform other

useful functions.

BACKGROUND

[0004] In the last twenty years, the development of mobile telecommunications devices have has

dramatically expanded and modified the ways in which people communicate. Computers with ever-faster

computer processors enabled faster communication with increased processing speed and improved analysis of

vast quantities of data. In addition, sensor technology has also rapidly expanded how patients have been

monitored, even by non-professionals. The development of various sensors enabled a variety of measurements

to be taken and analyzed by a computer to generate useful information. In recent years, the use of medical

sensing technology in combination with various communications platforms has provided new and interesting

ways for people, including patients, to be monitored or to monitor themselves and communicate the results of

the monitoring with their physician or caregiver. For example, mobile devices such as smart phones have

enabled mobile device users to communicate remotely and provided some ability to obtain, analyze, use, and

control information and data. For example, a mobile device user may be able to use application software (an

"app") for various individualized tasks, such as recording their medical history in a defined format, playing a



game, reading a book, etc. An app may work with a sensor in a mobile device to provide information that a user

wants. For example, an app may work with an accelerometer in a smart phone and determine how far someone

walked and how many calories were burned during the walk.

[0005] The use of a mobile communications platform such as a smartphone with one or more such

biometric sensors have been described in various contexts. For example, US 2010/0029598 to Roschk et al.

describes a "Device for Monitoring Physical Fitness" that is equipped with a heart rate monitor component for

detecting heart rate data and an evaluation device for providing fitness information that can be displayed by a

display device and is derived by a processing unit, embodied for reading in and including supplementary

personal data. US2009/01 57327 to Nissila describes an "Electronic Device, Arrangement, and Method of

Estimating Fluid Loss" that is equipped with "an electronic device comprising: a processing unit configured to

receive skin temperature data generated by a measuring unit, to receive performance data from a measuring

unit, and to determine a theoretical fluid loss value on the basis of the received performance data."

[0006] Similarly, clothing that includes sensors have been previously suggested. See, e.g., US patent

2007/0178716 to Glaser et al., which describes a "modular microelectronic-system" designed for use with

wearable electronics. US 2012/0071039 to Debock et al. describes interconnect and termination methodology

fore-textiles that include a "conductive layer that includes conductors includes a terminal and a base separately

provided from the terminal. The terminal has a mating end and a mounting end." US 2005/0029680 to Jung et

al. describe a method and apparatus for the integration of electronics in textiles.

[0007] Unfortunately, the use of garments including one or more sensors that may sense biometric data

have not found widespread use. In part, this may be because such garments may be limited in the kinds and

versatility of the inputs that they accept, as well as limits in the comfort, and form factor of the garment. For

example, sensors, and the leads providing power to and receiving signals from the sensors have not been fully

integrated with the garment in a way that allows the garment to be flexible, attractive, practical, and above all,

comfortable. For example, most such proposed garments have not been sufficiently stretchable. Finally, such

proposed garments are also limited in the kind of data that they can receive, and how they process the received

information.

[0008] Thus, existing garments (e.g., devices and wearable sensing apparatuses) and processes for

analyzing and communicating the physical and emotional status of an individual may be inaccurate, inadequate,

limited in scope, unpleasant, and/or cumbersome. The wearable communication platform described herein may

solve some or all of the problems identified above.

SUMMARY OF THE DISCLOSURE

[0009] The present invention relates to a wearable communication platform that may detect and respond to

signals from the user (e.g. from a wearable "intelligent" garment) and that can communicate with the user



(and/or others) and may perform other useful functions. Also described herein are methods of making and

using such a wearable communication platform. For example, such a communication platform may be

configured to accurately detect, process, compare, transfer and communicate, in real time, physiological signals

of the wearer (such as a person, an animal, etc.). A wearable communication platform may include an

intelligent garment that is a wearable item that has one or more sensors (such as for sensing a condition of a

user) and that is capable of interacting with another component(s) of an intelligent apparel platform to create a

communication or other response or functionality based on the sense obtained by the sensor. Any of the

garments described herein typically refer to an item that can clothe a user's body, but for purposes herein, a

garment may, in some variations, be understood to include any item capable of including the same features

described herein. Thus, a garment may include footwear, gloves, and the like. In some variations the garment

is specified as a particular type of garment, such as an undergarment, and may be adapted for use in that context

(e.g., operating through additional layers of clothing, etc.). A wearable communication platform may include a

wearable intelligent garment; sensors on the garment; flexible conductive connectors on the garment, and

optionally a sensor module for managing the sensors and an output, such as a haptic output or audio (e.g.,

music) output based on sensor input and which may be on the intelligent garment or may be separate from it.

When the sensor module and/or output are separate from the garment, the garment may be specifically adapted

for connection/communication or to secure to the sensor module and/or output. For example, the apparatus

(garment) may include a holder, pocket, connector region, base, etc., for interfacing specifically with the sensor

module and/or output (or input/output module).

[00010] In some variations the wearable communication platform refers to a sartorial communications

apparatus. Such wearable communications apparatus may be referred to as continuously conforming to the

wearer's body. As used herein "continuously conform" may mean conforming and contacting to the skin

surface, at least over a region of a material that conforms. For example, a garment that is configured to

continuously conform may include an inner surface (with sensors) that is held against the skin. Such a garment

does not have to be tight or clinging, but may be biased against the skin over all or a majority of the garment.

Continuously conforming may refer to the fact that the sensor-containing regions of the garment conforms to

the skin even as the subject moves while wearing the garment. In a continuously conforming garment, a portion

of the garment (e.g., less than 30%, less than 20%, less than 10%, etc.) may be more loosely conforming - e.g.,

underarms, lower back, joints (elbow, shoulders, etc.).

[00011] As used herein "physiological status" may refer to any parameter indicating the physiological status

of the user. Typically relates to physiological characteristics including vital signs, autonomic response, and the

like.

[00012] As used herein a "body sensor" generally determines information about the user without requiring

the users conscious input. A body sensor may detect physiological status, including vital signs (pulse/heart



rate, blood pressure, body temperature, galvanic skin response (e.g., sweat), etc.). A body sensor may detect

user position (e.g., arm position, body position in space, posture, etc.). A body sensor may detect user

movement (e.g., movement of individual body parts (arms, legs, etc.) and/or movement of the entire user (e.g.,

rate of motion, direction of motion, altitude, etc.).

[00013] As used herein, an interactive sensor may mean a sensor that is manually activated sensors that may

be activated by touch. This may also be referred to herein as volitional touch. Examples of volitional touch

include manually touching a sensor or sensor contact region with a hand, foot, or other body part to cause

activation of the sensor. Examples of what is not meant by volitional touch may include incidental contact

between the wearer's (users) body when wearing the garment. In some variations the interactive sensors are

touch point triggers or touch point sensors. "Manually activated" may refer to a pushing, rubbing, touching,

tapping, or otherwise contacting with the hand or (in some variations) other body part(s), such as the foot, arm,

leg, face, jaw, nose, etc. In general volitional (manual) activation is performed consciously by the user, and

may in some variations also or alternatively be referred to as conscious or intentional activation. For example,

the user may touch an interactive sensor with his/her hand for a period of time (e.g., seconds) to send a signal

from that touch point. The signal may be coordinated with one or more other volitional activations, from the

same or additional interactive sensors. Combinations or patterns of manual activation may be used to

communicate or signal.

[00014] A wearable communication platform may include an intelligent garment which may be any type of

comfortable, conformable, and/or flexible garment. A wearable communication platform may include a garment

configured to be a shirt, pants, shorts, hat, etc. As mentioned, a wearable communication platform may be

configured to conform to a user's body. A wearable communication platform may hold or contain sensors

which may be attached, for example, to an outside or to an inside of a garment or otherwise integrated into the

garment. A wearable communication platform may include flexible conductive connectors that may carry a

sensor signal from a sensor on the garment to a sensor module or to another connector, such as a Kapton®

connector.

[00015] A wearable communication platform may include sensors on or formed as part of a garment which

may be useful for providing signals to or from an intelligent communication platform. Such sensors may

include body sensors, interactive (e.g., touchpoint or touch point) sensors, and/or haptic sensors. A body sensor

may sense a user's aspect, such as a user's position, a user's movement, and/or a user's physiological status.

[00016] A wearable communication platform useful for producing/outputting signals may include a flexible

conductive connector for transferring a signal between sensor and a sensor module or away from a sensor

module. A conductive trace useful as a flexible conductive connector may include a conductive media

(conductive ink) and an insulator.



[00017] A wearable communication platform may include a sensor module that is in proximity with,

attached to, or within the rest of the garment and may be configured (either alone, or in conjunction with

another component) to generate an output, such as a haptic output or an audio and/or visual output based on

sensor input(s). The output, which may include a speaker, haptic output or the like, may be on the garment,

integrated with the garment, or it may be separate from it.

[00018] A wearable communication platform may also include: specially designed apparel and/ or

accessories, an intelligent garment platform power distribution and conductive control system that controls the

apparel/accessory and interfaces with a sensor module, an internet or other communication system for

interacting directly with a cloud, an enabled intelligent device such as an smart phone (iPhone, Android, etc.)

and that may be a separate device or built into the apparel, and may be running specially developed software

applications for functional activity, data capturing and analysis, validation, programming, downloading and

uploading, activations, social connectivity, sharing, and distribution, and/or a feedback mechanism for

consumer, commercial, medical, and industrial applications. In some variations the sensor module is a

smartphone adapted for use with the wearable communication platform, e.g., running a program (e.g., an app)

that configures the smartphone to communicate (input and/or output) with the wearable communication

platform, including receiving and/or processing inputs from the wearable communication platform.

[00019] One aspect of the invention provides a flexible garment configured to continuously conform to a

user's body when the garment is worn by the user, the garment including a body sensor on the garment

configured to sense one of a user's position, a user's movement, and a user's physiological status and thereby

generate a body sensor signal; a conductive trace on the garment, connected with the sensor and configured to

communicate the body sensor signal from the body sensor to a sensor module for analysis; and an interactive

sensor on the garment configured to transmit an interactive sensor signal to the sensor module when the user's

hand activates the interactive sensor to control an audio output and/or a visual output in response to the

interactive sensor signal.

[00020] A flexible garment may include a shirt, pants, underwear, a hat, etc. It may be made of any

comfortable material that can support components such as haptic actuators, sensors, and a sensor module. Such

components may be flexible and/or conformable in one or more dimensions so as to maintain the comfort of the

garment. A flexible garment may be worn under a user's regular street clothes or it may be worn on the outside

where it may be visible to others. A conductive trace may be, for example, a conductive media (a conductive

ink), a conductive cable, conductive metal particles, etc. An interactive sensor may, for example, be activated

by a touch of a user's hand or by near proximity of a user's hand. An output may be any sort and may be on an

intelligent garment such as a video screen, may be on a communication collar connected with the garment and

configured to provide an audio signal to a user's ears, on a smart phone, on a separate speaker, etc.



[00021] In some embodiments, the flexible garment includes a compressive material. In some embodiments,

the flexible garment is configured to expand and contract. In some embodiments, the flexible garment includes

a first axis and a second axis perpendicular to the first axis wherein the garment is configured to change in size

along the first axis and to substantially maintain a size along the second axis. In some embodiments, flexible

garment includes at least one of pants, a shirt, or shorts. In some embodiments, the flexible garment includes a

shirt having a front and a back, and further includes a pocket configured to hold a sensor module on the back of

the shirt.

[00022] In some embodiments, the body sensor is in electrical contact with the skin of the individual. In

some embodiments, the sensor includes one of an accelerometer, an electrocardiogram (ECG) sensor, an

electroencephalography sensor (EEG), and a respiratory sensor. In some embodiments, the body sensor includes

a first sensor, and the garment further includes a second sensor configured to sense one of a user's position, a

user's movement, and a user's physiological status and thereby generate a second body sensor signal. In some

embodiments, the conductive trace is configured to conform to the user's body when the flexible garment is

worn by the user. In some embodiments, the conductive trace is on a surface of the garment. In some

embodiments, the flexible garment further includes a seam enclosing the conductive trace.

[00023] In some embodiments, the interactive sensor is configured to transmit a first interactive sensor

signal when the user's hand activates the interactive sensor once and to transmit a second interactive sensor

signal when the user's hand activates the interactive sensor twice in succession wherein the first interactive

sensor signal is different from the second interactive sensor signal. In some such embodiments, the flexible

garment further includes a plurality of interactive sensors wherein the first interactive sensor is configured to

send a first interactive sensor signal and the second interactive sensor is configured to send a second interactive

sensor signal which is different from the first interactive sensor signal. In some of these embodiments, the

interactive sensors are on a front of the garment.

[00024] In some embodiments, the sensor module is configured to control a microphone or a music playing

device in response to the interactive sensor signal.

[00025] In some embodiments, the garment, the body sensor, the conductive trace, and the interactive

sensor are configured to withstand immersion in water. Thus, in general, the wearable communication platforms

described herein may be washed (e.g., washed in water).

[00026] The interactive sensor may be configured to be activated by a user's hand through an intervening

layer of clothing.

[00027] Another aspect of the invention provides a flexible, compressive shirt configured to continuously

conform to a user's body when worn by the user, including: a plurality of body sensors on the front of the shirt

each configured to sense a user's physiological status and thereby generate a plurality of physiological sensor

signals; a plurality of body sensors on each sleeve of the shirt each configured to sense a user's motion and



thereby generate a plurality of motion sensor signals; a plurality of elongated conductive traces on the garment

each contained in a seam, the traces running from a plurality of body sensors in a substantially vertical direction

to the sensor pocket and configured to communicate the sensor signal from the sensor to a sensor module for

analysis; and an interactive sensor on the front of the garment configured to transmit an interactive sensor signal

to the sensor module when the user's hand activates the sensor with a touch.

[00028] A flexible, compressive shirt may be configured to move with a user's body. A body sensor may

be, for example, a printed sensor or a physical sensor and may be sufficiently flexible or extensible in at least

one direction in order to maintain the flexibility of the shirt. A body sensor may be, for example an

accelerometer, a gyroscope, a magnetoscope, and may detect, for example, a user's respiratory rate, heart rate,

skin conductivity, movement, position in space, inspiratory time, expiratory time, tidal volume, perspiration,

pulse, moisture, humidity, elongation, stress, glucose level, pH, resistance, motion, temperature, impact, speed,

cadence, proximity, flexibility, movement, velocity, acceleration, posture, relative motion between limbs and

trunk, location, responses to transdermal activation, electrical activity of the brain, electrical activity of muscles,

arterial oxygen saturation, muscle oxygenation, oxyhemoglobin concentration, deoxyhemoglobin concentration,

etc. A sensor module may be configured for managing and controlling power, body sensors, memory, external

data, interactive sensors, body "expressions", feedback, transdermal control processes, module enhancements,

social media, software development, etc. An interactive sensor ("touchpoint") may be activated by touching or

by relative proximity of a user's hand or other item (even though one or more layer of clothing).

[00029] Another aspect of the invention provides a flexible garment configured to continuously conform to

a user's body when the garment is worn by the user, the garment including : a body sensor on the garment

configured to sense one of a user's position, a user's movement, and a user's physiological status and thereby

generate a body sensor signal; a conductive trace on the garment, connected with the sensor and configured to

communicate the body sensor signal from the sensor to a sensor module for analysis; an interactive sensor on

the garment configured to transmit an interactive sensor signal to the sensor module when the user's hand

activates the interactive sensor wherein the sensor module is configured to control an audio output and/or a

visual output in response to the interactive sensor signal; and a pocket on the back of the garment configured to

hold the sensor module.

[00030] Another aspect of the invention provides a wearable flexible garment platform for communicating

a wearer's condition including: a wearable flexible garment including: body sensor on the garment configured

to sense one of a wearer's position, a wearer's movement, and a wearer's physiological status and thereby

generate a body sensor signal; a conductive trace on the garment, connected with the sensor and configured to

communicate the body sensor signal from the sensor to a sensor module for analysis; an interactive sensor on

the garment configured to transmit an interactive sensor signal to the sensor module when the wearer's hand

activates the interactive sensor wherein the sensor module is configured to control an audio output and/or a



visual output in response to the interactive sensor signal; a pocket on the garment configured to removably

contain the sensor module; and a sensor module for receiving the body sensor signal from the body sensor,

processing the signal to generate an output signal, and outputting the output signal to thereby provide a

feedback output.

[00031] In some embodiments, the wearable flexible garment is configured to continuously conform to a

wearer's body when the flexible garment is worn by the wearer. In some embodiments, the garment is

configured to be worn on the wearer's torso.

[00032] In some embodiments, the flexible garment includes a plurality of body sensors for generating a

plurality of body sensor signals, and the body sensors are connected with a plurality of conductive traces,

wherein the sensor module is configured to receive the plurality of signals from the plurality of conductive

traces and process the signals to generate a feedback output wherein the feedback output comprises one of an

audio output, a visual output, and a tactile output. Some such embodiments further include one of a speaker and

an earphone connected with the sensor module wherein the audio output comprises a music output configured to

be sent to the earphone or speaker.

[00033] In some embodiments, the output signal is configured to be sent to another individual, a computer,

or a website.

[00034] In some embodiments, the wearable flexible garment further includes a haptic actuator configured

to provide a tactile sensation to the wearer based on the output signal.

[00035] Some embodiments further include a second wearable flexible garment in electrical communication

with the first garment. In some such embodiments the first garment includes a shirt and the second garment

includes one of pants or shorts.

[00036] Some embodiments further include a communications device including: a collar comprising a

microphone or a speaker and configured to wrap partially around a wearer's neck; and a base region connected

with the collar and configured to connect with and provide electrical communication between the sensor module

and at least one of a microphone, an earphone, and a speaker.

[00037] Also described herein are methods of manufacturing the garments described herein. For example, a

method of manufacturing a flexible compressive garment including the steps of: placing a first insulating fluid

media onto a substrate, the fluid comprising an adhesive; placing a conductive material on the first insulating

fluid media to thereby create a conductive material electrical trace; solidifying the first insulating fluid media to

create a first flexible insulator region and thereby generate a flexible transfer comprising a conductive material

electrical trace wherein the transfer is configured to be removed intact from the substrate; removing the transfer

from the substrate; placing the transfer on a flexible compressive garment; attaching the transfer to the flexible

garment; electrically connecting the transfer to a sensor on the flexible garment wherein the transfer is

configured to be connected with a sensor module.



[00038] A flexible transfer may be manufactured separately on a substrate and subsequently transferred to

an intelligent garment. Such a trace may be place on the outside of the garment, on the inside of a garment, or in

between two or more layers. A trace may be elongated, a plate or series of plates, a spiral, a zigzag etc.

[00039] In some embodiments, the solidifying step includes generating a conformable transfer. Some

embodiments further include the step of placing a second insulating fluid media on the conductive material after

the solidifying step, the method further comprising solidifying the second insulating fluid media to thereby

create a second flexible insulator region. In some such embodiments, the first insulating fluid media and the

second insulating media include the same material.

[00040] In some embodiments wherein the conductive material includes a conductive fluid media, the

method further includes solidifying the conductive fluid media. In some embodiments placing a conductive

material on the first insulating fluid includes placing conductive particles on the first insulating media. In some

embodiments, placing a conductive material includes placing a conductive wire on the first insulating media.

[00041] In some embodiments, attaching the transfer to the flexible garment includes adhering the transfer

with an adhesive. In some embodiments, attaching the transfer to the flexible garment includes sealing the

transfer in a seam in the garment.

[00042] A method of manufacturing a sartorial communications apparatus including a flexible compressive

garment and one or a plurality of sensors may include: placing an insulating fluid media onto a transfer

substrate, the fluid comprising an adhesive; placing a conductive material on the first insulating fluid media to

create a conductive electrical trace; solidifying the first insulating fluid media to create a flexible insulated

connective trace; and removing the insulated conductive trace from the transfer substrate and attaching the

insulated conductive trace on a flexible compressive garment.

[00043] Any of the methods of manufacturing a wearable communications platform (e.g., sartorial

communications apparatus) may include placing additional insulating fluid media on the conductive material

and solidifying the second insulating fluid media. The conductive material may comprise a conductive fluid

media, and any of the methods may further comprise solidifying the conductive fluid media. Placing a

conductive material on the insulating fluid may comprise placing conductive particles on the insulating media.

Placing a conductive material may comprise placing a conductive wire on the insulating media.

[00044] Attaching the transfer to the flexible garment may comprise adhering the insulated conductive trace

to the garment with an adhesive. Attaching the transfer to the flexible garment may comprise sealing the

insulated conductive trace in a seam in the garment. In general, removing the insulated conductive trace from

the transfer substrate and attaching the insulated conductive trace on the flexible compressive garment may

comprise applying heat to transfer the insulated conductive trace to the garment.

[00045] Another aspect of the invention provides a wearable communications device including: a collar

configured to wrap at least partially around a user's neck and to hold a shape and including at least one of a



speaker and a microphone; and a base region connected with the collar and configured to provide electrical

communication between a sensor module and the collar wherein the sensor module is configured to connect

with a conformable garment including a plurality of body sensors. A collar may be configured (and referred to

as) an input/output collar.

[00046] For example, an output/input collar for a sartorial communications apparatus may include: a collar

body configured to wrap at least partially around a user's neck; a microphone within a housing of the collar

body; and a speaker output within the housing of the collar body; and a base region configured to connect the

collar body to a garment and to provide electrical communication between a sensor module on the garment and

the input/output collar when the sensor module is connected with a plurality of body sensors on the garment.

[00047] In some embodiments, the collar and/or communications device further includes an earphone. For

example, the earphone (an audio output) may be connected with a base region of the collar. Some such

embodiments further include a sensor module connected with the base region and configured to provide an

audio output signal to the base region wherein the base region is configured to communicate the audio output

signal to at least one of the collar and the earphone. In some such embodiments, the sensor module and the base

region are rigidly connected together.

[00048] As mentioned, the apparatuses described herein may be washed. Thus, also described herein are

methods of washing any of the wearable communications platform apparatus (sartorial communications

apparatuses) described herein. A method of washing may include: placing the wearable communications

apparatus (e.g. having one or more interactive sensors) into an aqueous solution (e.g., a washing machine) with

a cleaning agent (e.g., detergent); and moving the garment through the aqueous solution and cleaning agent;

rinsing (e.g., in water), and/or separating the conformable garment from the aqueous solution and cleaning

agent; and drying the conformable garment. The method of washing may also include removing an input/output

collar and/or removing the sensor module.

[00049] In some embodiments, the cleaning agent includes a detergent and the method further includes

rinsing the conformable garment with an aqueous solution after the separating step.

[00050] Methods of using sartorial communications apparatuses are also described. In general, these

devices may be worn by a user (e.g., subject, person, patient, etc.). The apparatus may be worn with a sensing

module attached; in some variations this may include placing the sensing module in a pocket or other retainer

on the apparatus. The apparatus maybe worn beneath clothing (as an undergarment). In use, the garment may

sense/detect volitional inputs from the use on one or more touch points (e.g., an interactive sensor). The

apparatus may detect one or more of a user's body position, movement, and physiological status with a body

sensor. The sensed information may be passed to the sensor module through the conductive traces integrated

into the garment. Once received by the sensor module, the sensor module may store, analyze and/or transmit

the sensed information. In general the volitional contact signal(s) may be used to modify the operation and/or



output of the sensor module and therefore the sartorial communications device. The sensor module may

prepare an output based on the sensed signal(s). For example, the output may be related to the body sensor

signal(s). Examples may include outputting an audio and/or visual output. The output may be a representation

of the sensed signal (e.g., heartbeat, respiratory rate, etc.) or it may be determined or modified by the sensed

signal. For example, the output may be a musical output that is correlated with the sensed signal.

[00051] Another aspect of the invention provides method of providing feedback for encouraging behavior

modification. For example, a sartorial communications system may be configured to provide biofeedback. In

one variation the system may be configured to help improve posture. For example, one method of using the

apparatus may include a method of modifying a behavior of a person wearing a sartorial communications

apparatus, wherein the sartorial communications apparatus comprises a compression garment including a haptic

feedback and a plurality of body sensors integrated in the garment. The method may include: sensing one or

more of the person's body position, movement, and physiological status with the plurality of body sensors;

transmitting sensor signals from the body sensors to a sensor module attached to the garment; generating an

output signal based on the senor signals; converting the output signal into a feedback for output by the haptic

feedback on the garment; and delivering the haptic feedback to encourage the person to modify a behavior.

[00052] In some embodiments wherein plurality of signals comprises a body position signal, the step of

delivering the haptic feedback includes delivering a vibration to the individual to encourage the individual to

change a position. In some embodiments, communicating the feedback output includes providing a haptic

feedback.

[00053] Also described herein are sartorial communications apparatuses that include one or more interactive

sensors arranged on the garment that allow the user wearing the garment to provide input to the sartorial

communications apparatus even through multiple layers of clothing. For example, a sartorial communications

apparatus may include: a flexible garment comprising a fabric; a plurality of interactive sensors integrated into

the garment, each configured to sense a volitional contact by the user and to generate a volitional contact signal

when the user manually contacts one or the interactive sensors; a sensor module interface configured to connect

to a sensor module for receiving and analyzing, transmitting or analyzing and transmitting the volitional contact

signals; and a plurality of conductive traces on the garment connecting the interactive sensors to the sensor

module interface.

[00054] In any of the sartorial communications apparatus described herein, the apparatus may also include a

plurality of surface regions on the garment, wherein each surface region corresponds to a contact surface for one

of the interactive sensors. Each of the plurality of surface regions may comprise a visual marker on the fabric

of the garment indicating the location of the interactive sensor corresponding to the surface region. For

example, each surface region corresponding to a touch point (interactive sensor) contact surface may be marked

by a color, icon, or the like. In some variations, the contact surface include a tactile marker, such as a textured



or raised region. The contact surface of an interactive sensor may be any appropriate size. For example, a

contact surface for an interactive sensor may be between about 10 mm and about 150 mm in diameter. In

general, an interactive sensor (also referred to as a touchpoint sensor) may be configured so that it can only be

activated by contact with the outwardly-facing side of the sensor (e.g., the side of the sensor that faced away

from the body when the garment is worn).

[00055] Any of the sartorial communication apparatus described herein may also include at least one body

sensor on the garment configured to generate a body sensor signal describing one or more of the user's position,

the user's movement, and the user's physiological status. The body sensor may include one (or more) of: an

accelerometer, an electrocardiogram (ECG) sensor, an electroencephalography sensor (EEG), and a respiratory

sensor.

[00056] In any of the variations of wearable communication platforms (sartorial communications

apparatuses) described herein the flexible garment may comprise a compression garment that is configured to

continuously conform to a user's body when the garment is worn by the user. In general, the flexible garment

may include a first axis and a second axis perpendicular to the first axis wherein the garment is configured to

stretch in size in the first axis but not to substantially stretch in the second axis. The conductive traces may

extend substantially in one axis (e.g., in the second axis). Alternatively or additionally, the garment may be

configured so that different regions of the garment are configured to stretch in a first direction but not in a

second (substantially perpendicular) direction, or to not stretch in any direction; these different regions may be

adjacent and the stretch vs. non-stretch regions may have different orientations, so that they do not all extend in

the same axis relative to the garment. The conductive traces may extend substantially along the non-stretch

directions of each region.

