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Receive sensor data generated by at least a first portion of a plurality of sensors
integrated into a smart garment, the sensor data indicating a level at which fabric of the
smart garment is stretched when worn by a user
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Determine, using a processor, based on the sensor data, at least one size change
parameter indicating at least one change in a size of the user
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Based on the at least one size change parameter indicating the at least one change in the
size of the user, determine whether a size of the smart garment is not suitable for the
smart garment to be worn by the user
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Responsive to determining that size of the smart garment is not suitable for the smart
garment to be worn by the user, output a notification indicating that the size of the smart
garment is not suitable for the smart garment to be worn by the user
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Responsive to determining that size of the smart garment is not suitable for the garment
to be worn by the user, output another notification indicating a garment size that is
suitable for the user
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Responsive to determining that size of the smart garment is not suitable for the garment
to be worn by the user, output another notification indicating a particular garment having
a garment size that is suitable for the user
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into a smart garment, the sensor data indicating at least one biometric parameter
indicating a state of health of a user
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Responsive to determining that the risk of the disease for the user exceeds the threshold
value, output a notification indicating the risk of the disease for the user
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Output another notification indicating a recommendation for the user to take at least one
action to mitigate a health risk resulting from the change in the state of health of the user
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SMART GARMENTS THAT IDENTIFY USER
CHANGES

BACKGROUND

[0001] The present invention relates to smart fabrics and,
more particularly, the use of smart fabrics in smart garments.
[0002] Smart fabrics are fabrics that include electronic
components. Smart fabrics can perform tasks that traditional
fabrics do not. For example, from an aesthetic perspective,
smart fabrics can be illuminated and/or change color. Smart
fabrics also have been developed for protective clothing to
guard against extreme environmental hazards like radiation
and the effects of space travel. The health and beauty
industry also is taking advantage of innovations such as
drug-releasing medical fabrics, and fabrics that include
moisturizer, perfume, and anti-aging properties.

SUMMARY

[0003] A method includes receiving first sensor data gen-
erated by at least a first portion of a plurality of sensors
integrated into a smart garment, the first sensor data indi-
cating at least one biometric parameter indicating a state of
health of a user wearing the smart garment. The method also
can include determining, using a processor, based on the first
sensor data, at least one health change parameter indicating
at least one change in the state of health of the user. The
method also can include, based on the at least one health
change parameter indicating the at least one change in the
state of health of the user, determining whether the at least
one change in the state of health of the user exceeds a
threshold value. The method also can include, responsive to
determining that the at least one change in the state of health
of the user exceeds the threshold value, outputting a first
notification indicating that the at least one change in the state
of health of the user exceeds the threshold value.

[0004] A system includes a processor programmed to
initiate executable operations. The executable operations
receiving first sensor data generated by at least a first portion
of a plurality of sensors integrated into a smart garment, the
first sensor data indicating at least one biometric parameter
indicating a state of health of a user wearing the smart
garment. The executable operations also can include deter-
mining based on the first sensor data, at least one health
change parameter indicating at least one change in the state
of health of the user. The executable operations also can
include, based on the at least one health change parameter
indicating the at least one change in the state of health of the
user, determining whether the at least one change in the state
of health of the user exceeds a threshold value. The execut-
able operations also can include, responsive to determining
that the at least one change in the state of health of the user
exceeds the threshold value, outputting a first notification
indicating that the at least one change in the state of health
of the user exceeds the threshold value.

[0005] A computer program includes a computer readable
storage medium having program code stored thereon. The
program code is executable by a processor to perform a
method. The method includes receiving first sensor data
generated by at least a first portion of a plurality of sensors
integrated into a smart garment, the first sensor data indi-
cating at least one biometric parameter indicating a state of
health of a user wearing the smart garment. The method also
can include determining, by the processor, based on the first

Nov. 22,2018

sensor data, at least one health change parameter indicating
at least one change in the state of health of the user. The
method also can include, based on the at least one health
change parameter indicating the at least one change in the
state of health of the user, determining whether the at least
one change in the state of health of the user exceeds a
threshold value. The method also can include, responsive to
determining that the at least one change in the state of health
of the user exceeds the threshold value, outputting a first
notification indicating that the at least one change in the state
of health of the user exceeds the threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a pictorial diagram illustrating an
example of a smart fabric.

[0007] FIG. 2 is a pictorial diagram illustrating an
example of a smart garment.

[0008] FIG. 3is a block diagram illustrating an example of
a data processing environment.

[0009] FIG. 4 is a block diagram illustrating example
architecture for a server.

[0010] FIG. 5 is a flow chart illustrating an example of a
method of outputting a notification regarding a size of a
smart garment.

[0011] FIG. 6 is a flow chart illustrating an example of a
method of outputting a notification regarding a risk of
disease for a user.

[0012] FIG. 7 is a flow chart illustrating an example of a
method of outputting a notification regarding a change in the
state of health of a user.

DETAILED DESCRIPTION

[0013] This disclosure relates to smart fabrics and, more
particularly, the use of smart fabrics in smart garments. In
accordance with the inventive arrangements disclosed
herein, a smart garment can include a plurality of sensors
that generate sensor data. The sensor data can include
tension data representing tension, and thus stretch, in the
smart garment. The sensor data can be analyzed and, based
on the analyses, any of a variety of determinations can be
made about a user who is wearing the smart garment. For
example, a determination can be made as to whether a size
of the smart garment is suitable for the user. If not, a
notification can be output to indicate to the user that the size
is not suitable for the user. Further