[00057] As mentioned, the garment may be configured as any garment type, including, but not limited to,

undergarments. For example, the garment may be configured as an undershirt. Also in general, the garment of

the apparatus may be configured to have a front and a back. The sensor module interface may include a pocket

configured to hold the sensor module; the pocket may be on the back (e.g., the upper back region) of the

garment.

[00058] In general, the conductive trace may include a conductive ink layer on an inner surface of the

garment, an outer surface of the garment, or on the inner and outer surfaces of the garment. As mentioned, in

some variations the conductive trace is flexible and/or stretchable. In some variations the conductive trace is

flexible but not stretchable. Any of the variations of the apparatuses described herein may include a seam

enclosing the conductive trace.

[00059] In any of the variations described herein, an interactive sensor may be configured to transmit a first

interactive sensor signal when manually activated by a first pattern of contact and to transmit a second

interactive sensor signal when manually activated by a second pattern of contact, wherein the first interactive



sensor signal is different from the second interactive sensor signal. For example, the sensor may be configured

so a single touch will send a first signal and a series of two touches within a certain time period may result in a

second (distinct from the first) signal.

[00060] The interactive sensors may be placed anywhere on the garment. For example, the interactive

sensors may be arranged on a front of the garment.

[00061] In general, the interactive sensor are configured to be manually activated by a user even through an

intervening layer of clothing. This means that even when a user is wearing the sartorial communications

apparatus underneath another garment or garments (e.g., a shirt), a volitional contact to the sensor (e.g., the

region of the sensor over the contact surface) on the shirt over the garment forming the sartorial

communications apparatus may result in activation of the touch point sensor.

[00062] The interactive (touch point) sensors described herein may comprise capacitive or inductive

sensors.

[00063] A sartorial communications apparatus may include an undershirt comprising a fabric; a plurality of

interactive sensors integrated into the undershirt, each configured to sense a volitional contact by the user

through an intervening layer of clothing and to generate a volitional contact signal when the user manually

contacts one or the interactive sensors, wherein the interactive sensors are capacitive or inductive sensors; a

sensor module interface configured to connect to a sensor module for receiving and analyzing, transmitting or

analyzing and transmitting the volitional contact signals; and a plurality of conductive traces on the garment

connecting the interactive sensors to the sensor module interface.

[00064] Methods of communicating with sartorial communications apparatuses are also described. For

example, a method of communicating with a sartorial communications apparatus, wherein the sartorial

communications apparatus comprises a garment including an interactive sensor integrated in the garment and

connected via an integrated conductive trace with a sensor module, may include the steps of: sensing one or

more volitional contact signals with the interactive sensor when a user touches the interactive sensor through an

intervening layer of clothing; transmitting the volitional contact signal from the interactive sensor to the sensor

module; and generating or modifying an output from the sensor module in response to the volitional contact

signal. The method may also include presenting the output from the sensor module in response to the volitional

contact signals. For example, the output may comprise an audible signal, and/or a visible signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[00065] The novel features of the invention are set forth with particularity in the claims that follow. A better

understanding of the features and advantages of the present invention will be obtained by reference to the

following detailed description that sets forth illustrative embodiments, in which the principles of the invention

are utilized, and the accompanying drawings of which:



[00066] FIGS. 1A-B show one variation of a wearable communications platform including front and back

views of a shirt forming the sartorial communications apparatus.

[00067] FIG. 2 is a diagram showing how a wearable communications platform can be used for various

purposes such as communication.

[00068] FIG. 3 shows an embodiment of a wearable communications platform with various interconnected

apparel items.

[00069] FIG. 4 shows an embodiment of a wearable communications platform configured as a shirt in a

wearable communications platform with various elements for sensing and communicating.

[00070] FIGS. 5A-B show an embodiment of a wearable communications platform having multiple,

interconnected garments with various elements for sensing and communicating.

[00071] FIGS. 6A-E show embodiments of wearable communications platforms useful for sensing and

various types of communication, including physical communication and feedback.

[00072] FIG. 7 shows a collar for use with a wearable communications platform useful for providing

communication.

[00073] FIGS. 8A-C show an embodiment of a wearable communications platform for sending heart rate

and for communicating. FIGS. 8A-8B show front and back views of a shirt configured as a sartorial

communications apparatus including a body sensor configured as a heart rate sensor. FIG. 8C shows an

embodiment of a body sensor configured as a heart rate sensor.

[00074] FIGS. 9A-B show an embodiment of a wearable communications platform for detecting a user's

respiration and for communicating.

[00075] FIGS. 10A-B show embodiments of conductive media based systems useful for conducting power

and data in a wearable communications platform.

[00076] FIGS. 11A-B show embodiments of interactive sensors useful for sensing in conjunction with a

wearable communications platform.

[00077] FIGS. 12A-B show embodiments of interactive sensors, such as for a user to interact with a

wearable communications platform.

[00078] FIGS. 13A-B show external (outside) and internal (inside) views of an embodiment of a sartorial

communications apparatus configured as a shirt with a plurality of sensors and conductive traces.

[00079] FIGS. 14A-B shows embodiments of sartorial communications apparatuses configured to include

shirts with shirt collars configured for communicating between the front and back of the shirt.

[00080] FIGS. 15A-D show different views of a wearable communication device.



[00081] FIG. 16A shows an example of a wearable communications platform generated according to an

aspect of the disclosure. FIG. 16B shows data obtained from a body sensor (configured as a respiratory sensor)

such as the one shown in FIG. 16A.

DETAILED DESCRIPTION

[00082] There is a need for improved communication about an individual's physical and emotional status.

Such improved communication may be provided by the wearable communication platform described herein.

Such a platform may provide accurate and multi-faceted communication that improves an individual's sense of

themselves and their interactions with the world around them. Such a wearable communication platform may be

configured to detect and respond to signals from the user (e.g. from a wearable electronics based garment

platform) and may communicate with the user and others and may perform other useful functions. Such a

platform may measure and magnify our performance, monitor our health, expand our communication

capabilities, enhance our social connectivity, entertain us and more. Wearing such electronics, sensors and

communication devices/tools allows communication in a distinctive new way. For example, such a

communication platform may be able to accurately detect, process, compare, transfer and communicate in real

time physiological signals of the wearer (such as a person, an animal, a plant, etc.). Such a communication

platform may provide more freedom to an individual and may be considered to represent a new wave of

intelligent, personal communication, after the first two "waves" which may include computers (first wave) and

mobile telecommunications devices (second wave).

[00083] A wearable communications platform, as described herein, may provide the following advantages.

It may be usable during any normal daily life, including spontaneous activities. It may redefine the meaning of

accurate evaluations of the current physiological status of an individual (or nature or other things). It is

generally known that a process of measuring-in which an individual knows he is being measured- may affect

the parameter being measured and therefore cause a measurement to be less accurate. The process of measuring

may generally cause constraints that limit an individual's freedom of movement due to limitations in the

measuring devices themselves (e.g., cumbersome machines, hanging wires, spending time gluing or attaching

sensors) or the conditions in which the measurements are taken (e.g., a laboratory, or a hospital or a medical

facilities habituated by sick people that may generate stress, fear or apprehension in the individual being

measured). A wearable communication platform may be accurate not only in terms of the correspondence of the

measurement to the real value, but also in terms of correspondence of the detected physiological condition of

the individual who is no longer affected by the taking of measurement. Using a wearable communication

platform, accuracy of measurement may be directly related to the increased degree of freedom available while

taking the measurements. Wearing such electronics, sensors and communication devices/tools allows

communication in a distinctive new way. An advantage of the wearable communication platform described

herein may be that it improves the way people communicate and live by a) providing accurate information from



which they can optimize the way they live; b) providing instantaneous feed-back so that a user can improve

while 'in action'; c) by communicating directly to the body and by bypassing mistaken interpretations of the

mind (e.g. computers and mobile devices communicate to the mind). A wearable communication platform as

described herein may enhance the learning process and the exactitude of what is learned. A wearable

communication platform may not communicate just to the ears (through voice, sounds, music) and the eyes

(images, photos, videos) of the receivers but may also communicate directly to their bodies (to their muscles, to

their points of stress, to their sensitive points, etc.), for example, to improve movements in daily activities or

sports, to correct postures and alignments, breathing, etc. and may optimize physical and mental efficiency (e.g.

through haptic activators and sensors). An individual may better understands his emotions and feelings by

attentively observing their manifestations in their bodies rather than by listening to an emotional mind that is

unduly influence by doubt, fear, aversion, clinging, social pressure, media brain washing, etc. By listening to

the body, an individual listens to the truth. A wearable communication platform as described herein may

provide a real time (e.g. instantaneous) body part specific feedback so that a user can optimize their efficiency

while in action and keep improving. A wearable communication platform may allow an individual to

communicate and share messages, feelings, moods, actions, etc. through interactive sensors ('touch points'). A

'touch points' may be a more immediate, more natural and faster communication and sharing means then are

computer typing or mobile dialing or texting. An enhanced accuracy, a capacity to communicate directly to an

individual's body rather than just through the mind, the fact that a user may have instantaneous feedback may

provide a wearable communication platform as described herein with a fundamental quality that further

distinguishes it from the previous two platforms of communications: computers and mobiles communicate

interpretations of the reality related by journalists, bloggers, users communicating what they personally believe

is reality. A wearable communication platform as described herein communicates objective, free, scientifically

quantifiable physiological data about people, nature and things. An enhanced accuracy of the wearable

communication platform described herein may provide a substantial advantage to patients, athletes and others to

maintain an active lifestyle, and improve their health, their performances and their efficiency. It may allow

people at large to change the way they express themselves by enhancing and liberating their creativity: the

platform may include algorithms that may help a user transform their movements into music, their physiological

signals into melodies, messages, perfumes, colors, and may allow them to dance or execute exercises in

coordination, generated instant events, etc. A wearable communication platform may automatically provide an

accurate "dairy" of a user's life without them having to write or take notes. A wearable communications

platform as described herein may connect friends, athletes or people with similar interests, activities or diseases

and enhance their social bonds with more intimate communication and may help them organize events, have

virtual competitions or share their most private information.



[00084] The wearable communications platforms described herein may also be referred to as intelligent

platforms (intelligent garment platforms, intelligent wear, intelligent apparel, intelligent apparel platforms,

intelligent module, smart wear, etc.) or, interchangeably, as "sartorial communications apparatuses".

[00085] A wearable communications platform may integrate apparel, a power control system(s), electronics,

software, etc. to allow, for example, for on-demand access to new media down-loadable content, up-loadable

content and/or instructions, sharing technology, and facilitating location based interaction and specific

associated content for each location. An intelligent garment platform may be created with printed and physical

sensors, conductive and elastic materials and media (inks), electronics, software, and advanced fabrics create

and may measure, evaluate and improve a user's life. An intelligent garment platform may allow for the

ongoing development of functional applications that can be added to the platform, such as on a digital download

basis and/or a modular electronic basis. There is a long-felt need to create an integrated solution for an

intelligent, lightweight, comfortable, and intelligent apparel platform and accessories.

[00086] One aspect of the invention comprises a wearable flexible garment platform for communicating a

wearer's condition comprising: a wearable flexible garment comprising: a body sensor on the garment

configured to sense one of a wearer's position, a wearer's movement, and a wearer's physiological status and

thereby generate a body sensor signal; a conductive trace on the garment, connected with the sensor and

configured to communicate the body sensor signal from the sensor to a sensor module for analysis; an

interactive sensor on the garment configured to transmit an interactive sensor signal to the sensor module when

the wearer's hand activates the interactive sensor wherein the sensor module is configured to control an audio

output and/or a visual output in response to the interactive sensor signal; a pocket on the garment configured to

contain the sensor module; and a sensor module for receiving the body sensor signal from the body sensor,

processing the signal to generate an output signal, and outputting the output signal to thereby provide a

feedback output. In some embodiments a pocket on the garment may be configured to removably contain the

sensor module.

[00087] FIGS. 1A-B shows an overview of how an intelligent wear platform may be used according to one

aspect of the invention. FIGS. 1A-1B show embodiments of a flexible garment in the form of front elevation

views of a shirt to be worn on the wearer's torso. FIG. 1A shows a front view of an intelligent wear shirt

system. FIGS. 1A-B show an intelligent wear module, which may be a core of an intelligent system that powers

and controls all (or many) other elements, both printed and physical, in the apparel. Additionally, a smart

module may facilitate some, most or all communications with a user's smart phone, computer, or other

networking device (e.g. internet access device) or allow for the embedded capabilities of these functions within

the garment. A module 1 can work alone as a self-contained powered unit, or may work in conjunction with

additional modular elements. A smart module could work in conjunction with a battery such as an additional



flexible battery and/or modular battery. Such a battery may be designed to be added to the intelligent wear in a

hem, a seam(s), or (another) non-conspicuous location(s) on the apparel.

[00088] As exhibited in reference numerals 12-15 and 17-23, an intelligent and flexible conductive belt can

be, for example, be added to or embedded in an item of intelligent apparel. An intelligent and flexible belt can

contain elements that include, but are not limited to, elements to further enhance module 1, including an

additional memory, battery power, a microprocessor, an accelerometer, and/or Wi-Fi capability, Bluetooth

capability, GPS, a transmitter, AM/FM capability, and a transceiver.

[00089] A rear surface image of the apparel, as shown in FIG. IB, demonstrates reference numerals 24- 30

that may offer a variety of user comfort functionality that can be utilized together or separately (individually), to

supply the intelligent wear user electrical stimulation, vibration, heat, cold, shielding, absorption, etc. When a

temperatures sensor senses a temperature drop below or above a particular (e.g. preset or chosen) level, a

system sensor can (e.g. automatically) trigger a printed heat panel(s) or a cold panel(s) to activate, and they can

be further controlled by the intelligent wear user via a thermostat, a direct temperature control, or via a variety

of program options.

[00090] A front surface image of an intelligent-apparel garment demonstrates a camera 3 1 in the apparel,

such as a still image camera and/or a video camera and/or another camera. The camera can be controlled by the

user or can be controlled via remote control from another source that the intelligent wear user allows to control

the camera, such as via a module communication system, via the internet, via a Wi-Fi connection, or via a

Bluetooth connection(s).

[00091] FIGS. 1A-1B also demonstrate examples of different types of lighting effects that may be available

on an intelligent apparel, such as a strobe light 32 that can also or instead remain on as a solid light, an indicator

light 33, and/or a lighting strip(s) 34. Any lighting effect may be placed on or incorporated into a garment. Each

of the lights may be controllable such as via a set-and-forget program(s), may be triggered on and off, may be

set to respond to different sensor inputs such as time, daylight, absorb ambient light, and may be configured to

radiate, glow, etc. Any or all lights may be controllable via a smart module 1, and/or may be powered via the

smart module land/or may be powered via a flexible battery 4.

[00092] A panel, as indicated in FIGS. 1A-1B, can create and/or store power, and/or may be powered by a

(or more than one) solar panel 35.

[00093] An electroluminescent panel 36 (an EL panel) may be powered in any way, such as, for example,

by a solar panel 35, from a flexible battery 4, or from a rechargeable battery (which may be located in the smart

module 1). Such a panel may respond to a pre-programmed sensor, a transmitter, etc. Each panel can work

alone or can work in conjunction with another feature(s).

[00094] FIGS. 1A-1B demonstrate a possible placement for an antenna array 37 that can work, for example,

in both of (or in either of) a transmission mode and a receiving mode, and may extend the range of another



sensor(s) and/or communication forms. In this case, the array may also act as a design element within a pouch 9

(such as in a created back panel shown in FIG. IB) or for the pouch 9 (such as on the weatherproof pouch shown

in the front view of FIG. 1A). Networking technology 38 can work alone or in conjunction with antenna array

37 for range extension. Additionally, the intelligent user can work in conjunction with a networking device 45

(e.g., such as, a computer, a smart phone (their own smart phone), a tablet) or another cell phone 39 to program,

change, modify, or facilitate voice activation commands to control module 1.

[00095] A display 40 can provide the intelligent wear user a visual and audible device to see feedback, sent

data, responses, etc. from any or all the sensors, electronics, inputs, etc. available to the intelligent wear user,

such as alone, or in conjunction with the intelligent wear user's cell phone 39 and/or networking device 45, such

as computer, smart phone or tablet.

[00096] An entire intelligent wear system can work alone or in conjunction with one or more of an

enhancement accessory 46, such as, for example, a wristband or watch. An intelligent accessory (or accessories)

can add an additional functionality to the intelligent system, and can be triggered to respond to a programmed

element(s).

[00097] Smart module 1, shown in perspective view, may be wired or wireless, and may contain the main

processing core of an intelligent system that facilitates some, most or all sensors, communication links

(Bluetooth, cellphone, internet, Wi-Fi, etc.), control, and power distribution. Smart module 1 can be a self-

contained unit, and or, be supported by modular connection elements with enhanced functionality. A module

may be woven into, printed upon, attached to, or otherwise be in proximity with the apparel. A module can be

used as a "hot spot" allowing for multiple internet or communication tethering access functionality.

[00098] FIG. 1A also shows a front view of an interactive sensor 2 (such as a conductive touch point) that

can activate a routine in the smart module 1 such as via touch, proximity, voice activation, or via a variety of

programmable or preprogrammed instructions. An interactive sensor (a touch point) can be located anywhere on

the apparel. An interactive sensor (touch point) can, for example, be in a designated area, and may be printed or

affixed on the apparel. An interactive sensor can be virtual in that a location may be projected or fixed on the

apparel such as in the form of a projection or augmented reality format (for example via a camera or projector),

and an interactive sensor may be, for example, triggered by proximity, touch, or voice. Such an interactive

sensor may act as a user interface on a shirt (or other intelligent wear accessory, garment or item). Such an

interactive sensor may be customizable for different uses (such as based on user preference). Different modes of

activation of a single sensor (e.g. a single tap, a double tap; etc.) may lead to different actions. In some

embodiments, an interactive sensor may be configured to transmit a first interactive sensor signal when the

user's hand activates the interactive sensor once and to transmit a second interactive sensor signal when the

user's hand activates the interactive sensor twice in succession wherein the first interactive sensor signal is

different from the second interactive sensor signal. A plurality of interactive sensors may be present. Such



sensors may all be activated by the same type of trigger (e.g. a single tap) but each may control a different

action or activity (for example, one sensor may control a phone, another sensor may control messaging) such as

through different interactive sensor signals. In some embodiments, the first interactive sensor is configured to

send a first interactive sensor signal and the second interactive sensor is configured to send a second interactive

sensor signal which signal is different from the first interactive sensor signal. Two (or more than two) sensors

may be activated by the same type of trigger (e.g. a single tap) and may control the same action (for example, a

sensor on a hem of a shirt and a sensor on a collar may both be configured to control music volume). Different

modes of activation of a single sensor may result in different interactive sensor signals and different types of

action (e.g., a single tap controls music volume and a double tap controls messaging). Using an interactive

sensor(s), a user may control any element that is connected with it, including controlling any other elements on

a connected intelligent garment item and/or any items connected wirelessly with it. For example, an interactive

sensor may control a call (activate a call, answer a call, end a call, etc.), control music (bass, musical selection,

volume, etc.), control a microphone, deliver a message, share content, perform a social check-in such as via a

location based service, etc. For social sharing, a user may choose a delivery method (for example, a proprietary

intelligent wear web platform, a call, an email, a Facebook connection, a short message service (SMS), Twitter,

etc.). An interactive sensor(s) may allow a contact to be chosen from any library such as via an intelligent wear

application, and control (open) a communication with a simple interaction with an interactive sensor (such as

with a single tap, a double tap, a triple tap, a press and hold, a voice command, etc.). For example, by tapping

on a touch point a climber can share his location and altitude with his intelligent wear application friends or

Facebook friends. In another example, through a press and hold on a designated touch point on a shirt, a user

can activate an emergency call (e.g. to 9 11) and immediately get help if in danger.

[00099] FIGS. 1A and IB show a variety of different sensor applications 3A on, in, and around the

intelligent apparel that may include, but are not limited to one or more sensors configured to measure

respiration, heart rate, pulse, pressure, moisture, humidity, elongation, stress, glucose and/or pH, wear,

resistance, DNA, nerves or nerve activity, muscle activity, bone stimulation, optics, chemical, motion,

thermometer, sleep state, impact, proximity, flexibility, rotation, and/or any other (diagnostic) element. A piece

of apparel may have none, one, or many sensors working separately or in unison. A sensor(s) in conjunction

with a software application can be programmed to be both passive in data collection mode, and active; for

example, in that a sensor data response may trigger a specific response such as data transmission, light

activation cameras, stimulators, vibrators, defibrillators, transdermal activations, etc.

[000100] FIGS. 1A and IB show a variety sensors 3B, such as biological sensors, that can be either passive

and/or active, such as that they may collect, analyze, transmit and/or respond to a specific biological detection,

and/or can trigger one or more of any apparel capability responses.



[000101] A flexible battery 4 (or batteries) and (an associated) conductive link may make for a primary

power source or incremental power in support of a modular power system may be flexible, light weight,

expandable, quick connecting, comfortable, shapeable, and/or otherwise consumer friendly. Power may be

wired or wireless and may be fixed or may be rechargeable.

[000102] A printed conductive material 5 may, for example, include an ink (media), a dye for a thread and/or

embroidery, a printed material that may be used to distribute power and communication requirements to all

aspects of, and between, sensors, arrays, components, lights, electronics, panels, printed and wired elements in

the intelligent wear, both internally and in conjunction with an added accessory.

[000103] A woven conductive material 6 may be used alone or in conjunction with a printed conductive

material to be able to design the power points and distribution requirements in and around the apparel to create,

for example, the most efficient look and/or consumer friendly design, while keeping a garment light, washable,

and wearable without the need for heavy wired elements. A woven conductive may allow for placement or

affixing of multiple elements onto the apparel.

[000104] A conductive strip material 7 and a conductive connector point 8 may allow for the attachment of

modules, sensors, and electronic elements anywhere along a line of a conductive trace on the intelligent

garment.

[000105] A weatherproof and/or waterproof pouch or pocket 9 may allow for the addition of a sensitive

electronic or sensor elements and/or storage. A pockets or pouch may be situated in, on, and/or around any

portion of the internal surface or external surface of an intelligent wear product.

[000106] In some embodiments of a wearable garment system, wherein the flexible garment comprises a

plurality of body sensors for generating a plurality of body sensor signals, and the body sensors are connected

with a plurality of conductive traces wherein the sensor module is configured to receive the plurality of signals

from the plurality of conductive traces and process the signals to generate a feedback output wherein the

feedback output comprises one of an audio output, a visual output, and a tactile output. In some embodiments of

a wearable garment system, the wearable garment system further comprises one of a speaker and an earphone

connected with the sensor module wherein the audio output comprises a music output configured to be sent to

the earphone or speaker.

[000107] A speaker 10 may be embedded in, printed on, or attached to the apparel in any area, including but

are not limited to a collar section of the intelligent wear, inside a back collar, or inside a collar. A speaker may

provide for different sound effects. A speaker may include a base unit or a stimulator or a vibrator. A speaker

may have, but is not limited to, the form of a printed, a physical, or a wireless speaker attached to the garment,

etc.



[000108] An auditory receiver 11 (such as an earphone or an earbud) may be attached to the intelligent wear

garment. Such forms include, but are not limited to, fixed, retractable, printed, or physical wire elements, with

or without a housing.

[000109] A fixed or removable section of a modular element may work alone or together with a modular

connection point such as added memory 1 or other content storage capacity.

[000110] A fixed or removable section of a modular element may work alone or together with a modular

connection point such as an audio and/or video playback device 13 (e.g., an MP3 player or a video player). A

piece of apparel may have such a device designed into it or affixed to it, or such a device may be in proximity to

the apparel. Such a modular element may work alone, or may work in conjunction with another modular

element, and may be of a plug-and-play design, with ease of use for connection and detachment, and may reside

in the apparel, hems, etc.

[000111] In some embodiments of a wearable garment system, an output signal is configured to be sent away

from the wearable garment, such as to another individual, to a computer, or to a website.

[000112] A fixed or removable section of a modular element may work alone or together with a modular

connection point such as a microprocessor 14.

[000113] A fixed or removable section of a modular element may work alone or together with a modular

connection point, such as an accelerometer 15.

[000114] An intelligent wear garment or system may be controllable using a voice control 16, including but

not limited to commands either alone, or in conjunction with other buttons, switches, cell phones, computers,

and internet systems.

[000115] A fixed or a removable section of a modular element may work alone or together with a modular

connection point to facilitate the use of a Wi-Fi 17 or enable a Wi-Fi connection with another internal or an

external element.

[000116] A fixed or removable section of modular element may work alone or together with a modular

connection point to facilitate the use of Bluetooth 18 or enable a Bluetooth connection with another internal or

external element.

[000117] A fixed or a removable section of a modular element may work alone or together with a modular

connection points to facilitate the use of GPS 19 or enable a GPS connections with another internal or external

element.

[000118] Either a fixed or a removable section of a modular element 20 may work alone or together with a

modular connection points to facilitate the use of AM/FM/radio waves/frequencies 20 or enable a radio

connection with another internal or external element.



[000119] Either a fixed or a removable section of a modular element may work alone or together with

modular connection points to facilitate the use of near field technologies 2 1 or enable near field with another

internal or external element.

[000120] Either a fixed or a removable section of a modular elements may work alone or together with a

modular connection points to facilitate the use of a transceiver 22, a transmitter and/or receiver or to enable

transmission or receiver connections with another internal or external element for an item, such as, for example

a cell phone signals, a radio frequencies, a power waves, a diagnostic, etc.

[000121] Either a fixed or a removable section of a modular element may work alone or together with a

modular connection point to facilitate the use of radiofrequency 23 or enable radiofrequency use with another

internal or external element.

[000122] A dispenser unit 24 may be configured to dispense a gas and/or a liquid, such as in response to a

programmed element or sensor stimulus, manual and automatic response scenarios.

[000123] In some embodiments of a wearable garment system, the wearable flexible garment further

comprises a haptic actuator configured to provide a tactile sensation to the wearer based on the output signal.

[000124] In some embodiments, a garment may include a stimulator/vibrator 25 capability that may be

activated, such as by a transcutaneous electrical nerve stimulator (TENS) electrical stimulator, that responds to

a preprogrammed element or a bone stimulator for direct placement on a specific location on the body. An

activation signal can, for example, be triggered from a sensor to send a pulse, vibration, or electrical stimulus in

response to data to wake somebody up, prevent sleep such as in the case of a transportation environment such as

aerospace or automotive environments to prevent accidents.

[000125] In some embodiments, a garment may include a transdermal delivery function 26. Such a delivery

system may be triggered by a variety of inputs that include, but are not limited to voice activation, to sensor

data, timing devices, communication, location, etc.

[000126] In some embodiments, a garment may include on-demand heating and treatment capability 27 that

may be able to a respond to a preprogrammed element, voice activation, sensors, thermostat, and may be

directly placed on a specific location on the body or all around the intelligent wear.

[000127] In some embodiments, a garment may include demand cooling and treatment 28 capability that may

be a used in response to preprogrammed elements, voice activation, sensors, thermostat, and may be directly

placed specific location on the body or all around the intelligent wear.

[000128] In some embodiments, a garment may include shielding capability 29 that may be configured to

respond to a preprogrammed element, voice activation, sensors, thermostat, and may be directly placed on a

specific location on the body or all around the intelligent wear.



[000129] In some embodiments, a garment may include an absorption capability 30 that may be configured

to respond to a preprogrammed elements, voice activation, sensors, thermostat, and may be directly placed on a

specific location on the body or all around the intelligent wear.

[000130] In some embodiments, a garment may include a camera/video recorder 3 1 and projector capability

that may be configured to respond to a preprogrammed element, voice activation, sensors, thermostat, remote

input, and for direct placement on a specific location on the body or all around the intelligent wear. There may

be multiple cameras or projectors that may allow for the capture of multidimensional images such as 3-D, or the

projection of images such as holographic, or infrared (IR), or radiofrequency (RF) or other images in variety of

both visible with the naked eye, or in conjunction with glasses or other accessories that render the images

visible.

[000131] In some embodiments, a garment may include strobe light capability 32 that may be a response to a

preprogrammed element, voice activation, sensors, light meters, component identification, recognition software,

GPS, and for direct placement on a specific location on the body or all around the intelligent wear.

[000132] In some embodiments, a garment may include light indicator capability 33 that may be a responds

to include but not limited to input, output, stimulus, preprogrammed elements, voice activation, sensors,

thermostat, and for direct placement on a specific location on the body or all around the intelligent wear.

[000133] In some embodiments, a garment may include light strip capability 34 that can made up of, but not

limited to, phosphorescence inks, luminescence, power, bulb, etc. such as in specified areas that may configured

to respond including but not limited to input, output, stimulus, preprogrammed elements, voice activation,

sensors, time, and for direct placement on a specific location on the body or all around the intelligent wear.

[000134] In some embodiments, a garment may include a solar panel recharging/powering capability 35 for

primary or supplemental power supply that be may configured to respond to include but not limited to input,

output, stimulus, preprogrammed elements, voice activation, sensors, power levels, and for direct placement on

a specific location on the body or all around the intelligent wear.

[000135] In some embodiments, a garment may include electroluminescence panels 36 that may be

configured to respond to include but not limited to input, output, stimulus, preprogrammed elements, voice

activation, sensors, thermostat, and for direct placement on a specific location on the body or all around the

intelligent wear.

[000136] In some embodiments, a garment may include printed or wired antenna array 37 that may be

configured to respond to including but not limited to input, output, stimulus, preprogrammed elements, voice

activation, sensors, and for direct placement on a specific location on the body or all around the intelligent wear.

[000137] In some embodiments, a garment may include Wi-Fi capability and or indicator capability 38 that

may be configured to respond to include but not limited to input, output, stimulus, preprogrammed elements,



voice activation, sensors, and for direct placement on a specific location on the body or all around the intelligent

wear.

[000138] In some embodiments, a garment may include cell phone type of communication device 39,

allowing for the incorporation of a removable existing phone onto the garment and incorporation with the

intelligent wear, or the inclusion of cell communication functionality hardwired into the garment.

[000139] In some embodiments, a garment may include a text, still image, and video display capability 40

that can work alone or in conjunction with all the sensors, electronics, or elements inherent in the intelligent

wear. A display may work with all the communication, data, sensors, and programs or with a subset of the

communication, data, sensors, and program. For example, an audio message can be converted to text and

displayed, images from the cameras or projectors can be viewed, functional buttons can be incorporated, etc.

users can upload or transfer images from internal intelligent ware shirt to the screen, or accept transfers from 3'd

parties, or from software programs, add overlays or special effects, and project the image on the display.

[000140] In some embodiments, a garment may include capacitive switch capability 41, and other switching

technologies that can trigger any or all activation points on, in, or around the intelligent wear.

[000141] In some embodiments, a garment may include a control switch 42 that can be incorporated into, on,

around the intelligent wear, or be activated by individual elements added into the apparel.

[000142] In some embodiments, a garment may include a QR (quick response) code 43, QR code reader, and

other mechanisms to convey data either on or within the apparel, or trigger additional interaction with the

intelligent wear system, or drive data communication with a URL or a user's mobile communication device.

[000143] In some embodiments, a garment may include user known or hereafter devised smart phone 45,

tablet, or such other device that may be necessary or useful to interface the intelligent wear with a user's data,

information, or communication network.

[000144] In some embodiments, a garment may include a wristband/watch 46 or other accessories that may

be developed to bring additional functional capabilities to the intelligent wear system to allow, for example a

user to control an aspect of the intelligent wear system (e.g. any of those described herein as being part of the

intelligent wear system) using a control function on the watch or wristband or to provide an audio display, a

visual display, or a tactile sensation.

[000145] An intelligent apparel item may have any or all of the weather protection functionally of traditional

clothing (such as being sun protective, water resistant, water proof, wind resistant, wind proof etc.). Intelligent

apparel may also or instead have an optional transdermal delivery system. Additionally, the apparel may be

infused with such items as vitamins, minerals, electrolytes, and any and all forms of medications, topical

solutions, and may perform as transdermal delivery systems. In conjunction with the electronics and sensors, for

example, the transdermal delivery system might not only deliver medications and like items, but the intelligent



apparel may monitor the intelligent wear user before, during, and after delivery to insure proper dosage, and to

monitor one or more vital signs and/or specific medical or safety criteria

[000146] Intelligent apparel may also include a power and data collection and distribution system for the

apparel. The system may supply the required power to operate one to a multitude of electronics and sensors and

their associated accessories and/or to power the data communications. The apparel may house the electronics,

sensors, and accessories in a user friendly, comfortable, and stylish design. Such power and data may be

controlled by intuitive programming.

[000147] An intelligent apparel may house or host the smart module or the "brains" of the system. The

module may be expandable and adaptable to include new electronics, sensors, and software upgrades, and

manage compatibility with industry communications and data collection and distribution standards and security.

[000148] FIG. 2 shows an embodiment of an intelligent wear system in which an intelligent wear user is # 1

or at center of the social hub. With an intelligent wear system, a user may be able to identify and friend(s) user

#2 (who is also wearing intelligent garment) the friend's location or proximity to the # 1 user demonstrating a

proximity and location based technology.

[000149] Social media integration: Further, a user (e.g. user #lor user #2) can also sign into their personal

social media site such as Facebook or Twitter, and could share their location with friends, and also allow a

follow-me scenario. An intelligent wear user may allow an audio comment response that may automatically be

played back via the intelligent wear within a specific location(s), or allow a 'tweet(s)" or other responses to

appear on an intelligent wear display panel(s).

[000150] In some embodiments, a textual social media such as a "tweet(s)" may also be converted to audio

and played back via the intelligent wear, or an audio message may be converted to text for playback on a

display.

[000151] In some embodiments, an intelligent wear user may create a follow-me message(s), and may

respond to others who accept such opportunities, and may play back specific responses in either an audio or

visual fashion.

[000152] In some embodiments, an interactive sensor (touch point) on the intelligent wear can be designated

as a "Like" or a "Dislike" functional button, and may allow a third party to register opinions based upon tactile

interaction, or vote, or respond to a question(s) in a similar or the same fashion individually or in groups, with

the results being shared amongst the participants.

[000153] In some embodiments, an intelligent wear user can "check-in" by virtue of entering a location

versus needing to actually initiate a check-in process. Doing so can initiate a couponing, advertising, or some

other response. A similar reaction may be initiated upon the intelligent user exiting a location.

[000154] Location based technology: In some embodiments an intelligent wear user can identify if (that)

another intelligent wear user is located within a specific venue or retail location. The user/system may have the



ability to leave specific messages or downloadable content for an individual or group of intelligent wear users

that have been identified, and such content alerts may be given to the users upon breaching the perimeter of the

specified location in the form of audio, visual, or graphical information. An intelligent wear user may initiates

the transfer process by sending a "ping" to the other intelligent wear users to initiate an invitation to share

content or data (such as sharing a piece of audio content), manage the invitation acceptance/rejection process,

encoding and sending that data to the approved recipient.

[000155] Additionally, a similar (or the same) concept holds true with regards to allowing the venue or store

to leave a discounts and coupons for all or individuals that enter their locations, or as gifts with purchase upon

exiting a specific location.

[000156] In some embodiments, when an intelligent wear user travels to, enters, or leaves an event that is not

a fixed venue location, that user can send location information, data, likes/dislikes on or about the event, and/or

even download content that can be played back via the intelligent wear based upon the type of event (e.g. a

birthday party, a dance, a festival, etc.) or can send standardized messages representing moods and attitudes to

friends who may have or not have an intelligent wear system garment (product).

[000157] In some embodiments, another sharing scenario allows an intelligent wear user to tag and leave

specific content and messages for other intelligent wear users based upon a location or proximity, and then

allow for and manage the acceptance/rejection, downloading, and playback of the approved content.

[000158] Another sharing scenario is similar to the scenario described above, but includes the ability to

analyze the content and data, and return a response based upon the data result. For example, if an intelligent

wear user is running in a race or triathlon, and can receive data or message upon reaching a specific location or

way-point.

[000159] Intelligent wear location based services (SLBS) functions may include, but are not limited to:

location (e.g. of a person, object, friend, business, or event); heading (direction or distance, or turn by turn

directions); advertising (location based push or pull); request (nearest service or business); receiving (alerts,

sales, warnings, traffic); recovery (assets based); games (where location is part of a game); proximity-based

notifications ((push and pull) notification when something available); proximity-based actuation ((such as EZ

pass payments, tolls, etc.) or download content); create (point of interest information about location or

upcoming event); leave (point of interest information after an event); display (point of interest information on

the intelligent wear users phone or intelligent apparel); upload photos with content, events, to be left for others;

upload comments that can be displayed with uploaded photos at specific locations/events; zip code search

(distance or from center or origin to an event or sale, etc.); permission (user must give opt-in permission by law

to share and receive location based service information); geofencing concept (virtual perimeter around a

location, and identify when it is being crossed, and push), etc.



[000160] Multi-party share and synchronization (venue examples): an intelligent wear user may offer content

to one another, synch content with multiple parties with or without an invitation/acceptance concept, and

simultaneously play back content on multiple intelligent wear users at the same time. Such a concept may be

directed to sporting arenas such as soccer/football, and for music venues and concert halls. Content can be,

amongst others, in the form of light programming, display content, graphical elements, and audio. A venues

may be, for example: a stadium (connecting fans from the same team, coordinating fans activities through

synchronization of speakers (chants, formation, player's name, booing referee), through vibration codes

(l=waves, 2=chant, etc.) which may be specific to sport's cultural behavior, through intelligent synchronization

of LEDs on fans' T-shirts to display stadium messages (ex. "Goooaaalll!") or images (flag), mapping the fans

and using them as 'human pixels' in 'bleaches screens'.); concerts (coordinating fans through synchronization of

speakers in a sole chorus, through synchronization of LEDs on shirts to celebrate a song/artist enhancing an

existing behavior (turning on lighters); through intelligent synchronization of LEDs on fans' T-shirts to display

a song titles or messages; connecting friends and detecting positioning, allowing easy communication); mass

celebrations (coordinating masses to spread a unique social message in a sole voice; intelligent synchronization

of speakers and LEDs to coordinate/display messages, wave audio and/or lighting effects); couple celebrations

(intelligent wear salute (e.g. Valentine's day), 'override', synchronization of love songs); street or car encounters

(intelligent wear users may be alerted when friends or intelligent wear system users are nearby, allowing easy

exchange of messages or content); "Salute" (intelligent wear speaks or sings to a given person (friend, loved

one, team fans, annoying one, wearing another intelligent wear product ("Hi George", "I Love", "We are the

best", "loser"). Customers can share or choose official salutes and adapt them to occasions, moods.); "Override"

(override a negative expression/conversation or foul/inappropriate language with a loving one by detecting the

bad expression through profanity filters and voice recognition and programming the intelligent wear to respond

appropriately.); etc.

[000161] Unknown intelligent wear users can share controllable "personal" data with others whom they pass

or come into proximity to, including making or initiating a new "friend" connection.

[000162] Camera sharing functionality: With an additional enhanced feature such as the camera, facial

recognition can identify other friends, locations, etc. and signal their appearance, or initiate an audio or visual

response. Additional intelligent wear effects include the creation of a camouflage concept by having an image

from the camera behind you displayed in front of an individual, creating the illusion that the individual is

invisible. Alternatively, still images or moving images from the camera can be captured and played back on the

intelligent wear display, shared with others, amended, and processed through a special effects generator

creating everything from simple overlays to extensive graphical editing tools, and shared. With the intelligent

wear Wi-Fi capabilities, others can simply send images to the intelligent wear shirt for display.



[000163] Through a camera (e.g. on a T-shirt), a user may share his view and/or location and post it (also,

users may visualize and modify it on Instagram). With a video camera (e.g. on a T-shirt), a user may record his

view while walking or doing sport activities (e.g. skateboarding, climbing, running, etc.) and (instantly) post a

videos, such as on You-Tube channel through a hotspot on T-shirt: a 'subscribe' channel hotspot on T-shirt.

[000164] A camera auto may grab a QR code and/or other response technology and play back an audio

response based upon program requirements. A QR code may be used to initiate shopping or product purchasing

sequence.

[000165] Medical and safety concepts: With a basic GPS functionality, an intelligent wear user can, for

example, such as in the case of an elderly parent, determine if such a person left a specified location, and can

trigger a notification and response system in order to protect that individual.

[000166] Crowd-sharing and shopping concepts: An intelligent wear user and/or intelligent wear may

facilitate crowd-shopping and crowd -flash-sales such as via an announcement of a specific location based sale

of either/or physical intelligent user apparel systems, or the availability of specific downloadable content, or

software upgrades or functionality.

[000167] Voice and audio command functionality: None, some or all social media and functions may be

initiated by a vocal command or via an intelligent wear application.

[000168] Intelligent hot spot functionality: Further, an intelligent wear system may facilitate a social media

sharing action in any of a number of different scenarios. One such scenario allows an intelligent wear user's

apparel to act as an internet hot spot, allowing for multiple people in proximity to him to share his

internet/communications connections.

[000169] In some embodiments, a flexible wearable garment system further comprises a second flexible

wearable item (e.g. an accessory or garment) in electrical communication with the first flexible wearable item

(e.g. an accessory or garment). Such an electrical connection may be configured to allow power and data to be

transmitted. Such garments may be in electrical communication directly such as by a button, snap or another

electrical connector or may be indirect communication (such as through a wireless communication). A second

garment may be in electrical connection with a third (or fourth, fifth, etc.) flexible wearable garment or

accessory. FIG. 3 shows a flexible wearable garment system (an intelligent garment system) with various

garments in electrical communication with one another. An intelligent wear shirt 60 is electrically connected via

an electrical connector 70 with intelligent wear pants 62. Such a connector may be a substantially rigid

connector or may be a substantially flexible connector. Such an electrical connection may be, for example,

though a button, a complementary magnetic connection, a snap, a strip (such as a fabric strip), a wire, or any

other connection or may be made through a wireless connection. The intelligent wear shirt 60 is also electrically

connected via electrical connector74 with an intelligent wear glove and via electrical connector 76 with an

intelligent wear hat 68. Intelligent wear socks 64 are electrically connected via electrical connector 72 with



intelligent wear pants 62 which is in turn electrically connected via electrical connector 70 with intelligent wear

shirt 60. Each garment or accessory may contain any element as described herein or as known in the art, such as

a body sensor, an interactive sensor, a power trace, etc. An interactive sensor (or a body sensor or any other

element) may be any color, any texture, or any design.

[000170] An intelligent garment item may be a stand-alone intelligent apparel item or it may be an item that

works in conjunction with a second item. An intelligent garment may work with a user's other or existing

wardrobe item or accessories, for example as an additional layer or as a component attached to another or

existing wardrobe item or accessory. A first intelligent garment may have an element that can work with,

enhance, and/or support a second intelligent apparel item such as one that houses an intelligent electronic

module and activators, (other) electronics, microchips, and/or sensors such as included with an intelligent

electronic module.

[000171] An intelligent garment item may be any type of clothing or may be any type of accessory and may

be used for or configured for a specific purpose. An intelligent garment item may, for example, be a garment or

an accessory that houses an intelligent electronic module or may be a garment or an accessory that works with

an intelligent electronic module housed in another intelligent garment item. An intelligent garment may be, for

example, a top such as a bra, a camisole, a compression shirt, a hoodie, a long-sleeved shirt, an over-shirt, a

polo shirt, a shirt, a short-sleeved shirt, a T-shirt, a tank top, a turtleneck shirt, a V-neck shirt, an undershirt,

etc.; a bottom such as capris, leggings, pants, shorts, etc.; a hand wear such as, a glove, a mitten, etc.; a

headwear such as a balaclavas, a hat, a hood, etc.; a footwear such as, a boot, a foot glove, a shoe, a sock, etc.;

or may be a coat, a full body outfit, a jacket, a leotard, a jumpsuit, pajamas, a robe, swimwear, underwear,

and/or another specialized worker outfit, etc. An intelligent garment may include any type of accessory (such as

an ankle-lace, a bracelet, a flexible screen, a hearing aid, a microphone, a necklace, a speaker, a tie, a watch,

etc.) An intelligent garment may be used for any purpose, for example, for athletic wear, fire and safety use,

military use, personal protection, patient use, recreation use, etc.

[000172] An intelligent garment may have or may allow the incorporation of one or more intelligent wear

elements such as one or more body sensors, one or more interactive sensors, a power and data distribution

service, a communication control and management system, etc. An intelligent garment may have any or all of

the expected weather and environmental protection functionally of traditional clothing. A specific, functional

intelligent garment may have a stand-alone design. It may contain printed, woven, wired, and/or wireless nodes,

and/or other embedded or attached sensors and/or other associated electronics. It may contain a variety of

printed and/or programmable/controllable sensors and activators as defined herein or known in the art or

hereafter invented. An intelligent garment may be configured to work in conjunction with another item in an

intelligent system in multiple modes, such as a real-time mode, or may be configured to work alone such as

when not in a time sensitive mode. It may be managed via a data scheduling algorithm or programming.



[000173] An intelligent garment may include one or more than one electronic component or circuit which

may include a conductive material. Such a conductive material may be adapted or configured to make a

connection (e.g. an electrical connection) between two elements (e.g. devices, garments, items). A connection

may be, for example, a conductive material electrical trace (such as a conductive media (conductive ink) or a

trace made from a conductive media or conductive ink), a conductive silicone, or another type of conductive

material that can be deposited on fabric or incorporated into a fabric (e.g. by weaving or sewing or gluing

onto/into the fabric). A conductive ink may be "cableless" and may possess greater flexibility than a cable. A

conductive material on an intelligent wear garment item may be required to both conduct an electrical signal

(including for example, providing sufficient power) and be configured to allow the garment to conform to a

user's body. A conductive trace that is non-extendible in a vertical direction may be narrow in a horizontal

dimension (i.e. going around an individual). Such a narrow trace that is placed with its long axis in a vertical

orientation may allow a garment to substantially expand in a horizontal direction (such as when an individual is

stretching a garment and placing it over his head). A plurality of traces (or all traces on a garment) may be

oriented in a vertical direction in order to allow a garment to stretch in a horizontal direction. Such a trace may

extend from a front of a garment to a back of a garment (such as by traveling over a shoulder area of a garment).

In some embodiments, a conductive trace may be extendible in a vertical direction, a horizontal direction, in

both a vertical direction and a horizontal direction or in neither direction. A conductive material may be flexible

in a vertical direction, a horizontal direction, in both a vertical direction and a horizontal direction or in neither

direction. An electronic component may be substantially flexible or may be configured to maintain a shape

(e.g. be substantially rigid) when it is in place on a garment. A trace that is non-extendible in a vertical direction

may be narrow in a horizontal dimension (i.e. going around an individual). Such a narrow trace may allow a

garment to substantially expand in a horizontal direction (such as when an individual is stretching a garment

and placing it on his body). A trace that is non-extendible in a vertical direction may be narrow in a horizontal

dimension (i.e. going around an individual). Such a narrow trace may allow a garment to substantially expand in

a horizontal direction (such as when an individual is stretching a garment and placing it on his body). In some

embodiments, a garment may have a maximum extendibility (which may be incorporated into the garment size

indication), such as based on the extendibility of a trace or the extendibility of the fabric. In some embodiments,

an intelligent wear garment as described herein, does not include (does not have visible) any wires, cables,

and/or traces on an outside of the garment.

[000174] An intelligent garment may include one or more than one body sensor. A body sensor may be

configured, for example, to sense a user's position (e.g. a specific location or position on or of a user's finger,

arm, leg, torso, etc.) and a plurality of sensors may be used to sense a plurality of positions or locations (e.g. a

specific location or position on or of a user's finger, arm, leg, torso, etc.), a user's movement, a user's

physiological status including but not limited to a capacitive strain sensor, a conductive media (conductive ink)



capacitive sensor, a conductive media (conductive ink) electrode sensor, a conductive media (conductive ink)

resistive sensor, a fiber optic sensor, a metal electrode sensor, an optical sensor such as an optical probe sensor

or an optical source sensor (e.g., a laser, a light emitting diode (LED), etc.), a piezoresistive strain gauge sensor,

a semiconductor sensor (e.g., a force sensor, a gyroscope, a magneto-resistor sensor, a photodiode sensor, a

phototransistor sensor, a pressure sensor, and/or a tri-axis accelerometer). An intelligent garment may include 0,

1, 2, 3, 4, 5, 6, 7, 8, 9, 10-15, 16-20, 21-30, 31-40, 41-50 or more than 50 body sensors.

[000175] An intelligent garment may include one or more interactive sensor (touch point). An interactive

sensor (touch point) may be made from any material that allows a user to activate it such as by a user's hand or

proximity of a user's hand to activate the interactive sensor. An intelligent garment may include 0,1, 2, 3, 4, 5,

6, 7, 8, 9, 10-15, 16-20, 21-30, 31-40, 41-50 or more than 50 interactive sensors. An interactive sensor may be

made from, for example, a conductive silicone, a plate of conductive media (conductive ink), or another type of

conductive material. An interactive sensor (touch point) may be deposited on a fabric or may be woven into a

fabric or sewn or glued onto/into the fabric.

[000176] In some embodiments, an intelligent wear element (e.g. any element on or associated with an

intelligent wear item such as a sensor, trace, power supply, etc.) may be flexible and/or conformable. In some

embodiments, an intelligent wear element may be substantially rigid or may be configured to maintain a shape.

Such an element may have a relatively small footprint so that the intelligent wear garment maintains its

flexibility and/or is conformable to a user's body. In some embodiments, a substantially rigid element may be

on a portion of a garment configured to contact a relatively inflexible portion of a user's body (e.g. a mid-back,

a lower back, an upper back, along a femur, along a tibia, along a foot, along a skull, etc.). For example, an

element may be in the back of a shirt and configured to line up with a user's relatively inflexible mid back

region). In some embodiments, a substantially rigid element may be on a front of a garment. In some

embodiments, the total garment surface area of an element (e.g. as measured by the surface area of the portion

of the garment the element covers or ) of one or all rigid elements is less than 1 cm2, from 1 cm2 to less than 2

cm2, from 2 cm2 to less than 3 cm2, from 3 cm2 to less than 4 cm2, from 4 cm2 to less than 5 cm2, from 5 cm2 to

less than 10 cm2 or from 10 cm2 to less than 20 cm2, on either a garment front or a garment back or both

together.

[000177] An intelligent apparel item may be provided with motion detection sensors such as accelerometers,

gyroscopes and magnetometers to detect the body position and movements and provide immediate feedback.

[000178] Another aspect of the invention provides a flexible, compressive shirt configured to continuously

conform to a user's body when worn by the user, comprising; a plurality of body sensors on the front of the

shirt each configured to sense a user's physiological status and thereby generate a plurality of physiological

sensor signals; a plurality of body sensors on each sleeve of the shirt each configured to sense a user's motion

and thereby generate a plurality of motion sensor signals; a plurality of elongated conductive traces on the



garment each contained in a seam, the traces running from a plurality of body sensors in a substantially vertical

direction to a sensor pocket and configured to communicate the sensor signal from the sensor to a sensor

module for analysis; and an interactive sensor on the front of the garment configured to transmit an interactive

sensor signal to the sensor module when the user's hand activates the sensor with a touch.

[000179] Another aspect of the invention provides a flexible garment configured to continuously conform to

a user's body when the garment is worn by the user, the garment comprising: a body sensor on the garment

configured to sense one of a user's position, a user's movement, and a user's physiological status and thereby

generate a body sensor signal; a conductive trace on the garment, connected with the sensor and configured to

communicate the body sensor signal from the sensor to a sensor module for analysis; an interactive sensor on

the garment configured to transmit an interactive sensor signal to the sensor module when the user's hand

activates the interactive sensor wherein the sensor module is configured to control an audio output and/or a

visual output in response to the interactive sensor signal; and a pocket on the back of the garment configured to

hold the sensor module.

[000180] An intelligent apparel item or intelligent apparel system (sartorial communications apparatus) may

act as an independent body measuring mechanism. Such a mechanism may allow sensors to (automatically)

register appropriate body baseline measurements, including but not limited to, arm and joint length, body mass,

chest expansion, displacement, sizing/tailoring measurements, stretch measurements, and/or the deviation from

a standard data set.

[000181] An intelligent garment item may include optical fibers or a bundle of optical fibers; an actuator (e.g.

a vibrator, a pressure and/or trigger point device); a peripheral or accessory (e.g. a speaker, a microphone, a

display, a keyboard, a switch, a camera, an illuminating system, etc.).

[000182] Additionally, an intelligent apparel item or intelligent apparel system may be infused locally or

throughout with a desired substance, such as another aromatic element, a deodorant, an electrolyte, a gel, a

medication, a mineral, an ointment, a lotion, a perfume, a topical solution, or a vitamin. In some embodiments,

an intelligent apparel item may perform as a transdermal delivery system, including, for example, as an

iontophoretic delivery system. In conjunction with the intelligent wear electronics and sensors, a transdermal

delivery system connected with an intelligent garment item can not only deliver medications and other item to a

user, but the intelligent garment item can monitor the intelligent wear user before, during, and after delivery to

ensure proper dosage, and to monitor desired vital signs and/or specific medical or safety criteria. Such

monitoring may also be done in the absence of a transdermal delivery system.

[000183] An intelligent apparel item may contain a reservoir of desired material. A material may be, for

example, an aerosol, a gas, a gel, a liquid, a plasma, a solid, etc. Such materials may be delivered to the user or

to an area near a user. For example, an intelligent apparel item may include a burst and leak resistant "release"

pouches. Such a pouch may comprise an internationally approved (such as with certified hazard analysis)



disbursement mechanisms for a non-flammable aerosol/gas/ and /or liquid dispenser (release pouch). Such a

pouch may be triggered to release its contents via sensor feedback and invoked responses. Such a pouch may be

used for any reason, such as for an emergency management application, firefighting, medical use, military use,

personal safety, security, etc.

[000184] An intelligent apparel item may contain a temperature control application. Such an application may

include a "heat zone" or "cold zone" application, either alone or in conjunction with each other. An intelligent

apparel item may be configured to utilize or incorporate a phase change material. A "heat zone" or "cold zone"

application may activate or adjust such a phase change material, such as in conjunction with other sensors

(electromyography, goniometry, thermostat, temperature, skin galvanic, etc.)

[000185] An intelligent apparel item may contain. . .which may be activated based upon disability sensors

indicating a reduced or over-extended range of motion or misaligned angular measurement. These sensors may

work together or alone to immediately pinpoint areas of fallibility and evoke therapeutic responses.

[000186] An intelligent wear item may include a shielding property. Such a shielding property may include

protection from digital hacking such as of a sensor, data, within a wide area human node (WAHN) on or near an

intelligent wear item. An individual or a group may form such a shielding property such as a "digital barrier"

zone. Forming such a zone may include forming jamming effects, forming transmission effects, or forming both

types of effects. Such a zone may allow for the simultaneous receipt of allowable transmission/telemetry/data

while simultaneously transmitting jamming signals.

[000187] An intelligent apparel item may include one or more elements configured to provide an action to a

user, such as a defibrillator action, a stimulatory action, a vibratory action. For example, an intelligent apparel

item may include a transcutaneous electrical nerve stimulation (TENS) unit, which may be useful, for example,

for providing therapeutic nerve stimulation for healing and/or physical therapy. Any stimulator can work alone

or conjunction with another sensor or function such as a heat zone or a cold zone for the activation of multi

point therapeutic concentrations.

[000188] Various functions or functional components may be incorporated into an intelligent apparel, or may

be left as standalone elements integrated into the system, such as follows. A WAHN may be integrated.

Multiple intelligent apparel users may work in concert with the included intelligent apparel sensors, in addition

to having the benefit of the data acquisition based upon their individual sensor readings, to create a wide area

human node ("WAHN") by having multiple intelligent apparel users in proximity to one another. Such a

WAHN may have amassed centralized or distributed data collection and mining. Such a WAHN may be utilized

in conjunction with an intelligent system telemetry and data response system. A hot spot may be integrated. A

group of intelligent apparel users may create a hot-spot, such as an internet hot-spot. Such a hot-spot may be

private or public. Such a hot-spot may allow for a controllable access and consumption zone, such as for

internet/Wi-Fi/cloud access. Such a hot-spot may be configured to act as a signal booster and/or repeater station,



and may allow for the development of an instant wide area network shared via the intelligent apparel group.

Such a hot-spot may provide an environment configured to be controllable as a one-to-one private access, or

configured to be controllable as a one-to-many private/share experience. Such a hot-spot may be created on its

own or conjunction with a WAHN. An intelligent system event manager may be integrated. An intelligent

garment system may also be configured so that specific functional data points are assigned to different

intelligent wear users in different or defined locations or environments, but when acting together in a

WAHN evoke a response that is managed by the Intelligent System Event Manager. The Event Manager

may have both predetermined conditional response elements, as well as Intelligent Apparel user

programmability, or be managed or modified such as via a designated third party in conjunction with encrypted

and password protected access. Such Event Managers can be machine learning based upon inputs, may be self-

diagnostic and/or may be remotely programmable.

[000189] An intelligent apparel item may house or host a smart module (the "brain" of an intelligent apparel

system). Such a smart module may be expandable and adaptable such as with a modular electronic element,

sensor, and software and firmware upgrades, and may have manage compatibility with industry adopted

communications protocols and data collection and distribution standards and security. An intelligent apparel

system may comprise any or all of intelligent apparel item, smart module and an associated intelligent control

software, a power and data distribution system and intelligent sensors.

[000190] An intelligent garment may be a foundation item or a layer added to an existing garment. It may be

above, below, on, in, or extension of another (existing) garment or accessory, or any combination thereof. It

may be positioned anywhere on, in proximity to, or in direct contact with the intelligent garment user's body or

extremities, and may include specific and multiple sensors and activators locations, and may include or allow

for the incorporation of elements such as mentioned elsewhere in the disclosure or as known to one of skill in

the art, including, for example, a printed antenna, an identification tag, an RFID elements and/or other elements

not already embedded within a sensor.

[000191] In some embodiments, an intelligent garment may be a stand-alone garment, such as a single-layer

compression garment or any other type of form-fitting or adherent-to-the skin garment, as described elsewhere

in the disclosure (e.g. such as a short-sleeved shirt, a long sleeved shirt, a V-neck shirt, a turtleneck shirt, a tank

top, shorts, underwear, leggings, leotards, gloves, feet gloves, a balaclavas, a hoodie, etc.). An intelligent

garment may include electronics and connections, sensors, touch points, optical fibers, actuators, and/or

peripherals. Any such items may be located on an internal surface of the garment, an external surface of the

garment, or may be contained (e.g. embedded or woven) within the garment. In some embodiments, an

intelligent garment may include one or more body sensors and one or more interactive sensors (touch points).

Such an intelligent garment may include a.) specific or multiple electrodes, conductive ink resistive sensors,

conductive ink capacitive sensors that may use a direct skin contact placed on an internal surface of the garment



for data gathering (e.g., brain electrical activity, heart rate, motion detection, muscle electrical activity, oxygen

saturation, skin conductance, skin temperature, tissue oxygenation, etc.) and/or for haptic feedback, such as a

vibrating activator or actuators and, b.) specific or multiple electrodes, conductive ink resistive sensors, and/or

conductive ink capacitive sensors, which may be printed or incorporated on an external surface of the garment

and useful as an interface for a user input (e.g. an interactive sensor or touch point). Such an interactive sensor

may provide visual and audio feedback.

[000192] In some embodiments, an intelligent garment may have a single garment with a double layer (or

may have more than two layers) and may allow for a differentiated collection of intelligent garments (such as, a

buttoned-up shirt, a coat, gloves, a hoodies, pants, a polo shirt, shoes, shorts, a vest, etc.) each with an internal

(compression) support layer. An external layer may be configured to conform to a user's body or may be

configured to not conform to a user's body. Each layer may include a specific category of elements such as

sensors, probes, electrodes, conductive ink resistive sensors, conductive ink capacitive sensors, and/or actuators.

The internal layer (e.g. conformable or compression layer) may be configured to allow for direct skin contact

when the garment is worn by a user, and the external layer may be configured as a user interface and/or

feedback provider.

[000193] In some embodiments, an intelligent garment may be configured both to be used as a stand-alone

item as well as be used in conjunction with one (or more than one) other intelligent wear item in an intelligent

wear system (e.g., intelligent wear pants and an intelligent wear shirt worn with intelligent wear shoes, or an

intelligent wear polo shirt worn with intelligent wear shorts or intelligent wear pants).

[000194] In some embodiments, a first intelligent garment, whether configured to be worn alone or worn in

conjunction with a second intelligent garment (or configured for both), may have two layers or may have more

than two layers. A first or internal layer, such as a flexible layer for example, may be configured to conform to a

user's body. Such an internal layer may provide contact or close proximity between an element such as a body

sensor on the layer and a user's body. A second or external layer may be configured to fit loosely over a user's

body (as well as over an internal layer). Such a second layer may provide a looser-fitting, more comfortable,

more fashionable and/or more socially acceptable looser outer garment. Such a system of two or more layers

may provide a looser-fitting, more comfortable, more fashionable and/or more socially acceptable looser second

(outer) layer while simultaneously providing a conforming first layer having a pathway for elements to function

by contacting or coming in proximity to a user's body. Any of the layers of an intelligent garment may contain

any of the elements described herein or as known to one of skill in the art. A garment may also have more than

two layers. For example, a middle layer (or an outer layer) of a garment having multiple layers may provide a

hidden interactive sensor (touch point) configured to transmit an interactive sensor signal when a user's hand

activates the hidden interactive sensor or a user's hand comes into proximity to the interactive sensor. Two

layers or more than two layers of an intelligent garment may be integral with one another (e.g. sewn or



otherwise fixed together with one another) or may be configured to be temporarily attached with one another

(e.g. using snaps or buttons) or may simply be separate items of apparel worn simultaneously. Separate or

attached but separable layers of apparel may be advantageous, for example, by allowing the user flexibility to

use each of the layers with another item of apparel (mix-and-match). For example, a user may be able to have a

smaller number of relatively more complex or more expensive inner layers (including sensors, connectors, etc.)

(which inner lay may not be generally visible to another person when worn) and a larger number of external

layers that provide more choice and variety in the user's appearance. A user may have two (or more) internal

layers that have different configurations of elements. Each internal layer can be used with a different external

layer. An outer layer may be configured to cover an inner layer. An outer layer may be configured to only

partially cover an internal layer. An outer garment or outer layer may be specifically designed to "match" or

complement or otherwise be considered attractive or fashionable when worn with an internal or other intelligent

garment.

[000195] Any system of two or more intelligent wear items (including but not limited to items described

elsewhere in this disclosure) may be used together. Such an intelligent garment may have a single layer or may

have two layers or have more than two layers. An internal layer, such as a flexible compression layer for

example, may be configured to conform to a user's body. A stand-alone item, as well as the intelligent wear

system as a whole, may have a power (and data) distribution system that supplies and routes the required power

and data paths in order to operate the various elements, such as the multitude of electronics and sensors,

actuators, conductive ink resistive sensors, conductive ink capacitive sensors, electrodes, and probes located in

the various garments and to manage the data flow between the sensors and the smart module, and the

communication ports and protocols that manage the system.

[000196] In some embodiments of an intelligent wear system (such as, for example, a shirt and shorts) an

internal compression layer of a multi-layered top garment (such as a shirt) may act as a cross-connection

component between the top garment and a bottom garment. An internal layer may extend in length lower than

the external layer, such as down to the hips, and may be configured to support the power and data distribution

system between the different pieces of garment. A proper connecting system may include but is not limited to a

conductive glue, a snap, and a solder element and may allow or provide an electrical connection between

different components of the intelligent apparel system and/or between an intelligent apparel component and an

intelligent accessory.

[000197] As described, an intelligent garment may be flexible and/or configured to conform and/or

configured to continuously conform to a user's body. An intelligent garment may comprise any material that is

flexible and/or able to conform and/or able to continuously conform to a user's body, such as those known to a

person having skill in the art. Such a flexible or conforming garment may be especially comfortable and/or

attractive.



[000198] In some embodiments, an element, hardware, etc. on an intelligent garment may be flexible and/or

configured to conform and/or configured continuously conform to a user's body. In some embodiments, an

element, hardware, etc. may be hidden or out of view. In some embodiments, an element, hardware, etc. may be

visible and may be attractively presented. Generally in the art, an element such as body sensor, an interactive

sensor, a conductive material etc. is inflexible (rigid) and/or non-extensible. It may be inflexible and/or non-

extensible (or may have an inflexible and/or non-extensible housing) to contain it, protect it from jarring,

protect it from a stray signal, prevent it from shorting, protect it from sweat, protect it from a cleaning agent

such as soap, protect it from water, etc. An element may be connected with another element or other item by a

wire which may be protected by a bulky and/or relatively inflexible insulation. Such a material may be

uncomfortable to a user due to their inflexibility (rigidity) and/or lack of extensibility when used by a user.

Generating a conductive trace may require a balance between material qualities such as conductivity, flexibility,

smoothness, and washability. For example, a sensor or wire connected to a music player such as an iPod or

phone worn by a user cannot extend when a user moves. Instead, the user is constricted in movement by the

wire, or allows an "extra" loop of wire to hang down so that the individual can move without constriction by the

wire. Such a rigid or inextensible element may be annoying, clumsy, dangerous, and/or unattractive to a user or

others. For example, a hanging wire connecting a music player may easily get in a user's way or caught by a

user's hand. The wire may then pull the music player to the floor, pull on the speaker, entangle the user, etc. An

inflexible (rigid) and/or non-extensible element worn by a user may be constrictive and uncomfortable because

it cannot extend to conform to the user when he moves or bends.

[000199] In particular, the intelligent apparel and systems described herein may overcome problems inherent

in trying to connect an element such as a sensor to another element such as module while maintaining an

attractive appearance, conformability, comfort, and/or extensibility of the apparel. An intelligent apparel may be

specifically designed to overcome problems inherent in trying to bridge seams with conductive materials with

elongation issues, while maintaining comfort and performance. Any or all of these functional components may

be incorporated into the intelligent apparel, or may be left as standalone elements integrated into the system.

[000200] In some embodiments, an element, hardware, etc. integral to, contained on an intelligent garment

may be inflexible and/or inextensible. Such an element or hardware may be placed, for example, on a region of

the garment configured to contact a portion of a user's body that is relatively unmoving or inflexible. Such an

element or hardware may be connected with a flexible or extendible element. For example, an inflexible smart

module may be placed on the back of garment and may be connected by flexible and/or extendible traces to a

front of a garment. Such a trace (or other element such as electronic element or device) may be placed or

contained within a seam, such as a welded seam. Such a seam may enclose the trace to prevent the trace from

contacting the body which may be uncomfortable or to prevent the trace from being visible, which may be

unattractive to the user or to another.



[000201] An intelligent apparel system may comprise any or all of one or more intelligent apparel items,

accessories, or garments (and associated elements), a smart module, an associated intelligent control software, a

power and data distribution system and one or more actuators, conductive ink capacitive sensors, conductive ink

resistive sensors, electrodes, fiber optic sensors, optical probes, other probes, and/or intelligent sensors.

[000202] FIG. 4 shows an embodiment of an intelligent wear shirt platform. Such a wearable intelligent

platform includes a wearable intelligent garment; sensors on the wearable intelligent garment such as body

sensors and interactive sensors; a flexible conductive connector on the wearable intelligent garment in the form

of an ink trace for connecting sensors to the sensor module; a sensor module for managing the sensors; and an

output in the form of an actuator. The shirt includes a communication platform 8 1 configured to control

communications, such as internal communication (e.g. integral to or within any garment or accessory) and

external communication to an external communication system 90 (e.g. with a computer, the cloud, etc.). A

communication platform may be an electronic system, such as a phone that may be embedded in a garment or

may be removable. A communication system may include an application (app) configured to process data and a

sensor, such as an inertial measurement unit (IMU). FIG. 4 also shows a sensor manager 83 in electronic

communication with communications platform 81. FIG. 4 further shows an interactive sensor 84, a body sensor

85 such as a conductive media trace (conductive ink) trace used as an EKG sensor in electronic communication

with the sensor manager 83. FIG. 4 also shows a peripheral element 88 such as a speaker or microphone

electrically connected with the sensor manager 83 via a (flexible) electrical trace. An intelligent wear module

(module, SWM) may house electronics and a microprocessor(s) configured to operate an intelligent wear

garment or intelligent wear system (including any intelligent accessories) may include a communication system

81, a sensor manager 83 and optionally a sensor 85. In some embodiments, such a module may comprise a

housing configured to be easily removed (e.g. in one piece). FIG. 4 also shows power supply 82, which may be

useful for supplying power to the communication system, sensor manager, sensors, peripherals, etc. Such a

power supply may be part of the module or may be separate from it and may supply power through a trace 86.

[000203] A sensor manager may be configured to provide one or more than one the following principal

functions. A sensor manager may be configured to receive and synchronize various analog and/or digital signals

and/or data (e.g. samples of signals measured at a given programmable sampling rate, which may be, for

example continuously or intermittent or may be binary (on/off) such as in the case of an interactive sensor). A

sensor manager may be configured to provide front-end functions for an analog signal, that include but are not

limited to amplification of a signal from a peripheral sensor located elsewhere on an intelligent wear item, such

as an accelerometers and photodiodes, a printed sensor, and/or printed electrodes and/or touch point signals,

filter an analog signal such as from an analog low-pass filter, high-pass filter or band-pass filter or stop-pass

filtering a signal from a printed sensor and/or an interactive sensor (touch point), and/or multiplexing of

different signals, such as, for example those coming from various printed sensors, interactive sensors (touch



points), etc. A sensor manager may be configured to convert an analog signal into a digital signal, such as a

digital signal coming from any peripheral sensor such as an accelerometer, a photodiode, a printed sensor, an

interactive sensor (touch point), etc. A sensor manager may be configured to provide a power supply to one or

more elements in or on an intelligent wear system item such as in or on a garment or an accessory. A sensor

manager may provide a power supply, for example, by interfacing with a power source (e.g. a battery) and

sending electrical power from it to a peripheral sensor, such as to an accelerometer, a photodiode, a printed

sensor, a physical sensor, and/or an interactive sensor (touch point), etc. on an intelligent wear item. A sensor

manager may be configured to pre-process data by implementing functions that include but are not limited to

digital filtering of analog and/or digital signals, coding of interactive sensor (touch point) signals, conversion of

continuous data into time series data, etc. sensor manager may be configured to communicate by specific data

communication protocols. A sensor manager may be configured to transmit and/or control a signal and to send

appropriate feedback to the user based on the signal, such as via a haptic activator or actuator or touch pad on an

intelligent wear item, an audio output, a visual interface, etc. Such an actuator may be connected with the

module, for example, by a vertical trace. A haptic actuator may transduce an electrical signal (e.g. from a

module) into a mechanical force. A haptic actuator may provide a feedback such as a force, a vibration, or a

motion to a user's body such as an arm, a face, a finger, a foot, a hand, a head, a leg, a neck, a thumb, a toe, and

a torso. A haptic actuator may be an electroactive polymer, an electrostatic actuator, a piezo actuator, etc.

Haptic feedback may be sent to a single actuator or to a plurality of actuators and may be based on sensor

signals from one or from more than one sensors. Haptic feedback may be provided to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

or more than 10 haptic actuators. For example, a sensor module may process sensor signals from a plurality of

position-based sensor on an arm of a user, such as a user performing yoga, and may send signals to a plurality

of haptic actuators to encourage the user to move the arm to a different position.

[000204] An intelligent wear item or intelligent wear system may include an intelligent wear manager. A

sensor manager may be part of an intelligent wear module or may be separate from it. Such an electronic

module may manage actuators, conductive media (conductive ink) resistive sensors, conductive media

(conductive ink) capacitive sensors, electrodes, probes, sensors, and any other components and activities. An

intelligent wear module may be configured to run on, for example, a rechargeable battery and/or a disposable

battery.

[000205] An intelligent wear module may be configured to have one or more of the following functions: An

intelligent wear module may be configured to facilitate communication between items within an intelligent wear

system and/or from/to an intelligent wear system to/from outside an intelligent wear system (e.g. the cloud, a

computer, a phone, a tablet, etc.). An intelligent wear module may be configured to facilitate communication,

for example via one or more standard protocols and/or one or more novel or proprietary protocols, such as via

Bluetooth, infrared (IR), a mobile phone equipped with a SIM card reader (such as for immediate connection to



the cloud via a global system for mobile communications using any carrier or subscription such as global

system for mobile communications (GSM); general packet radio service (GPRS); enhanced data for GSM

evolution (EDGE); universal mobile telecommunications system (UMTS); any other advanced mobile system

network); radio frequency (RF), sonic signature, Wi-Fi, etc., or any other protocols as appropriate. An

intelligent wear module may be attached to, be in proximity to, or manufactured within, an intelligent garment,

an intelligent wear accessory, Wi-Fi, etc. An intelligent wear module may contact or be in proximity to other

elements or components of an intelligent wear system, such as, a power and data distribution system (PDDS),

associated power traces, intelligent sensors, etc.

[000206] An intelligent wear module may be configured for integrating, storing, playing back, managing

(uploading, downloading, distributing, accessing, comparing, analyzing, etc.), and controlling one or more of:

1.) activators, capacitors, 'power traces' and any associated power and sensors, probes, transmission and

receptions points, such as two ways communication, etc. 2.) any intelligent sensors and any of their various (and

numerous) data collection and transmission points via SM, 3.) local data and content storage (memory), 4.)

transmission and receipt of external data and content, 5.) programming of the content assignment with the

intelligent apparel interactive sensors (touch points), 6.) (immediate) converting of biometrics and motion data

into "Expressions" (see below), 7.) generating audio, haptic, and/or visual feedback based on a training session

or other downloadable program, 8.) initiating and controlling transdermal control processes, 9.) local or external

compliance, comparative, and irregularity feedback analysis based upon data collection or programming, 10.)

managing plug and play aspects of electronics and intelligent wear module enhancements, and 11.) facilitating

the social media elements such as sharing, location based services, and interactions, and 1 ) compatibility with

industry accepted protocols. In some embodiments, an internal intelligent wear module may be configured to be

scalable and expandable. In addition to core functionality and processing power of the intelligent wear module,

additional enhancements or functionalities may be included in an intelligent wear module or may be added (e.g.

in a plug-and-play environment) to the intelligent wear module to, for example, increase functionality of the

module and/or control additional enhancement (elements) added elsewhere in the intelligent wear system. Such

enhancements and functionalities include, but are not limited to, battery power, a bone stimulator, Bluetooth, a

camera, a cold pack, a defibrillator, a dispenser, a display, earphones, global positioning system (GPS), a heat

pack, infrared (IR) functionality, a jack (e.g. for a microphone, a light/LED, photo, etc.), radiofrequency

functionality (RF), a speaker, an additional sensor , a vibrator, a solar cell, a transdermal delivery systems, and

Wi-Fi. In some embodiments, an intelligent wear module may include a software development kit and/or

intelligent control software.

[000207] An intelligent wear module may include a software development kit (SDK) configured to allow the

creation of an additional application ("app") for the module. Such an application may be based on an existing

(commercial) software package or may be based on a proprietary software package. Such an application may be



made on a fee basis or may be made free to the user community. A developer (e.g. a member of the developer

community) may develop applications using default or optional actuators, sensors, or other elements from the

intelligent wear system specific to certain uses such as for 1.) a group activity such as a virtual game, an activity

competition, a sports challenges and rankings, etc., or for 2.) a personal activity, such as a specific control

system for healthcare, a specific control system for entertainment purposes, etc.

[000208] An intelligent control software may include but is not limited to a software concept designs (e.g. a

proprietary software as part of the module) that facilitate: (user) creating (e.g. by the user) of an audio file from

the user's voice, creating sounds effects, editing and managing user content such as grabbing a "needle drop"

or specific section of music from a user's library, assigning a sound effect to a body part, modulating a musical

response based on a user's movement (such as increasing the volume or the brightness of sound based on the

user raising his arm), activating specific bio-feedback as a musical outputs (such as a (musical) rhythm based on

a user's heartbeat), etc. Other types of software may allow: controlling an LED lighting on a shirt (by a user) to

play back or synchronize the lighting with a voice or music, controlling a camera configured for facial

recognition and triggering an audio effect, a light effect, or a Facebook response when someone known is

recognized, etc. A specific functional software category may include but is not limited to, supporting

entertainmentwear, healthwear, heatwear, safetywear, securitywear, and/or sleepwear. Such software may, for

example, create an automatic response (an automatic trigger) that may be based on, for example, a sensor

response or a biometric analysis. Such an automatic response may initiate a product purchase, a food delivery, a

medical doctor notification, or a motivational item. In some embodiments, an automatic response may include a

list of suggested items or alternative activities to those initiating the automatic response.

[000209] An intelligent garment or apparel system may include a power and data distribution system

("PDDS"). Such a power and data distribution system may be applied to or incorporated into an intelligent

apparel item. Such a power and data distribution system may supply and/or route any power and/or data paths to

operate the multitude of electronics and sensors used in conjunction with an intelligent apparel. Such a power

and data distribution system may facilitate communications between actuators, conductive ink capacitive

sensors, conductive ink resistive sensors, electrodes, nodes, sensors, a wide area human node (WAHN) and/or

any of their associated accessories. Additionally, a power and data distribution system may manage data flow

between sensors and the smart module, the communication ports, and the protocols that manage the system.

[000210] Within a power and data distribution system, an intelligent wear system may utilize a "power

trace". Such a power trace may act as a connection point(s) for and between intelligent wear sensors. Such a

power trace may be configured to be a sensor. In addition to being a conduits for the flow of power and data

transmissions, a power trace may also create an interactive sensor (touch point) that can be activated through

any or more mechanisms including but not limited to capacitance, direct touch, gesture controls, light (spectrum

specific), proximity, and sonic signatures/sound. A gesture control may allow a user (or another individual) to



control an aspect of the intelligent wear system with a gesture, such as shaking a hand up and down to function

as 'increase the volume' and 'decrease the volume'. Gesture control recognition may be standardized (e.g.

determined by the module or an application such as from a library of pre-recorded and/or standard gesture based

commands) or may by user control (e.g. a user may be able to determine how a module responds to a particular

gesture). A library of recognizable gestures may include, for example, gestures from sign-language. A gesture-

based command may comprise a recording of data from movement detected from intelligent wear

accelerometers during a gesture event. Such a recording may be authenticated by a user and stored. Such a

command may then be detected by recognition algorithms to execute a particular operation. A gesture based

command may be based on data from an intelligent glove, which may comprise a plurality of accelerometers

(such as on each finger, the palm, etc.) An intelligent wear button or trigger point on a garment (such as a shirt)

can be programmed to elicit a specific response or functionality, such as activating a sound file, turning a

display on or off, initiating a content or data transfer, initiating a transdermal flow, soliciting biometric

feedback, controlling (changing) a volume level (volume control), controlling lighting, controlling a heat level,

controlling a sensitivity level for a sensor, transmitting data, and managing connections and communications for

and between a smart module, the internet, a cell phone, and/or a user's smart phone (such as for an internet

upload and downloads, etc.). Such an intelligent wear button or trigger point may take the place of a specific

hard mounted button or switch. A power trace may comprise one or more than one component known to one of

skill in the art or hereafter devised such as 1) an electrically conductively media (electrically conductive ink), an

additive, or a material embedded in, on, or around a textile fibers within an intelligent apparel, a fiber optic such

as via one or more of a core, dye, nano configuration, resin, spray, thread, or via such other manufacturing

and/or deposition application such as embossing, heat transfer, pressing, screen printing, sublimation, weaving,

working alone or in conjunction with or via 2) a topical conductive component added, affixed, or sewn onto the

intelligent garment including but not limited to carbon fiber, flex film a molded part, nano tubes, a printed

circuit board, a rigid material, etc. material, and/or 3) working wired material (such as a material known to one

of skill in the art) and a harness such as a carbon fibers or the like, which may be produced directly onto the

intelligent apparel, applied via digital or direct print, or produced on a substrate (such as in the form of a

transfer sheet or the like), and applied to the intelligent apparel via, for example, an industry acceptable

mechanism such as a heat transfers, a sonic welds, or a method known by those skilled in the art. In some

embodiments, a transfer may be electrically tested prior to being placed on an intelligent apparel item. Such

testing may allow higher quality or less expensive intelligent wear manufacture since only good-quality

transfers (e.g. electrical traces) will be transferred onto a garment; garments will not be rendered useless by a

defective trace. A trace may additionally comprise an adhesive or glue which may be solidified to create a trace

or may be useful for holding a trace onto a garment.



[000211] In addition to a power functionality and a communication functionality, a power traces can be

designed in such a way so as to create a heat panel within the apparel. For example, when working in

combination with a phase change material, a power traces can be used to regulate and hold a hot or cold

environment within the apparel. Such a power trace may further work with a sensor, such as a thermostat, to

create a further personal environmental control or to respond to a sensor input with an application of heat or

cold to a specific location(s) within or on the intelligent apparel.

[000212] An intelligent garment or apparel system may include one or more than one intelligent sensor. A

"power trace" (such as described elsewhere in the disclosure) may be used to supply power to a printed and/or

physical sensor and/or a detector array strategically located on the apparel ("intelligent sensor"). Such a sensor

may include a sensor that is not self-powered. Such a sensor may be configured to measure any of a host of

physiological properties of the intelligent wear user that include but are not limited to, 1). Heart rate, 2).

Respiratory rate, 3). Inspiratory time, 4). Expiratory time, 5). Tidal volume, 6). Rib cage contribution to tidal

volume, 7). Abdominal contribution to tidal volume, 8). Perspiration, 9). Pulse, 10). Moisture, 11). Humidity,

12). Elongation, 13). Stress, 14). Glucose Levels, 15). pH balance, 16). Resistance, 17). Wear,

18). Motion, 19). Temperature, 20). Impact, 21). Speed, 22). Cadence, 23). Proximity, 24). Flexibility, 25).

Movement, 26). Velocity, 27). Acceleration, 28). Posture, 29). Relative motion between limbs and trunk, 30).

Location, 31). Specific responses or reactions to a transdermal activation. 32). Electrical activity of the brain

(EEG) such as in multiple sites, 33). Electrical activity of multiple muscles (surface EMG), 34). Arterial oxygen

saturation, 35). Muscle and tissue oxygenation in multiple sites, 36). Oxyhemoglobin and/or deoxyhemoglobin

concentration in multiple sites. Such a "intelligent sensor" may communicate with a smart module via wired or

now known long range, medium range, and/or short range wireless application and communication protocols

that include but are not limited to Bluetooth, FTP, GSM, Internet, IR, LAN, Near Field, RF, WAP, WiMAX,

WLAN, WPAN, Wi-Fi, Wi-Fi Direct, Ultra Low Frequency, or hereafter devised wireless data communication

systems, versions, and protocols for power and data communication and distribution; and may allow for all (or

many) of the systems to work alone or together, and may be reverse compatible.

[000213] In some embodiments, by combining data from the sensors with input data from the intelligent wear

user, and with the additional input from a 3rd party, the intelligent wear system can build or continue to build a

portfolio of knowledge on the intelligent wear user, including, but not limited to, for example, "likes" and

"dislikes", allergies and other possible negative responses to a stimulus, an associated biometric feedback from

such a reaction, and the ability to send an emergency call or Short Message Service (SMS) to others when the

intelligent wear user is in distress from such a reaction.

[000214] Additionally, based upon the user's experience, the process may initiate ordering/shopping from the

user directly to a producer/supplier location or site.



[000215] An intelligent wear system according to the disclosure may include providing, developing and/or

creating software applications, mobile device applications, and hardware applications; providing, developing

and/or creating soft-goods (such as a textile, a fabric, an apparel merchandise); and/or hard-goods (such as

an exercise equipment, wrist band, etc.). Such an application may be utilized to create visual, audio and/or

tactile effects that may be controllable by the user of such applications such as on soft-goods or hard-goods.

Such applications may be used in order to sense, read, analyze, respond, communicate and/or exchange

content/data feedback with the user. Any type of communication protocol may be used, such as in conjunction

with the internet, attached or separate mobile devices, and other communication tools.

[000216] Such utilizing converging technologies (i.e., but not limited to incorporating electronics,

software, biometrics),

[000217] Specialized location based elements and tracking components, inks, Nano formulations,

conductive materials, component transmitters, analysis and artificial intelligence response software and

hardware, receivers, low, no, and high powered sensors, printed speakers, connectors, Bluetooth and USB

functions, energy generating elements, medical and wellness tracking and feedback devices, body movement

and efficiencies and mechanisms for tracking and analyzing the same, and other such like elements, alone or in

conjunction with each other may be utilized in an intelligent wear system.

[000218] FIGS. 5A-5B show embodiments of intelligent garment items. In a particular embodiment, FIG. 5A

shows a first garment, such as a shirt, configured to be worn on a user's torso while FIG. 5B shows a second (or

third, fourth, fifth, etc.) garment, such as shorts, pants, headgear, etc. electrically connected with the first

garment such that the sensor manager and communication system and application platform in the first garment

manage the sensors from the second garment. FIG. 5A shows an embodiment of an intelligent wear shirt

arrangement. Shirt 100 includes a communication system and application platform 101 configured to control

communications, such as internal communication (e.g. integral to or within any garment or accessory) and

external communication to an external communication system 113 (e.g. with a computer, the cloud, etc.). A

communication platform may be an electronic system, such as a phone that may be embedded in a garment or

may be removable. A communication system may include an application platform 101a (app) configured to

process data, a communication device 101b, such as Wi-Fi, Bluetooth, GPRS, a universal mobile

telecommunications system (UMTS) phone and a sensor 101c, such as an inertial measurement unit (IMU).

FIG. 5A also shows a sensor manager 103 in electronic communication (indicated here and throughout by an

arrow) with communications system and application platform 101. FIG. 5 further shows an interactive sensor

104, a body sensor 105 such as a conductive media trace (conductive ink) trace used as an EKG sensor in

electronic communication with the sensor manager 103. FIG. 5A also shows a body sensor 107 (e.g. a

peripheral sensor such as a tri-axis accelerometer, etc.), a peripheral element 108 (such as a speaker,

microphone, display, keyboard, switch, camera, illuminating system, etc.) electrically connected with the sensor



manager 103 via a (flexible) electrical trace. An intelligent wear module (module, SWM) may house electronics

and a microprocessor(s) configured to operate an intelligent wear garment or intelligent wear system (including

any intelligent accessories) may include a communication and application system 101, a sensor manager 103

and optionally a sensor 105. In some embodiments, such a module may comprise a housing configured to be

easily removed (e.g. in one piece). FIG. 5A also shows power distribution system 102, which may be useful for

supplying power to the communication system, sensor manager, sensors, peripherals, etc. Such a power supply

may be part of the module or may be separate from it and may supply power through a trace 106. Such a power

supply may supply power to the first garment as well as to the second or additional garments or electrically

connected intelligent wear items. FIG. 5A also shows an actuator 109 on the shirt in electrically contact with

and controlled by the intelligent wear module. FIG. 5A also shows a light system including a light sensor 110

such as photodiode, a phototransistor, a photo-resistor, etc., an optical source 111 and an optical fiber 112 (or

bundle of optical fibers) in electrical connection. FIG. 5B shows a second (or third, fourth, fifth, etc.) garment,

such as shorts, pants, headgear, etc. electrically connected with the first garment, including an interactive sensor

114, a body sensor 115 (such as an EMG sensor), which may comprise a conductive media trace (conductive

ink) trace 116. FIG. 5B also shows a body sensor 117 (e.g. a peripheral sensor such as a tri-axis accelerometer,

etc.). FIG. 5B also shows a light system including a light sensor 120 such as photodiode, a phototransistor, a

photo-resistor, etc., an optical source 121 and an optical fiber 122 (or bundle of optical fibers) in electrical

connection.

[000219] FIGS.6A-E how various embodiments of an intelligent garment system comprising flexible apparel

configured to continuously conform to a user's body when the garment is worn by the user. The garments

include a plurality of body sensors. Each body sensor generates a body sensor signal based on a user's body

status or user's characteristic such as a user's position, a user's movement, or a user's physiological status. A

plurality of body sensor signals are sent to a sensor module where a sensor board (FIG. 6E) on the module

obtains the body sensor signals and the module processes the signals to generate an output. Various outputs can

be generated.

[000220] In some embodiments, an intelligent apparel item and any accessories may be designed to allow a

user to express themselves by transforming a user's biometric data into a specific expression or experience.

Such an expression or experience may vary depending, for example, on a) the specific garment (and

accessories) and b) the particular algorithm and communication provided by the smart module.

[000221] Varying levels of complexity of physiological signals may be utilized in order to transform a user's

biometric data into a specific expression or experience. A particular garment may determine the accuracy and

varying level of complexity of the biometric physiological signals to be used for an assessment, e.g., such as for

communicating feedback related to relaxation level and posture alignment for performing yoga, movement for

dancing, movement precision for gymnasts, etc. For example, a leotard (i.e. a dancer's one-piece full body



compression garment incorporating full leggings, socks, shirt with long sleeves, gloves and a hood/balaclava),

may provide more accuracy then would a T-shirt or a polo shirt alone because it can cover the entire body of the

user with a maximum number sensors and actuators. In one embodiment, a 'full body leotard' has 19

accelerometers: one on each shoulders and hip (4), one of each knee and elbow (4), one on each hand (extensor

indices) (2), one on each foot (on the hallux) (2), one on each ankle (2), one on each wrist (2), and one on the

neck (rear) (1), one on the chin (1) and one the upper parietal bone (1). Such a garment may other types of

sensors, including but are not limited to, a heart-rate monitoring sensor (e.g., in direct contact with the skin);

thoraco-abdominal respiratory motion sensor; a skin conductance sensor (e.g., in direct contact to the skin).

Such sensors may be connected through power traces to a sensor module, such as one incorporated into the

garment between the scapulae. An interactive sensor (touch points) (from 1 to 10 or more than 10 sensors) may

be located on the front of the chest, shoulders, legs and other parts of the body. By activating an interactive

sensor(s) (touch points) the user is able to send a command to the module. A command can be anything, such as

calling a friend, sending a message, etc. A user may chose a particular garment based on the type of expression

or experience they are in the mood for or may chose a particular program or algorithm of interest on a garment

comprising a plurality of programs or algorithms.

[000222] An intelligent wear module may host various types of software for implementing various

algorithms to evaluate and process each expression or experience such as experiences and expressions described

below and elsewhere in the disclosure. Such software and algorithms may be regularly updated and downloaded

to a module, such as through a specifically developed updating software. Biometric data such as physiological

signals may be collected by a sensor manager which may be located in the intelligent wear module and then

sent to the intelligent wear module. Such signals (or signals processed by the intelligent wear module) may be

sent to the cloud by any modality, including but not limited to real-time communication. An intelligent wear

module (sensor management system) may also process and evaluate if a user's movements, posture, etc. are

correct or as desired. Such a module may provide feedback to the user, for example by utilizing a specific

software to communicate or provide a coded signal to a haptic or other type of activator ((e.g. for a vibration to

an actuator) to the user. Such a feedback may be controlled, for example, via an open-loop feedback system or

via a closed-loop feedback system.

[000223] A few non-limiting embodiments are described herein by way of example. FIG. 6A shows a "Sound

of Action" garment system configured to transform a user's movement (and physiological state) into music (e.g.

a musical expression of the user's state). FIG. 6A shows a sound of action shirt 130 with an electrocardiogram

(ECG) sensor on either side of the front of the shirt to sense the user's heart rate. An ECG sensor may be in

contact with a user's skin in order to sense a heart rate. The sound of action shirt 130 has accelerometers on the

shirt sleeve (Al, A2) and the sound of action pants 132 has accelerometers (A3, A4) on the pants legs, and the

sensor module comprises an accelerometer AO. Such a sensor may sense the user's position or the user's



motion. Any type of accelerometer may be used (e.g., a tri-axis accelerometer, an inertial measurement unit

(EV1U)) and may be configured to measure any parameter(s) to determine user motion or infer user motion (e.g.

an accelerometer, a gyroscope, a magnetometer, etc.). The body sensor signals may be sent to the sensor module

which records the data (e.g. the user's heart rate and the user's movement). Rather than telling another person

how they feel, a user may communicate to them their biometric data; thus rather than provide an interpretation

of the reality, they express true, objective facts. In some embodiments, the module may transform the data into

audio feedback, visual feedback, or touch feedback based on the data. Such feedback may be used by the user or

may be shared with others. In some embodiments, the data is converted into music based on the body sensor

signals. In some embodiments, a user can play the music through an audio output (such as speakers which may

be anywhere including on the module, earphones, etc. as described elsewhere in this application). A user may

allow feedback to be accessed by others (e.g., a friend(s), a loved one(s)), which may allow the other access to a

user's inner feelings. In some embodiments, a user can upload the music to a webpage (e.g. a specific, protected

intelligent wear webpage). In some embodiments, a user can send (share) the music with a friend(s). A user can

choose a type of music they prefer (such as e.g. classical, country, disco, electronic, hip-hop, jazz, modern folk,

pop, rap, rock, etc.). The user can control any other aspects of music generation (such as, e.g., dynamics, tempo,

etc.).

[000224] As shown, the action shirt has interactive sensors (touch points). The touch points may are

configured to control various aspects of a garment system, including but not limited to controls (e.g. bass,

dynamics on/off, volume, etc.) on or to a music playing device (earphones, speakers) or controls on a

communication system (e.g. texting, webpage upload, etc.)

[000225] One aspect of the invention provides a method of providing feedback for encouraging behavior

modification comprising: conforming a conformable garment to the torso of an individual, the conformable

garment comprising a plurality of body sensors configured to conform to the torso; sensing a plurality of signals

from the individual's body with the plurality of body sensors; communicating the plurality of signals to a sensor

module attached to the garment; processing the plurality of signals with a processor in a sensor module attached

to the garment to generate an output signal; converting the output signal into a feedback output wherein the

feedback output comprises a haptic feedback; and delivering the haptic feedback to the individual to thereby

encourage the individual to modify a behavior. In some embodiments, the haptic feedback comprises delivering

a vibration to the individual to encourage the individual to change a position, such as a body position, a limb

position, a head position, a joint position, or a neck position.

[000226] FIG. 6B shows a "Body Alignment" garment system configured to provide (immediate) feedback

on a user's body posture and alignment so that the user may correct a body position or alignment. Similar to the

"Sound of action" shirt above, the alignment shirt 132 has an electrocardiogram (ECG) sensor on either side of

the front of the shirt to sense the user's heart rate and accelerometers (Al, A2) on the shirtsleeves, on the torso



of the shirt (A5, A6), on the pants legs (A3, A4) and on the sensor module (AO). An alignment shirt 132 has a

first strain gauge SGI on a first sleeve and a second strain gauge SG2 on a second sleeve and strain gauges

(SG3, SG4) on the pants. Such a strain gauge may comprise a flexible and/or variable resistive media

configured to measure movement, such as bending or rotation of an arm or leg around an elbow or knee. The

alignment shirt may include an electromyography (EMG) sensor. Such a sensor may comprise a conductive

electrode for measuring a level of muscle activity. A pre-amplifier and/or amplifier may be connected with the

EMG sensor, which may be useful for boosting a relatively weak EMG signal. Similar to the "Sound of action"

shirt, the alignment shirt 32 has interactive sensors (touch points) that may be configured and used as described

elsewhere in the application. In order to detect respiration (such as the frequency of breathing, the depth of

breathing, etc.), the body alignment shirt also includes a first respiration sensor RESP1 that spirals around the

chest (rib cage) and a second respiration sensor RESP2 that spirals around the abdomen. Any type of respiration

sensors may be used. In one embodiment, a respiration sensor comprises a strain gauge, such as a conductive

strain gauge configured to change a level of conductance in response to a change in strain gauge length (e.g.

stretching based the user's body stretching). Body sensors gain data from the body and send the data to the

sensor module, the sensor module processes the response, the sensor module compares the response with a

standard (or with a previous measurement), the sensor module elaborates the response, the sensor module

provides feedback and a haptic actuator(s) acts on a portion(s) of the body that is different from the standard (or

a previous measurement) such as by providing a vibration. The body sensors may continue to send data and as

the user adjusts (corrects) a position of a portion of the body, and the sensor module processes the data, the

sensor module may be configured to stop the haptic actuator from vibrating (e.g. to stop sending a signal to

vibrate).

[000227] A specific positioning of accelerometers, gyroscopes, magnetoscopes and/or other sensors may

provide data from a user on the (precise) movements of a user (e.g. an athlete, a patient, a yogi, etc.). Such

movements may be used to determine the (precise) optimal execution of their movements in order to maximize

the proper optimization of their bodies. Such optimization may be calculated by taking in consideration one or

more factors ( such as activity, age, body alignment, body structure, body weight, environment, gender, health,

skeletal structure, time of the day, etc.). Use of the module for body optimization may include the steps of

calculating (in real time) the variance between the user's actual movements with an optimal movement and

providing (real time) feedback such as through a haptic actuators or other technology to suggest the proper

movement, the proper sport stroke or movement execution, the proper body alignment or posture, etc. The

various sensors gain data from the body and send the data to the sensor management system. The sensor

management system may elaborate the response and provide a feedback, such as a vibrating effect configured to

act on those portions of the body that are OFF from the correct pattern or position. In some embodiments, as or

after the user adjusts their movement to perform the correct execution, the actuators may reduce the vibration



feedback until reaching no (0) vibration when the proper movement is finally executed. In some embodiments, a

feedback may be delivered to the user for a certain time period and then turn itself off, and the cycle may be

repeated until an acceptable user position or user movement is sensed by the sensors. In some embodiments, a

library of training sessions for activities, exercises, postures etc. may be available on an intelligent wear module

or may be downloaded able from a website. A user, may for example, download one, two, three, four, five or

more than five of the movement optimization system modules or programs configured for improving execution

of one or more athletic, sports, or other performances.

[000228] A movement optimization system may also promote correct body posture in any way. For example,

a haptic (vibrating) response can help a user to correct a bad body position that might potentially cause or lead

to potential injuries, and restore the correct balance and alignment. A movement optimization system may:

identify, address and provide corrective action or suggestion for an ache, a pain and/or a limitations such as

related to (poor) posture alignment; improve, restore and/or maintain a user's body's (e.g. user's joint, a user's

muscle, etc.) full or possible range of motion; develop and improve body awareness, posture and appearance;

prevent pain and/or further degeneration such as muscle degeneration or joint degeneration; prevent or help

prevent a re-occurrence of a repetitive injury or reduce the severity of an injury re-occurrence; relax a user's

body such as through a haptic massage effect and/or with audio input (e.g. sounds such as bird sounds, music,

rain sound, waterfall sound, white noise, other sounds); identify, stimulate and /or treat a pressure point (e.g. an

acupuncture point, an acupressure point, a muscle knot, a nerve point, anywhere in the body such as in the arm,

back, feet, head, hip, leg, shoulder, etc.; identify, stimulate and /or treat an inflammation or other warm area; a

similar (or the same) experience model may be replicated for different (or for all) programs in which proper

posture is significant for the execution of the activity (ex. yoga, Pilates, stretching, etc.)

[000229] An intelligent wear system can guide dynamic expressions through a training program (such as a

haptic activator used to suggest a movement working in conjunction with vocal commands which may be given

or received). Such a training program may, for example, be available from a disc, a module, downloadable from

a website for a user's personal use, etc.

[000230] An intelligent wear system may work real-time in a group setting (e.g. a class of students) in

presence of an instructor. An instructor may instruct by: wearing a instruction intelligent device (IID), and

providing guidelines from the IID to the student(s) intelligent garment. Such an instruction may accelerate the

student's learning process, for example, by providing instruction and/or correction. Such an instruction may be

especially helpful in activities with synchronized movements such as aerobics, Pilates, Step, Zumba, etc. (ex.

right leg up, right arms down, etc.). An instruction may provide instruction through voice and/or individually

customized haptic vibration to every user.

[000231] FIG. 6C shows "The Hero's Heart" garment system configured to provide feedback on the user

having the fortitude to achieve a high (e.g. the highest) inner peace during the most strenuous exercise and/or



actions. Similar to some other systems described above and elsewhere herein, "The Hero's Heart" garments

include accelerometers, ECG sensors, and respiratory body sensors which gain data from the body and send the

data to the sensor module. The sensor module processes the data and provides feedback. "The Hero's Heart" is

the user with a high level of inner peace (or low stress level) while achieving a level of physical exertion. For

example, the lower the ratio of the two values, the higher the level of fortitude. A "Hero's Heart" may be a

cross-activity expression in the intelligent wear system community: which may include users performing

extreme activities, such artistic gymnastics, climbing, Parkour, etc., ranking results from such activities (such as

in a single Hero chart), and standardizing such exhausting actions and inner peace parameters such as by a

combined and elaborated "Hero" algorithm.

[000232] FIG. 6D shows a "Meditation" garment system configured to provide a feelings-driven melody by

detecting the user's psychological and physiological status. The "Meditation" garment includes ECG sensors,

respiration sensors, strain gauges, and touch points as described above, on the "Meditation" shirt. The

meditation garment further includes a sensor on a first sleeve of the garment and a sensor on a second sleeve of

the garment . "Meditation" garment further includes pants to The "Meditation" garment system further includes

a "Meditation" cap with an electroencephalogram sensor (EEG) configured to detect brain waves. As described

above, the body sensor signals from the sensors are sent to the sensor module. The sensor module processes the

data and provides feedback. As described above, the sensor module is configured to provide feedback such as a

feelings-driven melody. The feedback may be used as a training technique. A user may be taught to improve

their health and/or performance by becoming more aware of, and using biometric signals from, their body. A

user may become actively involved in controlling their inner status. Any type of sensor may be used for an inner

checkup. In some embodiments, a wide variety of sensors work in unison for a complete inner checkup. Such

sensors may include but are not limited to those described herein or as known in art. In particular, such sensors

may include: heart rate monitor (to measure heart rate variability); galvanic response sensor (to measure the

electrical conductance of the skin and the moisture level; which may be taken as indication of psychological and

physiological arousal); skin temperature sensor (which may be taken as indication of cognitive and emotional

states); perspiration sensor (which may be taken to measure relaxation vs. emotional stress and anxiety);

electroencephalography (EEG) (which may be taken to measure addiction, anxiety disorders (including

posttraumatic stress disorder, obsessive-compulsive disorder, worry), attention deficit disorder (ADD), attention

deficit hyperactivity disorder (ADHD), depression, learning disability, migraine, and generalized seizures);

blood pressure sensor (which may be taken to measure and monitor level of relaxation vs. stress and variations);

electromyography (EMG) (which may be taken to measure muscle tension and/or muscle relaxation vs. neuro

muscular hypertension and overexertion); breathing rate sensor (to measure relaxation vs. anxiety (relaxation

may be taken to correspond so to a lower respiratory rate (slow and deep breathing)); anxiety may be taken to

correspond to a higher respiratory rate (rapid and shallow breathing), etc.



[000233] In some embodiments, a significant role may be given to skin conductance which increases when a

person is more aroused (e.g., engaged, excited, stressed), while it tends to stay low or drop when a person is less

aroused (bored, calm, disengaged).

[000234] In some embodiments, based on the tracked sensor data, the an intelligent wear module (sensor

manager) may simultaneously convert the user biometric output (e.g., physiological signals) into a musical

feedback whose quality (e.g. brightness or depression of the sound, major or minor key, rhythm, speed) changes

based on the user's physiological and/or psychological changes.

[000235] Using feedback as described herein, a user may be able to learn how to rely on the power of their

mind to improve their overall health and live better.

[000236] Another aspect of the invention includes an intelligent wear system configured to provide

communication between a plurality of individuals, including an intelligent wear garment item user. Instead of,

or in addition to an intelligent garment system providing feedback, such as haptic feedback or musical

expression to an individual, an intelligent garment system may provide communication between a plurality of

individuals. In one embodiment, an intelligent wear system may provide a communication based on an

intelligent wear garment user's performance. A system may be configured for communicating physiological

data from a user (rather than or in addition to communicating a subjective interpretation based on the

physiological data). For example, a system may be configured to allow a user to set a personal goal, and

(automatically) communicate to another individual when they hit their goal (e.g. a threshold). Such a

communication made be sent to a friend or to a gateway such as a computer or website. Such a process may be

controlled though an intelligent wear application such as on an intelligent wear module. An intelligent wear

system may also or instead be configured to allow an intelligent wear user to share an audio expression (a music

expression) or a video expression based on their body such as through dance, other movements and/or postures.

Such an expression may be created by the intelligent wear system (e.g. intelligent wear module). For example,

an application on an intelligent wear module can measure (interpret) a user's performance, such a Parkour

user's performance, while he is developing or training for improved (increased) strength, endurance and balance

though a course, such as a Parkour course. Such a user may set a goal they want to achieve, and the intelligent

wear system may notify a user's friend when the goal is hit. There are common parameters that may help

measuring the execution of the moves. Such a goal may be any of the various types of Parkour moves, such as,

for example, maximum gravitational defiance, rotational speed, movement speed, time spent off feet, time spent

upside down, jump elevation, distance travelled in the air, time of balance in an extreme environments, etc.

[000237] In some embodiments, an intelligent wear system may provide a communication to an individual or

to a location available to an individual or to a group based on an intelligent wear garment user's cultural

behavior and/or gestures. A cultural behavior and/or gesture may be translated into an intelligent input on an

intelligent wear garment item. Such a cultural behavior and/or gesture can be adapted to create a cultural



expression that may initiate a specific command or an innovative means of communication. Such a command or

means of communication may be customizable (such as in an application by the intelligent wear item user). For

example, hitting a fist on one's heart twice and then making the peace sign may be an African-American sign

for peace out, I love you. Such a communication may have roots in American Sign Language, meaning " I give

you my heart and peace". A basketball player uses this kind of gesture when they score. Applied, for example,

to an interactive sensor (touch point) on an intelligent wear shirt, the intelligent wear system may be configured

to activate the delivery of a message to all the player's fans (e.g. automatically and/or instantaneously) in

response to the player making the gesture. Ί love you' may then appear on a social network, available for close

and far fans. In another example, a somersault performed by a soccer player after he scores a goal may be

recognized by intelligent sensors (e.g. accelerometers) on an intelligent wear garment and may activate the

delivery of a player message such as to fans, friends, offspring, a spouse, etc. In another example, an intelligent

wear garment system may detect using intelligent sensors such as accelerometers on intelligent wear items such

as shirts, a gesture, such as a handshake, high-five, fist bump, chest bump, hug, etc. between the intelligent wear

shirt users. A gesture-based command in combination with a communication protocol (e.g. a standard

communication protocol) may result in alternative social communication systems based on recognized cultural

behaviors between intelligent wear users. For example a gesture (such as those described above) in combination

with NFC, Bluetooth, Wi-Fi may initiate data sharing. The proximity of the items (e.g. shirts) may activate the

immediate (e.g. automatic) sharing of personal data or other type of content previously set by the user(s)

between the users in response to the gesture. Such data or content may go from a first user to a second user and

may also go from the second user to the first user. Such data or content may include personal data such as

business card information, content sharing such as music, expressions, etc. and/or friendship functions such as

"add friend" or "follow user" features.

[000238] In some embodiments, an intelligent wear system may be configured to provide a communication to

an individual (or to a location available to an individual or to a group) based on an intelligent wear garment

user's vocal communication (voice). Such a communication may comprise providing immediate connectivity

and message delivery. An intelligent wear user may for example, activate (or receive) a call, send (or receive)

an SMS, send (or receive) an email, and/or share an instant messages through an intelligent wear platform and a

social network (such as Facebook, Twitter, etc.) even while engaging in an activity such as playing tennis,

climbing a mountain, running, riding a bicycle, driving a car, etc. Such a communication may be activated via

voice recognition and a voice-to-text feature may allow instant creation and sharing of messages on social

networks even without typing. (In addition to providing a hands-free option for a user engaged in an activity, a

voice recognition may be faster than text message. Voice recognition is considered eight times faster than text

messaging).



[000239] In some embodiments, an intelligent wear system may be configured to leave audio content and/or

other messages in a specific location. In some embodiments, an intelligent wear system may be configured to be

notified that audio content and/or other messages are available to an intelligent wear system user as they enter a

designated area. Such audio content and/or messages may be from an intelligent wear user to others, such as 'a

friend to friends', "an intelligent wear system application or website to users', 'third parties to users', 'users to

intelligent wear system application or website', etc. An intelligent wear system user may be notified through

any means, such as audio, haptic, and/or visual notification as they enter a designated area. For example, one or

more fans can share a team anthem with other fans at a stadium to play the anthem simultaneously (such as via

a synchronization feature, or to synchronize wave-type). In another example, street dancers using an intelligent

wear system can exchange musical bases for their performances based on locations, such as hip -hop bases in

which a group of break dancers may perform.

[000240] In some embodiments, an intelligent wear system (e.g. an Expressions Crowd-Sourcing open

platform such as an expression crowd-sourcing open platform) may offer an advanced social tool for crowd-

sourcing and sharing. Using such a social tool, a user may be able to upload/download a library of expressions,

such as in the form of biometric formulas (software) and/or videos and/or supported by an audio input. Such an

expression may be, but is not limited to, a training session (such as, e.g., for Pilates, tennis yoga, etc.), a cultural

dance, a body alignment instruction, an extreme body posture instruction, an exercise, other body moves, etc. A

formula may be used for creating an expression or a library of expressions. A formula may be built for creating

such an expression or a library of expressions. For example, a plurality of sensors may track an intelligent wear

user's execution of an expression such as via a motion detection system. Such a system may automatically

register the movements and convert them into a pattern or function ("a formula" or a "built formula") that

retains relevant information about the movement (e.g. balance, positioning, sequence, speed, etc.) A formula

may be sharable with another intelligent wear system user. Such a formula may be able to adapt to different

body shapes and physiological status, and may include preserving proportions in postures, movement extension,

elevation based on user's height, etc. A user may obtain (e.g. download) a built formula expression and use it,

such as learning to execute the movements (e.g. repeatedly, such as very accurately). A formula (e.g. an

expression formula) may include training inputs such as haptic feedback that can be activated during the user's

execution of the movements. Sensors on the user's intelligent wear system may gain data from the user's body

(e.g. movements) and send them to the module. Such a module may (immediately) elaborate a response and

provide the intelligent wear/formula user feedback based on the formula. For example, a vibrating effect may

act on a portion of the user's body that are OFF the proper alignment or zone. As the user adjusts the position

and enters the proper alignment or the right zone, an actuator may stop the vibration to indicate that the user is

engaging in the correct movement.



[000241] Depending on the type of activity, an intelligent wear system can also guide dynamic expressions

through haptic activators that suggest particular movements. Such an expression may work in conjunction with

(e.g. be controllable by a vocal command).

[000242] Such a training program may also work real-time in the presence of an instructor, who may wear a

'leading' intelligent garment item that may provide guidelines to a class of students wearing 'receiver'

intelligent wear items. Such an instruction may enhance the teaching process and act to create synchronized

movements such as in aerobics, step, Zumba, Pilates, etc. (for example, right leg up, right arm down, etc.).

[000243] Another aspect of the invention comprises a flexible garment configured to continuously conform

to a user's body when the garment is worn by the user, the garment comprising: a body sensor on the garment

configured to sense one of a user's position, a user's movement, and a user's physiological status and thereby

generate a body sensor signal; a conductive trace on the garment, connected with the sensor and configured to

communicate the body sensor signal from the body sensor to a sensor module for analysis; and an interactive

sensor on the garment configured to transmit an interactive sensor signal to the sensor module when the user's

hand activates the interactive sensor wherein the sensor module is configured to control an audio output and/or

a visual output in response to the interactive sensor signal.

[000244] In some embodiments, the flexible garment comprises a compressive material. In some

embodiments the flexible garment is configured to expand and contract. In some embodiments, a body sensor

on the flexible garment is configured to be in electrical contact with the user's skin.

[000245] One aspect of the invention provides a method of washing a conformable garment comprising a

plurality of sensors, the method comprising: placing a conformable garment comprising a plurality of body

sensors and a plurality of interactive sensors attached thereto into an aqueous solution comprising a cleaning

agent; and moving the garment through the aqueous solution and cleaning agent; separating the conformable

garment from the aqueous solution and cleaning agent; and drying the conformable garment.

[000246] A conformable garment comprising a plurality of sensors, such as the garments shown in FIGS. 6A-

D, may comprise a body sensor, an interactive sensor (touch point), a conductive trace and/or other features

configured to be sufficiently water and soap resistant so that the garment may be immersed in an aqueous

solution. Such a garment may be washed using standard washing methods and machines using an aqueous

solution (water) and a cleaning agent such as a detergent. Such a garment may be configured to withstand

additional solutions such as a fabric softener, a cleaning solution comprising an enzyme configured to clean a

garment, or other known cleaning methods. A conformable garment may be sufficiently dryer resistant so that

exposure of the garment to a dryer, such as a conventional clothes dryer, does not damage the sensors, touch

points, and/or other features. In one example a sensor, a touch point, and/or other features may be sufficiently

sealed to prevent water entry into electrically conductive or other water-sensitive portions. In another example,

an electrically conductive portion of a sensor, a touch point, and/or other features may be configured to recover



after being exposed to a washing cycle (and a drying cycle). In some embodiments, a conformable garment

comprising a plurality of sensors, such as the garments shown in FIGS. 6A-D, may comprise a body sensor, an

interactive sensor (touch point), a conductive trace and/or other features configured to be sufficiently chemical

resistant so that the garment may be immersed in a dry-cleaning solution (e.g., may be resistant to damage from

a dry cleaning process or exposure to a dry cleaning reagent.

[000247] A garment, such as a shirt, may have a front and a back and may have a pocket (e.g. in the back of

the shirt) and the pocket may be configured to hold a sensor module on the back of the shirt.

[000248] One aspect of the invention provides a wearable communications device comprising: a collar

configured to wrap partially around a user's neck and to hold a shape and comprising at least one of a speaker

and a microphone; and a base region connected with the collar and configured to provide electrical

communication between a sensor module and the collar wherein the sensor module is configured to connect

with a conformable garment comprising a plurality of body sensors.

[000249] FIG. 7 shows a wearable communication device 172 configured to be controllable by a sensor

module, such as to communicate an audio output signal from the sensor module. The audio output signal may

comprise a signal to play music, stop playing music, turn on or turn off a microphone, or control another audio

output. Wearable communication device 172 has a collar 170 with a first collar arm 171 and a second collar arm

172. Wearable communication device 172 has a sensor module connector 174 is configured to connect with

sensor module 176. Wearable communication device 172 and/or collar 170 and/or first collar arm 171 and/or

second collar arm 172 (and any other wearable communication device components or parts) may be sufficient

rigid so that a user may grab such a component or part and use it to place wearable communication device 172

in connection with sensor module 176. Wearable communication device 172 and/or collar 170 may be

sufficient rigid so that a user may grab the base region or collar and use it to place connected sensor module 176

into a pocket 178 on the back of an intelligent garment. Such a module may include one or more cables

configured to electrically connect with the collar (such as on a flap or board). A connection between a module

and collar may be easily made, such as by a single jack or other connector. Such a jack may be placed on the

higher side of the collar, such that it allows the neck to bend backwards with little/ no interferences. Earphones

180 (earbuds) may be attached to the base region or collar and speakers and/or a microphone may be connected

with the collar (or earphones). In a particular embodiment, a wearable communication device may include 2

loudspeakers, a microphone, a phone jack, and 6 switches (power on/off, Wi-Fi on/off, Bluetooth on/off,

microphone on/off, speaker volume, and microphone volume).

[000250] In some embodiments of a flexible garment, a conductive trace (for example to connect a body

sensor or touch point to a sensor module) is configured to conform to the user's body when the flexible garment

is worn by the user. In some embodiments of a flexible garment, the conductive trace is on a surface of the

garment.



[000251] FIGS. 8A-8B and FIGS. 9A-B shows the front side, and back side, respectively of a flexible

intelligent wear garment configured to output an output signal to a phone, computer, the cloud, etc. as described

elsewhere in this application. Body sensor 190a, such as a heart rate sensor is connected by flexible trace 192 to

sensor modulel96 on the back of the shirt. A second body sensor 190b, such as another heart rate sensor, may

also be connected (such as from the opposite direction). FIGS. 9A-B show a first respiratory sensor 198 on a

garment and configured to wrap (e.g. annularly) around a user's rib cage when on the garment is on a user. FIG.

9B also shows a second respiratory sensor 200 on a garment and configured to wrap (e.g. annularly) around a

user's abdomen when the garment is on a user. First respiratory sensor 198 and second respiratory sensor 200

are connected with sensor module 196 with a conductive media. In some embodiments, a garment has a first

axis and a second axis perpendicular to the first axis, and a trace is configured to substantially follow the first

axis (and not follow the second axis). Manufacturing a garment with an annular trace (e.g. one that is

configured to wrap around a garment) may be challenging. For example, it may be difficult to manufacture a 3-

dimensional trace onto a 2-dimensional substrate (which trace would be electrically testable prior to final

garment assembly). It may be difficult to transfer a 3-dimensional annular sensor from a substrate to a garment.

In some embodiments, a method of manufacturing an intelligent wear garment with a body sensor, such as a

respiratory body sensor, may include placing a first portion of a sensor on a garment and placing a second

portion of the sensor on the garment such that the second portion overlaps with the first portion. In some

embodiments, one or both portions may be electrically tested prior to final garment assembly. In some

embodiments, an electrical trace may be manufactured inside a tube or a cutaway tube prior to garment

assembly. Such a tube may be substantially straight or may be substantially curved. In some embodiments, a

respiratory sensor may comprise a pattern configured to measure a change, such as a zigzag pattern on a front of

a garment. One or two or more than two such sensors may be present on a garment, such as over the rib cage

area and over the abdominal area when the garment is being worn.

[000252] Respiratory measurements: External measurement of chest wall surface motion can also provide a

useful way to estimate pulmonary ventilation and to circumvent the potential problem that may occur when

pulmonary ventilation is assessed by integrating the airflow measured at the airway opening by a

pneumotachograph. Variations in temperature, humidity, pressure, viscosity and density of gas determine

integration drift so that changes in absolute lung volume may not be accurately recorded. Other methods, such

rebreathing from a spirometer or a bag-in-box system, may be difficult to apply for prolonged time periods,

while collecting expired gas in a large spirometer or gas tight bag (e.g., a Douglas bag) may cause problems due

to the gasometer, which may require intermittent calibration over time and does not allow a breath-by-breath

analysis.

[000253] .



[000254] In the last decades, a number of devices and methods have been developed in order to allow

measurements of rib cage and abdominal motion. In parallel, several attempts have been made to define

calibration methods able to estimate volume changes of the single lung compartments, of the entire chest wall,

and of the lung from measurements from the diameters, circumferences or cross sectional areas, such as the iso-

volume method, changing posture (Chadha TS, Watson H, Birch S et al. Validation of respiratory inductive

plethysmography using different calibration procedures. Am Rev Respir Dis 125:644, 1982), and the natural

breathing method (Sackner, M. A., H. Watson, A. S. Belsito, D. Feinerman, M. Suarez, G. Gonzalez, F.

Bizousky, and B. Krieger. Calibration of respiratory inductance plethysmography during natural breathing. J .

Appl. Physiol. 66: 410-420, 1989). The validity of the calibration coefficients obtained experimentally to

convert one or two dimensions to volume is generally limited to the estimation of tidal volume under conditions

matched to those during which the calibration was performed (Zimmerman, P. V., S. J . Connellan, H. C.

Middleton, M. V. Tabona, M. D. Goldman, and N. Pride. Postural changes in rib cage and abdominal volume-

motion coefficients and their effect on the calibration of a respiratory-inductive plethysmograph. Am. Rev.

Respir. Dis. 127: 209-214, 1983).

[000255] Measurement of diameters: Magnetometers were the first instruments developed in the late sixties

to measure changing diameters during breathing (K. Konno and J . Mead, "Measurement of the separate volume

changes of the rib cage and abdomen during breathing," J . Appl. Physiol. 22(3):407-422, 1967). Two pairs of

coils were usually placed on the front and on the back of the rib cage and abdomen; one coil was used as a

generator and the other ('sensing coil') was used as a receiver of magnetic field. Since the output voltage of the

sensing coil is proportional to the intensity of the magnetic field, which varies proportionally with the cube of

the distance separating the transmitter and the receiver, a magnetometer is able to record changes in the antero

posterior diameters of the chest wall. This nonlinear relationship between voltage and distance, however,

requires accurate and frequent calibrations. To calibrate the device in order to measure tidal volume and to

separate the rib cage and abdominal components, one approach requires iso-volume maneuvers to be performed

according to the technique of Konno and Mead (K. Konno and J . Mead, "Measurement of the separate volume

changes of the rib cage and abdomen during breathing," J . Appl. Physiol. 22(3) :407 -422, 1967). Another

approach assumes that spontaneous breathing and its normal variation is sufficient to calibrate the device,

allowing this technique to be applied also with non-collaborating subjects (Sackner, M. A., H. Watson, A. S.

Belsito, D. Feinerman, M. Suarez, G. Gonzalez, F. Bizousky, and B. Krieger. Calibration of respiratory

inductance plethysmography during natural breathing. J . Appl. Physiol. 66: 410-420, 1989). In addition, the

magnetic field recorded by the sensing coil can be influenced by metallic objects in the surroundings and is

therefore difficult to use in certain settings, such as a hospital setting.

[000256] An alternative approach which is commercially available, particularly for monitoring respiration in

infants, is to measure variations of chest diameters through measurements of transthoracic electrical impedance



variations (V. Gramse, A. De Groote and M. Paiva. Novel Concept for a Noninvasive Cardiopulmonary

Monitor for Infants: A Pair of Pajamas with an Integrated Sensor Module. Annals of Biomedical Engineering,

Vol. 31, pp. 152-158, 2003). A small amplitude, high-frequency current is applied through a pair of electrodes

and the resulting voltage is demodulated to obtain impedance measurements. Some advantages of this technique

are that the electrodes are relatively small, mechanically stable and inexpensive, and can be used to

simultaneously record the ECG. However, such electrodes often cause skin irritation in infants and cardiac

artifacts are difficult to be separated from a respiratory signal.

[000257] Measurement of circumference or cross-sectional areas: Numerous devices based on sensing belts

positioned on the rib cage and abdomen or wearable garments embedding different kinds of sensors have been

proposed as systems for breathing detection based on chest wall surface kinematics. Changes in the

circumference or in the cross-sectional area are then usually used to estimate tidal volume and relative rib cage

and abdominal contributions to tidal volume and thoraco-abdominal asynchronies. Various sensor technologies

can be used in different sensing belts. Technologies include mechanical transducers, such as capacitive elastic

strain gauges (V. Gramse, A. De Groote and M. Paiva. Novel Concept for a Noninvasive Cardiopulmonary

Monitor for Infants: A Pair of Pajamas with an Integrated Sensor Module. Annals of Biomedical Engineering,

Vol. 31, pp. 152-158, 2003 and piezoelectric films (Pennock 1990), ultrasound waves in a rubber tube ()

(Lafortuna and Passerini 1995) and optical sensors (fiber optics) ( . Optical fibers have been recently proposed

as an alternative method to detect thoracic and abdominal circumferences in non-invasive respiratory

monitoring systems A. Babchenko, B. Khanokh, Y. Shomer, and M. Nitzan, "Fiber optic sensor for the

measurement of respiratory chest circumference changes," J . Biomed. Opt. 4(2), 224-229, 1999) (DAngelo et

al.2008). The macro-bending loss effect in optical fibers arranged in figure-of-eight loops have the advantages

of increased linearity of response, higher resolution and sensitivity and lower mechanical resistance and

hysteresis. This approach enables measurement of respiratory and cardiac function using the same transducing

fiber.

[000258] Respiratory Inductive Plethysmography (RIP): Respiratory inductive plethysmography allows

measurement of changes of rib cage and abdominal cross sectional areas by two coils of insulated wire sewn

inside 10-cm-wide elastic bands which are usually placed below the axillary line and above the umbilicus. The

two wires are connected to an oscillator module. The principle of RIP relies on the output frequency-modulated

signals, which are proportional to variation in the self-inductance of the coil. The self-inductance of the coil is

in turn proportional to the cross-sectional area enclosed by the coil, and therefore it varies as the rib cage and

the abdomen expand and contract during respiration. The oscillatory signals are then sent to a demodulator unit

that provides the output signals (Milledge, J.S., Stott, F.D. Inductive plethysmography - a new respiratory

transducer. J Physiol (Lond) 267:4, 1977.) (25) (26). Recently, RIP has been embedded in a multi-function

wearable device consisting of a Lycra® garment for continuous ambulatory monitoring of respiration. The



system also incorporates ECG and a tri-axial accelerometer (Heilman, K.J., Porges, S.W., 2007. Accuracy of the

LifeShirt (VivoMetrics) in the detection of cardiac rhythms. Biol. Psychol. 75, 300-305.).

[000259] Measurement of respiratory volumes: Optical systems. A variety of optical techniques using

multiple video cameras combined with either light projected on the chest surface or reflective markers

positioned on it have been proposed to track the changing shape of the thoraco-abdominal surface during

breathing and from this to calculate the enclosed volume. Optical methods based on structured light to analyze

chest wall movement during breathing have been pioneered by Peacock et al (refs), who firstly introduced a

technique for mapping the size and shape of the thoraco-abdominal wall (Peacock A., Gourlay A. and Denison

D. Optical measurement of the change in trunk volume with breathing. Bull. Eur. Physiopath. Resp. 21: 125-

129, 1985; Peacock, A.J., Morgan M.D.L., Gourlay, S., Tourton, C. and Denison, D.M. Optical mapping of the

thoraco-abdominal wall. Thorax. 39: 93-100, 1984). This was achieved by projecting a grid on sheets of light

creating contour lines on the visible surface of the torso, recording them by still or video camera and

reconstructing the shape from the digital information. Knowing the relative positions of the cameras and the

projector permits the reconstruction of three dimensional data concerning the thoraco-abdominal wall and

methods for calculating and cross-sections, surface areas and volumes. In 1986 Saumarez described a similar

system based on a projector shining approximately vertical stripes on the torso and television cameras scanning

with horizontal lines the body. These systems, however, remained confined in few research applications, not

including exercise, because of the difficult use and the complexity of the procedures of data processing. More

recent advances in using structured light to measure surface topography are nowadays opening new perspectives

for the development of more automatic procedures to process the data and to obtain chest wall surface

movement and volume variations during breathing. These include color structured light systems (Huijun Chen

et al. Color structured light system of chest wall motion measurement for respiratory volume evaluation. Journal

of Biomedical Optics 15(2), 026013, March/April 2010), in which the projection of an encoded color pattern on

the subject's torso and few active markers attached to the trunk allows accurate measurements of 3-D

topographic changes of the chest wall to be obtained and from these total and compartmental measurements of

volume variations with a good level of automation in the data processing.

[000260] Opto-electronic plethysmography: Opto-electronic plethysmography is based on a motion analyzer

that measures the volume of the chest wall and its compartments by means of retro-reflective markers placed on

the trunk of the subject in selected anatomical reference sites of the rib cage and the abdomen. Each camera is

equipped with an illuminator (infrared light-emitting diodes) that determines a high contrast between the

reflective marker and the rest of the scene on the recorded images thus allowing the fully automatic recognition

of the markers. If each marker is seen by two or more TV cameras, its position (defined by the three

dimensional coordinates) can be calculated by stereo-photogrammetry. The markers are positioned on

approximately horizontal rows at the levels of the clavicular line, the manubrio-sternal joint, the nipples, the



xiphoid process, the lower costal margin, the umbilicus and the anterior superior iliac crest. Surface landmarks

for the vertical lines are the midlines, both anterior and posterior axillary lines, the midpoint of the interval

between the midline and the anterior axillary line, the midpoint of the interval between the midline and the

posterior axillary line, and the midaxillary lines. Extra markers are added bilaterally at the midpoint between the

xiphoid and the most lateral portion of the 10th rib and in corresponding posterior positions.

[000261] From 3D marker coordinates measured by OEP, kinematics of the chest wall can be studied

considering different parameters at different rib cage and abdominal levels, such as distances (e.g.,

anteroposterior or medio-lateral diameters), perimeters (by summing the 3D distances of all the contiguous

markers placed at a given level) and cross-sectional areas (by summing the areas of the triangles each formed by

two contiguous markers and the baricenter of all the markers positioned at a given level). OEP allows the

measurement of the volume of any parts of the trunk by defining closed surfaces with the same method that is

used for the calculation of the chest wall volume. The geometrical models of the compartments that have been

developed for OEP volume measurements follow the three-compartment model (i.e. RCp, RCa and AB)

(Ferrigno G, Carnevali P, Aliverti A, Molteni F, Beulke G and Pedotti A. Three-dimensional Optical Analysis

of Chest Wall Motion. J Appl Physiol 77(3): 1224-1231, 1994; Cala SJ, Kenyon C, Ferrigno G, Carnevali P,

Aliverti A, Pedotti A, Macklem PT and Rochester DF. Chest wall and lung volume estimation by optical

reflectance motion analysis. J Appl Physiol 81(6): 2680-2689, 1996). The rib cage is separated from the

abdomen by a line that follows the lower costal margin. The subdivision of the rib cage into RCp and RCa is

defined by the transverse section at the level of the xiphoid (Kenyon CM, Cala SJ, Yan S, Aliverti A, Scano G,

Duranti R, Pedotti A and Macklem PT. Rib Cage Mechanics during Quiet Breathing and Exercise in Humans. J

Appl Physiol 83(4): 1242-1255, 1997). Precisely the surface that encloses RCp extends from the clavicles to a

line extending transversely at the level of the xiphisternum, while RCa extends from this line to the lower costal

margin. AB extends caudally from the lower costal margin to the level of the anterior superior iliac crest (Cala

SJ, Kenyon C, Ferrigno G, Carnevali P, Aliverti A, Pedotti A, Macklem PT and Rochester DF. Chest wall and

lung volume estimation by optical reflectance motion analysis. J Appl Physiol 81(6): 2680-2689, 1996).

[000262] A closed surface of the chest wall is identified by connecting the points to form a mesh of triangles.

In the case of the seated and standing positions the whole trunk is visible and the volume of the chest wall,

internal to the closed surface, can be computed by means of the Gauss' theorem (Cala SJ, Kenyon C, Ferrigno

G, Carnevali P, Aliverti A, Pedotti A, Macklem PT and Rochester DF. Chest wall and lung volume estimation

by optical reflectance motion analysis. J Appl Physiol 81(6): 2680-2689, 1996)). When the subject lies in a

position with his/her back supported, the posterior part of the trunk is defined by a reference plane defined by

the co-ordinates of the markers positioned laterally on the trunk. Aliverti A, R. Dellaca, P. Pelosi, D. Chiumello,

L. Gattinoni and A. Pedotti. Compartmental analysis of breathing in the supine and prone positions by Opto-

Electronic Plethysmography. Ann Biomed Eng 29:60-70, 2001) (Aliverti et al., 2001)



[000263] FIGS. 9A-B show two stretchable respiratory measurement rings at the level of the rib cage and the

abdomen at the torso/trunk useful for measuring respiratory volume of user. A cross-sectional area of a ring

(and the electrical resistance of the ring) changes as an individual breathes. Such a change in resistance may be

measured and used for determining a change in circumference. Such a change may be used for determining a

respiratory volume for an individual. Such rings may be made, for example, by a conductive media. One step in

obtaining a respiratory volume from an individual may be calibrating the signals obtained from the rib cage.

[000264] A flexible garment with a flexible trace may be configured to conform continuously to a user's

body. FIG. 8C shows a flexible trace, such as the one shown in FIGS. 8A-B, with a silver conductive core

surrounded by an outer insulating layer. A core of a trace may contain any type of conductive material and an

outer layer may contain any type of insulating material as along as the resulting trace is able to carry (electrical)

signals and/or power. A trace may be a flexible trace or a conformable trace (or both, or neither).

[000265] One aspect of the invention provides a method of manufacturing a flexible compressive garment

comprising: placing a first insulating fluid media onto a substrate, the fluid comprising an adhesive; placing a

conductive material on the first insulating fluid media to thereby create a conductive material electrical trace;

solidifying the first insulating fluid media to create a first flexible insulator region and thereby generate a

flexible transfer comprising a conductive material electrical trace wherein the transfer is configured to be

removed intact from the substrate; removing the transfer from the substrate; placing the transfer on a flexible

compressive garment; attaching the transfer to the flexible garment; electrically connecting the transfer to a

sensor on the flexible garment wherein the transfer is configured to be connected with a sensor module.

[000266] A conductive trace made from a conductive media may be made, for example, from one or more of

a conductive liquid having high resistance, from an insulating media embedding a layer of conductive material,

or from an insulating media embedding a conductive wire or a conductive cable. Use of such an insulating

media may allow a conductive trace to be, for example, more flexible.

[000267] In some embodiments, a conductive trace may be made from a conductive media with high

resistance. Such a conductive media with high resistance may be made mixture of a media and ultrafine

conductive particles (such as copper particles). Any concentration of particles may be used. Such a conductive

trace may allow a conductivity of the order or hundreds of square. Such a conductive trace may have very

good extensibility and softness. Such a conductive media with high resistance may be used, for example, for

forming an EKG electrode such as in form of plates (such as less than 3 cm, 3-5 cm, or greater than 5 cm

diameter) printed in the inner part of a flexible (compression) top (shirt) in correspondence of the thorax for

heart rate measurements. Such a conductive media with high resistance may be used for creating a spirals to go

around the chest and the abdomen or in the linear zigzag pattern on the chest and the abdomen of a flexible top

(shirt) to implement a strain gauges printed on the outer or inner part of the compression shirt to measure the

variations of circumference of chest/abdomen during breathing. Such a conductive media with high resistance



may be used to create a linear strain gauge, such as one printed along a sleeve of a garment or a leg of a garment

and configured to measure the flexion of an arm or a leg. Such a conductive media with high resistance may be

used to implement an electrode in the form of one or more plates. (1-2 cm diameter) Such a plate may be

placed in the inner part of a compression shirt. Such a plate may be made in correspondence of the armholes

and may be configured for performing skin conductance measurements. Such a plate may be less than 1cm in

diameter, from 1 cm to 2 cm in diameter, more than 2 cm to 3 cm in diameter, or more than 3 cm in diameter.

Such a conductive media with high resistance may be used for implementing a touch points in form of plates

(e.g. apposed half circles of 3-5 cm diameter or comb-like patterns) placed in multiple sites on the outer part of

the compression shirt. A good connection between a conductive media (ink) with high resistance and other

electronics may be made by embedding a wire or a cable having multiple wires between two layers of a

conductive media (ink).

[000268] A conductive trace made from a conductive media may be made, for example from an insulating

media embedding a layer of conductive material.

[000269] FIGS. 10A-B shows a method of manufacturing an insulating media by embedding a layer of a

conductive material. Such a media may be made from (at least) three layers: a first layer may be made from an

insulating media, a second layer may be made from a conductive media (which may comprise conductive

particles or a mixture of insulating media and conductive particles (such as ultrafine copper particles at very

high concentration) and a third layer made from an insulating media (which may comprise the same or a

different media as the first layer). These three layers may be deposited during three consecutive phases during

the printing process. A state of any or all of the layers may be changed during the manufacturing. For example,

any or all of the layers, such as the first insulating layer, the second conductive layer, or the third insulating

layer (or any additional layers) may be made by solidifying a flexible media, which may include solidifying an

adhesive, a glue, a polymer, etc. Solidifying a media may generate a conformable transfer. The inner layer may

allow a conductivity of the order of square and may be extensible. Such a media may be used to conduct

electrical current to/from a media-based (ink-based) sensor or electrodes (as described above) and/or to allow

easy connections with ink-based sensors or electrodes (as described above). A conductive trace made from a

conductive media may be made by embedding a conductive wire or a conductive cable in an insulating media.

[000270] A conductive trace may be made by incorporating a conductive material such into a polyimide

material (e.g. Kapton® film from DuPont), which may be a thin, flexible material. Such conductive traces may

be incorporated into a plurality of layers of conductive media (conductive ink). A Kapton® based conductive

trace may be manufactured as a "transfer sheet" which may, for example, subsequently be printed onto a shirt to

create an intelligent shirt. A Kapton®-based trace may be manufactured by the steps of providing a substrate;

depositing a first set of conductive ink layers on the substrate; depositing a set of polyimide (Kapton®) traces

onto the first set of conductive ink layers (e.g. manually, by means of a specifically designed template to



facilitate the process, etc.); depositing a series of conductive ink layers onto the polyimide layer (Kapton® (e.g.

by serigraphy); and depositing an adhesive material onto the conductive ink layers. Additional steps may

include the steps of depositing one or more other conductive media (conductive ink) onto the substrate,

depositing one or more sensors onto the substrate, depositing one or more other conductive media (conductive

ink) onto a conductive ink layer, depositing one or more sensors onto a conductive ink layer, depositing one or

more other conductive media (conductive ink) onto a polyimide (Kapton®) layer, and/or depositing one or more

sensors onto a polyimide (Kapton®) layer. Such conductive media and/or sensor may be deposited in electrical

contact in the Kapton®-based conductive trace (but not as a layer in the trace) or may be deposited as a part or

layer within the Kapton®-based conductive trace. Depositing such a conductive media (conductive ink) or

sensor may provide the advantage of facilitating the process of transferring onto the shirt a conductive media

(conductive ink) body sensor, a conductive media (conductive ink) interactive sensor (touch point), another

conductive media (conductive ink) trace, a Kapton®-based conductive trace, a part of a flexible Kapton®- pcb

(printed circuit boards) that may hold another sensor (such as an accelerometer). Depositing such a conductive

media (conductive ink) or sensor onto a trace and transferring the trace including such conductive media

(conductive ink) or sensor may provide the advantage of allowing an electrical signal, a power supply, and/or a

ground signal to be brought to/from a sensor, to/from a sensor amplifier, to/from a power supply, and/or to/from

part of a conductive ink used as a sensor (e.g. parts of conductive ink in contact with a user's skin and useful for

detecting, for example, an ECG signal, an EMG signal, skin conductance, and/or conductive ink used as an

interactive sensor (touch point). A trace may be, for example, less than 0.03 mm, between 0.03 to 0.1 mm,

between 0.1 mm to 0.3 mm, between 0.3 mm to 0.5 mm, or greater than 0.5 mm in thickness.

[000271] In some embodiments, a conductive wire or a conductive cable may be embedded in an insulating

media (insulating ink) to form a conductive trace. Such an insulating media may comprise three parts (which

will be described for simplicity as three layers): a first layer made from an insulating ink, a conductive wire (or

a cable comprising multiple conductive wires), and a second layer made from a second insulating ink, which

second insulating ink may be the same or a different insulating ink as used in the first layer. The steps of the

printing process may include: depositing the first insulating layer onto a print support; positioning the

conductive wire/cable onto the first layer; securing the conductive wire/cable on the print support; printing the

second insulating layer; and leaving (only) the terminal parts of the wire/cable outside of the insulating ink.

Such a wire/cable allows for conductivity. Such a conductive trace may be manufactured on a first surface and

transferred to a second surface, such as an intelligent wear garment item. Such a transfer may include

generating a trace inside a seam, such as on an intelligent wear garment. Such a seam may be made, for

example, by welding a trace between two layers of fabric, by bonding the fabric (such as with a chemical or

heat). In some embodiments, such a conductive trace may have extensibility. In some embodiments, such a

conductive trace may lack extensibility. Such a conductive trace may be used, for example, to bring a sensor



condition and/or a power supply to a sensor or to an electrode (e.g. accelerometers, temperature sensor, etc.) so

that a sensor and/or power supply may be placed in any location on the shirt (e.g. on the arms); or it may be

used to bring an electrical signal (e.g., variable current or voltage) from a sensor or electrode (e.g. an

accelerometer, a temperature sensor, etc. ) placed in any location on the shirt (e.g. on the arms) to the smart

module.

[000272] In some embodiments, an intelligent wear garment item may include an interactive sensor system,

including an interactive sensor (touch point). Such an interactive sensor may be any type that allows a user to

trigger a response, such as by proximity, by a touch, or by a voice command. An interactive sensor may, for

example, comprise, a resistive touch point, a direct contact capacitive touch point, or a contactless touch points

(through an outer garment). FIGS. 11A-B show touch points. A resistive touch point may be created, for

example, by printing a plate of conductive media (ink), such as one which is formed by two apposed non-

connected regions such as circles or in a comb-like pattern. By a simultaneous contact of the half-parts, the

touch point (formed by the two apposed half parts) is closed to complete an electrical circuit is and a small

electrical current is allowed to flow. Such a current may be generated by a voltage generator (such as one

internal to a smart module). Such a current may travel from (or to) a smart module to a touch point via as a

connecting trace such as one formed by a conductive ink media as described above). A plurality of such touch

points may be placed in multiple sites on an intelligent wear garment item, such as on the outer part of the

compression shirt. A touch point may include any shape and any size so long as a user is able to interact with it

to generate an interactive sensor signal. In some embodiments, an apposed non-connected region may be less

than 1 cm, from 1 cm to less than 3 cm, from 3 cm to less than 5 cm, from 5 cm to less than 7 cm, or may be

greater than 7 cm in a longest dimension (such as a diameter).

[000273] An interactive sensor may comprise a capacitive touch point. Such a capacitive touch points may be

created in any way. FIG. 1 A shows a direct capacitive touch point and FIG. 12B shows a capacitive touch

point that may work by proximity (e.g. a signal that may be travel through an outer garment such as by a finger

coming close to the touch point). A capacitive touch point may be created, for example, by printing three layers

of material: a first layer comprises a first conductive ink; a second layer comprises an insulating ink; and a third

layer comprises a conductive ink, which ink may comprise the same composition or a different composition

from the first conductive ink. The first layer may be connected through a conductive ink (such as a conductive

material in an insulating ink) to an electrical ground signal. The third layer comprises a 'sensing' region (or

plate) for touching. Between the first (receiver) layer and the third (transmitter) layer an electric field is formed.

Most of the field is concentrated between these two layers. However, a fringe electric field extends from the

transmitter, out of the receiver, and terminates back at the receiver. The field strength at the receiver is

measured by proper electronics. The electrical environment changes in response to a stimulus, such as when a



human hand/finger invades the fringe field and a portion of the electric field is shunted to ground instead of

terminating at the receiver. The resultant decrease in capacitance can be detected by proper electronics.

[000274] A peripheral sensor (e.g. a sensor that is not part of the module such as a body sensor or interactive

sensor, which sensors may be, for example an ink-based sensor or a traditional sensors, such as one

implemented by an integrated circuit soldered on a rigid or flexible printed circuit board (PCBs)) may be

connected to the smart module in any way. Such a connection may be, for example, made by a wire and/or a

cable. Such a wire and/or cable may be fixed on the garment in any way, such as, for example, by: a) insulating

ink embedding a conductive wire or a conductive cable (see description above) or by b) embedding a wire

and/or a cable into a welded seam or into a seamless weld (e.g. may be smooth without an obvious join or

seam), etc. A method of making a seamless weld with a trace may include overlapping two fabric portions, such

as a compression polyester fabric, inserting a trace (e.g. such as a wire or cable) between the overlap and

welding the fabric to connect the two fabric portions and thereby contain the trace inside the weld. A weld may

be performed in any way, such as using heat to join the two fabric portions.

[000275] FIGS. 13A-B show an external view (FIG. 13A) of the outside and an internal view (FIG. 13B) of

the inside of an embodiment of an intelligent wear shirt 202 with a plurality of body sensors, interactive sensors,

connective traces and a collar useful for connecting and communicating between the front and back of the

intelligent wear garment or intelligent wear system. Shirt 202 is configured to measure respiration using a two-

part sensor system to measure both thoracic respiration using thoracic respiratory sensor 204 and abdominal

respiration using abdominal respiratory sensor 206. The respiratory sensors may work such as described

elsewhere in the disclosure or as known in the art, and provide sensor data from either or from both sensors to

the sensor module. The data generated by the sensors may be integrated (by the sensor manager) to generate the

user's total respiratory volume. The respiratory sensors in FIG. 13A utilize common respiratory ground 208

(which may be any sort of trace, such as a conductive trace as described herein) which grounds abdominal

respiratory sensor 210 through abdominal respiratory sensor ground 214 to common respiratory ground 208.

Such a common ground may reduce the amount of conductive trace material required (and associated material

and manufacturing costs). As a conductive trace may be less extendible or less flexible than the extendibility or

flexibility of a conformable garment, use of a common ground trace may also increase the garment comfort

relative to having separate ground traces. Body signals from thoracic respiratory sensor 204 and abdominal

respiratory sensor 210 travel, respectively, via thoracic respiratory sensor connector 212 and abdominal

respiratory sensor connector 214 to the top of the shirt in which a connected trace on either side (which may be

a Kapton® connected trace running under first interactive sensor external connector 216 and under second

interactive sensor external connector 218) carries the signal into the collar, which in turn connects with the

sensor module in the back of the shirt. A shirt collar may be more stiff or rigid compared with other shirt

material and the shirt may still be very comfortable. For example, shirt collars of street apparel are commonly



reinforced in order to render them stiff. A relatively stiff connector trace or series of traces may run more or less

circumferentially around the shirt collar which may allow the connector traces to transfer signals from the front

to the back of the shirt with minimal or no unwanted shirt stiffness or discomfort. For example, the traces may

run through the collar rather than over the shoulder. FIGS. 13A-B also show that a plurality of connector traces

may be directed to a shirt collar. In the proximity of the collar, a Kapton® trace may be incorporated into the

terminal portion of each or a plurality of such traces (such as by the method described above). The Kapton®

traces from the terminal portion of the traces may be successively inserted into the collar and may bring the

signals (e.g. all the signals) to the back part of the shirt, where the terminals of the Kapton® traces may be

connected to the intelligent communication system/intelligent sensor manager. The collar may also output the

traces to the more medial (middle) region of the back of the garment, which puts the traces in a direct vertical

path to the sensor module in the back of the shirt. FIGS. 13A-13B also show first and second interactive sensors

useful for generating a user-generated signal (such as described elsewhere) such as by a touch or a proximity of

a user's hand. Such an interactive sensor may have two layers separated by an insulator. The insulator may be a

material special to the sensor or the insulator may be part of the shirt. FIG. 13B shows first external interactive

sensor 220 and second external interactive sensor 244 on the outside of the shirt and juxtaposed with first

internal interactive sensor 240 and second internal interactive sensor 244 on the inside of shirt 202 respectively.

The internal and external sensors are separated by a dielectric material (e.g. an insulator), which in this case is

the shirt material which has dielectric properties. Such external and internal sensors may be generated, for

example, by separate transfers to the outside and inside of the shirt, respectively. The use of separate transfers to

the inside and outside of the shirt may be made for any reason, such as to increase ease of manufacture, reduce

material costs, increase flexibility (for example, because the sensors will be thinner), etc. Sensors, such as

respiration sensors and interactive sensors, and their connectors may comprise conductive media (conductive

ink) for detecting a body signal and for transmitting the signal to the sensor module. A trace, such as a

connector trace (or a plurality of different connector traces) may run on a garment in a substantially vertical

direction, but not in a horizontal direction, to allow the garment to expand in a garment horizontal plane (e.g.

"around" the garment's circumference), but may reduce, inhibit, or prevent garment expansion (extension) in

some or all garment vertical planes (e.g. "up and down"). A trace, such as a sensor trace or a connector trace,

may run in a horizontal garment plane or a diagonal garment plane in some instances, so that the trace does not

substantially interfere with body movement. FIGS. 13A-B shows common ground 208 and thoracic respiratory

sensor connector 206 and abdominal respiratory sensor connector 212 travelling diagonally through the

shoulder region of the garment. Such an area may require less garment extendibility compared with another

region. Alternatively, a diagonal trace may comprise a substantially extendible material. For example, a

respiratory sensor and a respiratory connector trace may be substantially flexible and extendible. FIGS. 13A-B

also show first external interactive sensor 220 and second external interactive sensor 244 on the outside of the



shirt respectively connected with first interactive sensor external connector 216 and second interactive sensor

external connector 218 (which may be Kapton® traces as described above). First interactive sensor external

connector 216 and second interactive sensor external connector 218 are configured to carry the interactive

signals into the collar region, to the back of the collar region, and to the sensor module on the back of the shirt.

Similarly, first internal interactive sensor 240 and second internal interactive sensor 244 on the inside of shirt

202 are respectively connected with first interactive sensor internal connector 260 and second interactive sensor

external connector 262 (which may be Kapton® traces as described above) which are configured to carry the

interactive sensor signals into the collar region, to the back of the collar region, and to the sensor module on the

back of the shirt.

[000276] FIGS. 13A-B also show first accelerometer 228 and second accelerometer 230 at or near either

wrist of the intelligent wear user and carried, respectively by first accelerometer connector trace 231 and second

accelerometer connector trace 229. Signal from such sensors that are relatively distant from the sensor module

may need to travel a relatively long distance. A longer signal travel distance may mean too much signal strength

loss. In some embodiments, a connector may include a material configured to carry a signal a relatively further

distance without losing too much signal strength. Such a material may be, for example, a material with good

dielectric quality and sufficient flexibility. For example, such a material may be a polyimide, such as Kapton®

(DuPont). Such a trace may travel along, for example a sleeve and may be anywhere along the sleeve, such as in

or along a seam or away from the seam. FIG. 13B also shows first heart sensor 220 and second heart sensor 242

on the inside of shirt 202 that may be useful for determining heart rate, such as an electrocardiogram sensor

(EKG sensor). Such a position enables the sensors to directly contact the skin to obtain readings, such as

electrical readings, from the user's body. The sensors are connect with an EKG connector trace 242 to each

other (such as for the reasons described elsewhere herein) and to second collar internal connector 262 to send

the signal to the collar and onto the sensor manager on the back of the shirt.

[000277] FIGS. 14A-B shows embodiments of shirts with shirt collars configured for communicating

between the fronts and backs of the shirts. FIG. 14A shows a V-neck shirt 274 with a V-neck shirt collar while

FIG. 14B shows a round-neck shirt 300 with a round-neck shirt collar. Such collars include two layers, an outer

layer and an inner layer. One or more than one conductive trace may be placed (including adhered) between the

layers (or on either surface of either layer). Other shirts may have a single layer with or without a trace on the

external surface or the internal surface. Other shirts may have a plurality of layers and a trace may be placed

anywhere along a layer. V-neck shirt 274 includes V-neck shirt collar 276 with a V-neck shirt collar outer layer

278 and a V-neck shirt collar inner layer 280. The front portion includes holes on either side of V-neck shirt

collar 276. A first side (left side) of the collar may include a first outer V-neck shirt collar hole 282 in the outer

(or external) layer of the fabric and a first inner V-neck shirt collar hole 284 in the inner (or internal) layer of

the fabric. As shown, first outer V-neck shirt collar hole 282 and the first inner V-neck collar hole 284 shirt



collar hole 284 line up so as to create a through-hole between the layers of fabric. The edges of such holes may

be partially bound (e.g. adhered, sewn, welded, etc.) together. A second side (right side) of the collar also

includes a second outer V-neck shirt collar hole 286 in the outer (or external) layer of the fabric and a second

inner V-neck shirt collar hole 288 in the inner (or internal) layer of the fabric. In some embodiments, such holes

may be offset from one another and do not create a through-hole. In some embodiments, a garment may have

only an outer hole or a garment may have only an inner hole. In some embodiments, a garment may have one,

two, three, four, or more than four holes in the outer layer, the inner layer, and/or any intervening layers. Such

holes may be useful as a conduit for extending a trace from a surface of the garment to the internal portion of

the collar for conducting a signal, power, or anything else to/from the collar. An external hole may be useful for

extending an external trace, such as an abdominal respiratory trace 212, from an external front of a shirt into the

collar, which trace may then extend to the sensor module in the back of the shirt. An internal hole may be useful

for extending an internal trace, such as a heart rate trace 242 on an inside front of a shirt into the collar. FIG.

14A also shows first rear V-neck shirt collar hole 290 on an external surface of the first (left) side of the shirt

collar and second rear V-neck skirt collar hole 292 on an external surface the second (right) side of the shirt

collar at the back of V-neck shirt collar 276. Such holes may be useful to extend a trace from inside the collar,

down the back of the shirt, and to the sensor module. It is noted that sensor and power may travel in any

direction (to/from or from/to) in any such traces. As shown, the rear collar holes only extend through the

external (outer) collar layer. In some embodiments, a rear collar hole may be in any location and any relative

configuration, as described above for the front collar holes. A trace running through a collar region may be any

material. As the collar may be more rigid and/or less extensible than other portions of the garment, a trace may

be a relatively rigid trace that may, for example, be a better conductor and reduce signal or power loss. In some

embodiments, a trace may be a polyimide material (e.g. Kapton). A trace (e.g. from a front of a shirt) may be

connected with the collar region such as by a weld. Two pieces may be soldered together. A hole may be any

size and any shape useful for conducting a trace, such as round, oval, square, rectangular, hexagonal, irregular,

etc. less than 1 cm in a longest dimension, from 1cm to 2 cm in a longest dimension, from 2 cm to 3 cm in a

longest dimension, from 3 cm to 4 cm in a longest dimension, or may be more than 4 cm. A garment may have

1 collar hole, 2 collar holes, 3 collar holes, 4 collar holes, 5 collar holes, 6 collar holes, or more than 6 collar

holes. FIG. 13B shows an embodiment of a round-neck shirt 300 with a round-neck collar 302. As described

above, round-neck shirt collar 302 includes a round-neck shirt collar outer layer 304 and a round-neck shirt

collar inner layer 306. The collar includes a first outer round-neck shirt collar hole 308 and a first inner round-

neck shirt collar hole 310 on a first (left) side of the collar and a second outer round-neck shirt collar hole 312

and a first inner round-neck shirt collar hole 314 on a second (right) side of the collar. The shirt also includes

two outer holes on the rear of the collar, a first rear round-neck shirt collar hole 316 and a second rear round-

neck collar hole 318. All such holes may have the same configuration, number, etc. as described above. The



shirt also includes a rear round-neck shirt collar seam; the V-neck shirt collar includes both front and rear

seams. Garments and collars may have seams as appropriate, e.g. for function or for aesthetics. A seam may be

made for any reason, such for ease in manufacturing (e.g. to hold two or more portions of fabrics together) or to

provide a space (a conduit) for a conductive trace, a sensor module, etc.

[000278] FIGS. 15 A-D show different views of a wearable communication device 322 that may be used with

an intelligent wear garment and may connect with a sensor module which may provide inputs (such as what

music to play, etc.) to a user of the wearable communication device.. Wearable communication device 322

includes base region 324, sensor module connector 334, optionally sensor module 336, first collar arm 338 and

second collar arm 340.

[000279] EXAMPLE: FIGS. 16A-B show an intelligent wear shirt 364 on a model and worn over street

clothing 366. The shirt includes a plurality of sensors, including respiration sensor 368 connected to the collar

region by respiration sensor connector 370, sensor 372, and sensor connector. FIG. 16B shows data obtained

from a respiratory sensor such as the one shown in FIG. 16A during use by an intelligent wear garment user.

The variation of resistance (due to sensor elongation during breathing) is shown as a function of time. Samples

were taken at 100 Hz. Each "1000" mark on the X axis represents one second.

[000280] The intelligent wear systems described herein may be used by groups intelligent wear systems for

various purposes.

[000281] Bio-competitions: An intelligent wear data system may be configured to create a rankings of users

(e.g. such as worldwide) based on their performances. Such a ranking may categorized by activity. Each user

may be able to challenge other user based on specific activities or data, and gain scores that will position

him/her higher in rankings such as in when victorious. Such a system may generate an engaging game-like

experience and response.

[000282] As fingerprints can be matched through biometrics, users can search for random 'competitors' that

exactly match their capabilities for a fair challenge. Example 1: two break-dancers can compete on the number

of head spins. Example 2 : gymnasts can compete in the perfect execution of a somersault. An intelligent wear

data system application may synchronize the competitors and measure their performances simultaneously.

Challengers may be physically far away one each other and the intelligent wear data system may be configured

to track the results and elect a winner.

[000283] Bio-support to official games: An intelligent wear data system as described herein may track

biometrics and sensors used in different types of competitions, such as the official games (e.g. the Olympic

Games). An intelligent wear data system as described herein may be used to approve, determine, and/or track

the valid execution of a competition. For example, an intelligent wear data system may be used to check or

ensure that runners in a race start at the correct time (e.g. that they don't cheat at the start). In another example,

an intelligent wear data system as described herein may indicate violations such as a player being offside in a



soccer game, etc. An intelligent wear data system as described herein may monitor the physiological status of

an athlete. Such a monitoring may comprise verifying that an athlete is not doping, such as in a competition or

game such as baseball, bicycling, football, etc. Such monitoring may be performed through a specific sensor,

such as a drug detecting sensor. An intelligent wear data system as described herein may be used for

determining objective feedback in a competition or game. For example, rather than evaluating a gymnast or

other athlete through subjective votes based on a judge's personal interpretation of an execution of an action, an

intelligent wear system biometric analysis may be used to provide or contribute to the evaluation, such as by

providing objective and reliable feedback on a performance, such as balance, body alignment, speed, etc.

[000284] Intelligent wear may allow a user to express themselves not only through 'verbal' communication

but also through 'physical' communication. As such, it may provide an instantaneous sharing of information

and 'facts' while a user 'action', and increasing the chances of communicating the truth (such as a state of mind

or state of body) about an individual (e.g. an intelligent wear user). As such, it may represent a third

communication platform (after computers and mobile devices). Communication may be physical in various

settings such as follows. Communication may be physical in an 'orchestra-type' direction: Such communication

may be similar to how musicians can be directed by an orchestra director through the director's physical

movements: a group intelligent wear garment items users may be 'directed' (e.g. 'conducted') into performing a

coordinated performance by an intelligent wear system (e.g. an intelligent wear system director). Such a

'direction' may comprise communicating with each individual user such as through the module, the speakers,

the headsets, the sensors and/or activators in the users' apparel. In addition to conducting music, a director may

also conduct a dance, an expression (e.g. an interpretation or a response to an intelligent wear user's inputs), an

athletic activity or exhibition, a sports activity or exhibition, sport fans' support of their teams, manifestations,

celebrations, etc.

[000285] A 'director' may be able to 'conduct' and create music through the users' speakers and/or play,

chant, and/or speak through them in a coordinated way similar to the way a 'director' directs an 'orchestra'. A

'director' may also direct (or control) activators, such as haptic or other activators, in the shirts so as to guide

the users into singing, chanting, dancing, moving (such as coordinating a movement such as a 'wave' or other

fans' expression in a stadium, or simply other groups/crowd communal expression), performing athletics, etc. A

user may perform (sing, speak, dance, run, plays tennis, etc.) by responding to their apparel activators' signals

from the director. A director may direct by communicating/giving a group of users instructions such as through

a vocal instruction (e.g., through an apparel headsets or speakers) or a haptic instructions (e.g., through touch

feedback/vibration through an activators in their intelligent garment). A user controls may control certain

aspects of a system. A user may choose to participate (or not participate) in an event by connecting or

disconnecting from the 'director'. A user may control a volume of the speakers. Such an 'orchestra-type'

direction may be used at, for example, a sporting event, a concert, an exhibition, a political event, a parade, a



carnival, a flesh mob, a group celebration, a self-organized event, a rally, an inauguration, etc. Similar to a

director, an event organizers may coordinate large groups (e.g. thousands, hundreds of thousands) of intelligent

wear users (though their apparel). Such a group may participate in an event by (coordinate) singing, chanting,

dancing, emitting light, social networking and/or performing other activities in unison. Such coordination of

intelligent wear users (though their apparel) may be directed by, for example, an organizer of a concerts,

exhibition, political event, parade, carnival, etc. to provide (or ensure that) expressions that are in line with the

spirit of the event they have organized. Such coordination of intelligent wear users (though their apparel) may

be directed by, in a sports event, a fans of one of the teams who may 'direct' a few, some (or a section/wing of),

or all of the fans into a coordinated show support of the team. Such coordination of intelligent wear users

(though their apparel) may such as in a group celebration, party, self-organized event, be directed by an

organizer or by a plurality of participants, such on a rotation schedule, or by the 'will of the group' who may

direct the participants into coordinated expressions, dances, singing, chants, movements, celebrations, screams,

etc. The 'will of the group' refers to the synthesis of what the group desires. Such a synthesis, for example,

may be determined by an intelligent garment system algorithm. Such coordination of intelligent wear users

(though their apparel) at a sports events, may include coordinating fans activities such as a) synchronizing

speakers (so as to synchronize a chant, formation, shouting a player's name, booing a referee, etc.), or b)

synchronizing haptic vibration codes (l=waves, 2=chant, etc.) which may be adapted to local fans' cultural

behavior. Such coordination of intelligent wear users (though their apparel) at a sports events, may include

coordinating an event message such as synchronizing LED displays on fans' T-shirts to display a stadium

message such as, "goooaaalll" or an image such as a flag. A flag image may be created by mapping the fans

and using them as 'human pixels' in a 'bleaches screens'.

[000286] Another aspect of the invention comprises generating a video output based on an intelligent wear

garment user's movement. Such a video output may include a camera-less video production. Such a video

output may comprise using an intelligent wear 'shooting' apparel item. A video based on an intelligent wear

user may be generated (produced) by the transformation of body sensor signals (for example, biometric signals).

Such body sensor signals may include any signals as described herein or as known in the art, such as measuring

a vital sign, measuring palpitations, measuring or inferring an emotional state, determining body movements

(which may be determined very precisely), assaying sounds, sighs, and voice comments, etc. of the user. An

audio and/or visual images based on the body sensor signals may be generated. Such an audio or visual image

may be generated without a camera (e.g. without a video camera) recording or shooting the action. Such

biometric measurements (body sensor signals) may be taken by an intelligent wear 'video and audio-shooting'

garment through strategically positioned sensors measuring (and representing) biometrics of an intelligent wear

user 'in action'. Such a garment may be a flexible, conformable garment, such as a flexible, conformable body

suit, a leotard, socks, etc. Such a garment may have any of the capabilities, characteristics, elements, features,



etc. as described for any intelligent wear garment herein or as known in the art. Any analog sensor data may be

transformed into digital data, such as by a module into the intelligent wear leotard or other garment. Such data

may be used in any way to generate video and/or audio output. A user may generate such an output. A user's

biometric signals may be communicated (e.g. in real-time to the cloud into the users' intelligent wear page).

Any such data may then be translated into a video and audio output (for example, such as a stream) by

transforming the data into a representation (e.g. which may be an exact representation or may be a stylized

representation) of the user's looks (anatomy, features, etc.) and user's voice. Such a transforming may be

performed by 'applying' the user's real time movements to a pre-recorded 'avatar' of the user. A user may

choose a 'look' of the moment by choosing/changing the clothing, hair style, skin complexion, etc. of the

avatar). In one example, a flexible conformable garment useful for generating a video and/or audio output may

include a compression shirt with a (electrically connected) compression balaclava, a (electrically connected)

compression leggings and (electrically connected) compression socks. Sensors that may be particularly useful

include a plurality of tri-axial accelerometers (such as, a gyroscope and a magnetometer). Such sensors may be

placed, for example, at positions on (specific) synovial (diarthrosis) joints. Such joints may be particularly

useful because they are the most common and most movable type of joint in the body of a mammal. A 'video

and audio-shooting' garment may have any type and any number of sensors. In a particular example, an 'video

and audio-shooting' garment has about 19 accelerometers: one of each shoulders and hip (4), one on each knee

and elbow (4), one each hand (extensor indices) (2), one on each foot (e.g. on the hallux) (2), one on each ankle

(2), one on each wrist (2), one on the neck (rear) (1), one on the chin (1) and one on the upper parietal bone (1).

Such a garment may further have a heart-rate sensor, a microphone, a respiration sensor and a skin conductance

sensor. Such a sensor may be connected through a power trace to a module incorporated into the garment (such

as placed between the scapulae). Data and other information may be managed by a sensor management system

in the module. Such data and other information may be sent, e.g. by the intelligent wear module, to the cloud in

real time.

[000287] Another aspect of the invention comprises determining a user's garment fit by assaying an

intelligent wear garment fit. Such a determining may be used for determining a user's intelligent wear garment

fit or for determining any other type of garment fit (e.g. length, shape, size, etc.). Such a determining may be

performed, for example, by the user or may be performed remotely. A user's body dimensions and shape may

be determined from a plurality of body sensor signals from a plurality of body sensors on a flexible,

conformable, intelligent wear garment item fitted over a user. Such a garment may have, for example, a

plurality of rings (circles) configured to be placed around the limbs, the torso, the trunk, the neck, and/or the

head. Such a garment may have 1, from 2 to 5, from 6 to 10, from 11 to 20, from 2 1 to 50, or more than 50 such

rings. In a particular example, an intelligent wear garment useful for a fitting may have from 2 to 4 rings placed

along each leg, from 2 to 4 rings places along each leg, each forearm and each upper arm), from 4 to 6 rings



placed along the trunk and the torso, and 1 ring on the neck. Such intelligent wear fitting apparel may come in a

plurality of different sizes and may be calibrated for different dimensions. A change in an amount of stretching

of a ring may be used to determine a user's measurement. Such a user may use the information to choose a

particular garment size (or dimension, shape, etc.) or to custom-order a particular garment size (or dimension or

shape) to have a precise fitted, tailor made garment. Such a garment may be an intelligent wear garment or may

be another garment (e.g. non-intelligent wear garment).

[000288] An intelligent wear system may fulfill certain user's needs (ordering food, supplying a beverage,

supplying a nutritional supplement, supplying a vitamin, requesting/obtaining a service, providing health and/or

medical support, providing safety analysis and support, etc.) in real time based on the intelligent wear user's

true needs may be evaluated by intelligent wear system algorithms. Such algorithms may include analyzing,

assaying, and/or computing a user's biometrics measurements (e.g. of age, gender, ethnicity, physiology such

as body structure, the strength and weakness of their skeleton, joint flexibility, bone and other articulations,

organ health), psychological state (mind set, emotional responses, neurologic profile, psychological profile),

athletic needs (e.g. a soccer player may need more potassium then does a skier), activity (running, climbing,

skiing, etc.), spiritual elements (beliefs, religious or spiritual guidelines), needs responsive to particular time

(e.g. time of day), to weather, to a seasons, to a location and to users sensorial and economical preferences. A

user may see a recommendation (e.g. of what they need) described and evaluated, such as on a personal

intelligent wear web page or communicated to them (e.g. though a module, phone, etc.). Such needs and

recommendations may be assayed or determined by algorithms configured to use user measurements and other

parameters (such as those described above). Such an algorithm or an output from such an algorithm (e.g. a

recommendation) may be analyzed by an analyst such as a professional (e.g. a doctor, a nutritionist, a coach, a

trainers, etc. Such a professional may (or may not be) be chosen by the user.

[000289] As used herein an apparatus may include a device or a system.

[000290] When a feature or element is herein referred to as being "on" another feature or element, it can be

directly on the other feature or element or intervening features and/or elements may also be present. In contrast,

when a feature or element is referred to as being "directly on" another feature or element, there are no

intervening features or elements present. It will also be understood that, when a feature or element is referred to

as being "connected", "attached" or "coupled" to another feature or element, it can be directly connected,

attached or coupled to the other feature or element or intervening features or elements may be present. In

contrast, when a feature or element is referred to as being "directly connected", "directly attached" or "directly

coupled" to another feature or element, there are no intervening features or elements present. Although

described or shown with respect to one embodiment, the features and elements so described or shown can apply

to other embodiments. It will also be appreciated by those of skill in the art that references to a structure or



feature that is disposed "adjacent" another feature may have portions that overlap or underlie the adjacent

feature.

[000291] Terminology used herein is for the purpose of describing particular embodiments only and is not

intended to be limiting of the invention. For example, as used herein, the singular forms "a", "an" and "the" are

intended to include the plural forms as well, unless the context clearly indicates otherwise. It will be further

understood that the terms "comprises" and/or "comprising," when used in this specification, specify the

presence of stated features, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, steps, operations, elements, components, and/or groups thereof. As used

herein, the term "and/or" includes any and all combinations of one or more of the associated listed items and

may be abbreviated as "/".

[000292] Spatially relative terms, such as "under", "below", "lower", "over", "upper" and the like, may be

used herein for ease of description to describe one element or feature's relationship to another element(s) or

feature(s) as illustrated in the figures. It will be understood that the spatially relative terms are intended to

encompass different orientations of the device in use or operation in addition to the orientation depicted in the

figures. For example, if a device in the figures is inverted, elements described as "under" or "beneath" other

elements or features would then be oriented "over" the other elements or features. Thus, the exemplary term

"under" can encompass both an orientation of over and under. The device may be otherwise oriented (rotated 90

degrees or at other orientations) and the spatially relative descriptors used herein interpreted accordingly.

Similarly, the terms "upwardly", "downwardly", "vertical", "horizontal" and the like are used herein for the

purpose of explanation only unless specifically indicated otherwise.

[000293] Although the terms "first" and "second" may be used herein to describe various features/elements,

these features/elements should not be limited by these terms, unless the context indicates otherwise. These

terms may be used to distinguish one feature/element from another feature/element. Thus, a first feature/element

discussed below could be termed a second feature/element, and similarly, a second feature/element discussed

below could be termed a first feature/element without departing from the teachings of the present invention.

[000294] As used herein in the specification and claims, including as used in the examples and unless

otherwise expressly specified, all numbers may be read as if prefaced by the word "about" or "approximately,"

even if the term does not expressly appear. The phrase "about" or "approximately" may be used when

describing magnitude and/or position to indicate that the value and/or position described is within a reasonable

expected range of values and/or positions. For example, a numeric value may have a value that is +/- 0.1% of

the stated value (or range of values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value

(or range of values), +/- 5% of the stated value (or range of values), +/- 10% of the stated value (or range of

values), etc. Any numerical range recited herein is intended to include all sub-ranges subsumed therein.



[000295] Although various illustrative embodiments are described above, any of a number of changes may be

made to various embodiments without departing from the scope of the invention as described by the claims. For

example, the order in which various described method steps are performed may often be changed in alternative

embodiments, and in other alternative embodiments one or more method steps may be skipped altogether.

Optional features of various device and system embodiments may be included in some embodiments and not in

others. Therefore, the foregoing description is provided primarily for exemplary purposes and should not be

interpreted to limit the scope of the invention as it is set forth in the claims.

[000296] The examples and illustrations included herein show, by way of illustration and not of limitation,

specific embodiments in which the subject matter may be practiced. As mentioned, other embodiments may be

utilized and derived there from, such that structural and logical substitutions and changes may be made without

departing from the scope of this disclosure. Such embodiments of the inventive subject matter may be referred

to herein individually or collectively by the term "invention" merely for convenience and without intending to

voluntarily limit the scope of this application to any single invention or inventive concept, if more than one is,

in fact, disclosed. Thus, although specific embodiments have been illustrated and described herein, any

arrangement calculated to achieve the same purpose may be substituted for the specific embodiments shown.

This disclosure is intended to cover any and all adaptations or variations of various embodiments.

Combinations of the above embodiments, and other embodiments not specifically described herein, will be

apparent to those of skill in the art upon reviewing the above description.



CLAIMS

1. A sartorial communications apparatus, the apparatus comprising:

a flexible garment configured to continuously conform to a user's body when the garment is worn

by the user;

a body sensor on the garment configured to generate a body sensor signal describing one or more of

the user's position, the user's movement, and the user's physiological status;

an interactive sensor on the garment configured to generate an interactive sensor signal when the

user manually activates the interactive sensor;

a sensor module interface configured to connect to a sensor module that is configured to receive

and analyze or transmit or analyze and transmit the body sensor signal and the interactive

sensor signal;

a first conductive trace on the garment connecting the body sensor to the sensor module interface;

and

a second conductive trace on the garment connecting the interactive sensor to the sensor module

interface.

2. The apparatus of claim 1, wherein the flexible garment comprises a compression garment.

3. The apparatus of claim 1 or 2, wherein the flexible garment comprises a first axis, and a second axis

perpendicular to the first axis wherein the garment is configured to change in size in the first axis but

not in the second axis.

4. The apparatus of any of the preceding claims, wherein the garment comprises at least one of: pants, a

shirt, or shorts.

5. The apparatus of any of the preceding claims, wherein the garment comprises a shirt having a front and

a back, further wherein the sensor module interface comprises a pocket configured to hold the sensor

module.



6. The apparatus of any of the preceding claims, wherein the body sensor comprises one of: an

accelerometer, an electrocardiogram (ECG) sensor, an electroencephalography sensor (EEG), and a

respiratory sensor.

7. The apparatus of any of the precedeing claims, further comprising a second body sensor configured to

generate a second body sensor signal describing one or more of the user's position, the user's

movement, and the user's physiological status.

8. The apparatus of any of the precedeing claims, wherein the conductive trace comprises a conductive ink

layer on an inner surface or an outer surface, or the inner and outer surfaces of the garment.

9. The apparatus of any of the preceding claims, wherein the conductive trace is flexible.

10. The apparatus of any of the preceding claims, wherein the conductive trace is stretchable.

11. The apparatus of any of the preceding claims, further comprising a seam enclosing the conductive trace.

1 . The apparatus of any of the preceding claims, wherein the interactive sensor is configured to transmit a

first interactive sensor signal when the user manually activates the interactive sensor once and to

transmit a second interactive sensor signal when the user manually activates the interactive sensor twice

in succession, wherein the first interactive sensor signal is different from the second interactive sensor

signal.

13. The apparatus of any of the preceding claims, further comprising a second interactive sensor on the

garment configured to generate a second interactive sensor signal when the user manually activates the

second interactive sensor.

14. The apparatus of any of the preceding claims, wherein the interactive sensor is on a front of the

garment.

15. The apparatus of any of the preceding claims, wherein the sensor module is configured to control a

microphone or a music playing device in response to the interactive sensor signal.

16. The apparatus of any of the preceding claims, wherein the garment, the body sensor, the conductive

trace, and the interactive sensor are configured to withstand washing in water.

17. The apparatus of any of the preceding claims, wherein the interactive sensor is configured to be

manually activated by a user through an intervening layer of clothing.



18. The apparatus of any of the preceding claims, wherein the interactive sensor comprises a capacitive or

an inductive sensor.

19. A sartorial communications apparatus, the apparatus comprising:

a flexible compression shirt configured to continuously conform to a user's body when worn by

the user;

a first body sensor on the shirt configured to sense a user's physiological status and generate a

physiological sensor signal;

a second body sensor on the shirt configured to sense a user's motion and generate a motion sensor

signal;

a plurality of conductive traces on the shirt each contained in a seam, the traces running in a

substantially vertical direction and configured to communicate signals from the first and second

body sensors to a sensor module for analysis; and

an interactive sensor on the shirt configured to transmit an interactive sensor signal to the sensor

module when the user's hand touches the interactive sensor.

20. A sartorial communications apparatus, the apparatus comprising:

a flexible garment configured to continuously conform to a user's body when the garment is worn

by the user;

a body sensor on the garment configured to sense one or more of: a user's position, a user's

movement, and a user's physiological status;

a conductive trace on the garment connected with the body sensor and configured to communicate a

body sensor signal from the sensor to a sensor module for analysis;

an interactive sensor on the garment configured to transmit an interactive sensor signal when the

user's hand activates the interactive sensor to control an audio output, a visual output, or an

audio and visual output in response to the interactive sensor signal; and

a pocket on the back of the garment configured to hold the sensor module.

21. A sartorial communications system, the system comprising:

a wearable flexible garment comprising:



a body sensor comprising a first region of the garment and configured to sense one or more

of: a wearer's position, a wearer's movement, and a wearer's physiological status;

an interactive sensor comprising a second region of the garment and configured to transmit

an interactive sensor signal when the wearer's hand activates the interactive sensor;

a pocket on the garment

a first conductive trace on the garment connecting the body sensor to the pocket and

configured to communicate the body sensor signal from the body sensor; and

a second conductive trace on the garment connecting the interactive sensor to the pocket

and configured to communicate the interactive sensor signal from the interactive

sensor;

a sensor module configured to be removably held within the pocket and to connect to the first and

second conductive traces and to receiving the body sensor signal and the interactive sensor

signal and to provide a feedback output.

22. The system of claim 21, wherein the wearable flexible garment is configured to continuously conform

to a wearer's body when the flexible garment is worn by the wearer.

23. The system of claim 2 1 or 22 wherein the garment is configured to be worn on the wearer's torso.

24. The system of any of the claims 2 1 to 23, wherein the flexible garment comprises a plurality of body

sensors for generating a plurality of body sensor signals, and the body sensors are connected with a

plurality of conductive traces to the pocket

25. The system of any of the claims 2 1 to 24, wherein the sensor module is configured to process the body

sensor signal and the interactive sensor signal and to generate a feedback output.

26. The system of any of the claims 2 1 to 25, wherein the sensor module is configured to output one of an

audio output, a visual output, and a tactile output.

27. The system of any of the claims 2 1 to 26, further comprising a speaker, an earphone, or a speaker and

an earphone, connected with the sensor module.

28. The system of any of the claims 2 1 to 27, wherein the feedback output signal is configured to be sent to

another individual, a computer, or a website.



29. The system of any of the claims 2 1 to 28, wherein the wearable flexible garment further comprises a

haptic actuator configured to provide a tactile sensation to the wearer based on the feedback output.

30. The system of any of the claims 2 1 to 29, further comprising a second wearable flexible garment in

electrical communication with the first garment.

31. The system of claim 30, wherein the first garment comprises a shirt and the second garment comprises

one of pants or shorts.

32. The system of any of the claims 2 1 to 31, further comprising a collar comprising at least one of a

microphone or a speaker and configured to wrap at least partially around a wearer's neck.

33. The system of claim 32, wherein the collar comprises a base region configured to connect with and

provide electrical communication between the sensor module and at least one of the microphone,

earphone, or speaker.

34. A method of manufacturing a sartorial communications apparatus including a flexible compressive

garment and a plurality of sensors, the method comprising:

placing an insulating fluid media onto a transfer substrate, the fluid comprising an adhesive;

placing a conductive material on the first insulating fluid media to create a conductive electrical

trace;

solidifying the first insulating fluid media to create a flexible insulated connective trace; and

removing the insulated conductive trace from the transfer substrate and attaching the insulated

conductive trace on a flexible compressive garment.

35. The method of claim 34 further comprising placing additional insulating fluid media on the conductive

material and solidifying the second insulating fluid media.

36. The method of claim 34 or 35, wherein the conductive material comprises a conductive fluid media, the

method further comprising solidifying the conductive fluid media.

37. The method of any of the claims 34 to 36 wherein placing a conductive material on the insulating fluid

comprises placing conductive particles on the insulating media.

38. The method of any of the claims 34 to 37 wherein placing a conductive material comprises placing a

conductive wire on the insulating media.



39. The method of any of the claims 34 to 37 wherein attaching the transfer to the flexible garment

comprises adhering the insulated conductive trace to the garment with an adhesive.

40. The method of any of the claims 34 to 39 wherein attaching the transfer to the flexible garment

comprises sealing the insulated conductive trace in a seam in the garment.

41. The method of any of the claims 34 to 40 , wherein removing the insulated conductive trace from the

transfer substrate and attaching the insulated conductive trace on the flexible compressive garment

comprises applying heat to transfer the insulated conductive trace to the garment.

42. An output/input collar for a sartorial communications apparatus, the apparatus comprising:

a collar body configured to wrap at least partially around a user's neck;

a microphone within a housing of the collar body; and

a speaker output within the housing of the collar body; and

a base region configured to connect the collar body to a garment and to provide electrical

communication between a sensor module on the garment and the input/output collar when the

sensor module is connected with a plurality of body sensors on the garment.

43. The apparatus of claim 42, further comprising an earphone connected with the speaker output.

44. The apparatus of claim 42 or 43, further comprising a sensor module connected to the base region,

wherein the sensor module is configured to provide an audio output signal to the speaker output.

45. The apparatus of any of the claims 42 to 44 wherein the sensor module and the base region are rigidly

connected together.

46. A method of modifying a behavior of a person wearing a sartorial communications apparatus, wherein

the sartorial communications apparatus comprises a compression garment including a haptic feedback

and a plurality of body sensors integrated in the garment, the method comprising:

sensing one or more of the person's body position, movement, and physiological status with the

plurality of body sensors;

transmitting sensor signals from the body sensors to a sensor module attached to the garment;

generating an output signal based on the senor signals;

converting the output signal into a feedback for output by the haptic feedback on the garment; and

delivering the haptic feedback to encourage the person to modify a behavior.



47. The method of claim 46, wherein the sensor signals comprise body position signals, and wherein

delivering the haptic feedback comprises delivering a vibration to the person to encourage the person to

change a position.

48. The method of claim 46 or 47, further comprising analyzing the sensor signals to determine the

person's posture and generating an output signal when the person's posture is determined to be outside

of predetermined postural parameter values.

49. The method of any of the claims 46 to 48, further comprising analyzing the sensor signals to determine

one or more of the person's heart rate, respiratory rate, or heart rate and respiratory rate; and generating

an output signal when the person's heart rate, respiratory rate or heart rate and respiratory rate is

determined to be outside of predetermined parameter values.

50. A method of communicating with a sartorial communications apparatus, wherein the sartorial

communications apparatus comprises a compression garment including an interactive sensor and a body

sensor integrated in the garment and connected via integrated conductive traces with a sensor module,

the method comprising:

sensing one or more of a person's body position, movement, and physiological status with the body

sensor;

sensing one or more volitional contact signals with the interactive sensor;

transmitting the sensor signal from the body sensor to the sensor module, wherein the sensor

module is attached to the garment;

transmitting the volitional contact signal from the interactive sensor to the sensor module;

generating an output signal based on the senor signal and volitional contact signal; and

delivering the output from the garment.

51. The method of claim 50, further comprising controlling one or more activities of the control module

based on the volitional contact signals.

52. The method of claim 50 or 51, further comprising transmitting a plurality of volitional contact signals

from a plurality of interactive sensors to the sensor module.

53. The method of any of the claims 50 to 52, wherein delivering the output comprises outputting an

audible signal.

54. The method of any of the claims 50 to 53, wherein delivering the output comprises outputting a visible

signal.



55. A sartorial communications apparatus, the apparatus comprising:

a flexible garment comprising a fabric;

a plurality of interactive sensors integrated into the garment, each configured to sense a volitional

contact by the user and to generate a volitional contact signal when the user manually contacts

one or the interactive sensors;

a sensor module interface configured to connect to a sensor module for receiving and analyzing,

transmitting or analyzing and transmitting the volitional contact signals; and

a plurality of conductive traces on the garment connecting the interactive sensors to the sensor

module interface.

56. The apparatus of claim 55, further comprising a plurality of surface regions on the garment, wherein

each surface region corresponds to a contact surface for one of the interactive sensors.

57. The apparatus of claim 56, wherein each of the plurality of surface regions comprise a visual marker on

the fabric of the garment indicating the location of the interactive sensor corresponding to the surface

region.

58. The apparatus of any of the claims 56 to 57, wherein each of the plurality of surface regions is between

about 10 mm and about 150 mm in diameter.

59. The apparatus of any of the claims 55 to 58, further comprising at least one body sensor on the garment

configured to generate a body sensor signal describing one or more of the user's position, the user's

movement, and the user's physiological status.

60. The apparatus of claim 59, wherein the body sensor comprises one of: an accelerometer, an

electrocardiogram (ECG) sensor, an electroencephalography sensor (EEG), and a respiratory sensor.

61. The apparatus of any of the claims 55 to 60, wherein the flexible garment comprises a compression

garment configured to continuously conform to a user's body when the garment is worn by the user.

62. The apparatus of any of the claims 55 to 61, wherein the flexible garment comprises a first axis and a

second axis perpendicular to the first axis wherein the garment is configured to stretch in size in the first

axis but not to substantially stretch in the second axis.

63. The apparatus of any of the claims 55 to 62, wherein the garment comprises an undershirt.



64. The apparatus of any of the claims 55 to 63, wherein the garment comprises a shirt having a front and a

back, further wherein the sensor module interface comprises a pocket configured to hold the sensor

module.

65. The apparatus of any of the claims 55 to 64, wherein the conductive trace comprises a conductive ink

layer on an inner surface of the garment, an outer surface of the garment, or on the inner and outer

surfaces of the garment.

66. The apparatus of any of the claims 55 to 65, wherein the conductive trace is flexible.

67. The apparatus of any of the claims 55 to 66, further comprising a seam enclosing the conductive trace.

68. The apparatus of any of the claims 55 to 67, wherein the interactive sensor is configured to transmit a

first interactive sensor signal when manually activated by a first pattern of contact and to transmit a

second interactive sensor signal when manually activated by a second pattern of contact, wherein the

first interactive sensor signal is different from the second interactive sensor signal.

69. The apparatus of any of the claims 55 to 68, wherein the interactive sensors are on a front of the

garment.

70. The apparatus of any of the claims 55 to 69, wherein the interactive sensor is configured to be manually

activated by a user through an intervening layer of clothing.

71. The apparatus of any of the claims 55 to 70, wherein the interactive sensor comprises a capacitive or an

inductive sensor.

72. A sartorial communications apparatus, the apparatus comprising:

an undershirt comprising a fabric;

a plurality of interactive sensors integrated into the undershirt, each configured to sense a volitional

contact by the user through an intervening layer of clothing and to generate a volitional contact

signal when the user manually contacts one or the interactive sensors, wherein the interactive

sensors are capacitive or inductive sensors;

a sensor module interface configured to connect to a sensor module for receiving and analyzing,

transmitting or analyzing and transmitting the volitional contact signals; and



a plurality of conductive traces on the garment connecting the interactive sensors to the sensor

module interface.

73. A method of communicating with a sartorial communications apparatus, wherein the sartorial

communications apparatus comprises a garment including an interactive sensor integrated in the

garment and connected via an integrated conductive trace with a sensor module, the method

comprising:

sensing one or more volitional contact signals with the interactive sensor when a user touches the

interactive sensor through an intervening layer of clothing;

transmitting the volitional contact signal from the interactive sensor to the sensor module; and

generating or modifying an output from the sensor module in response to the volitional contact

signal.

74. The method of claim 73, further comprising presenting the output from the sensor module in response

to the volitional contact signals.

75. The method of claim 73 or 74, further comprising presenting the output, wherein the output comprises

an audible signal.

76. The method of any of the claims 73 to 75, further comprising presenting the output, wherein the output

comprises a visible signal.
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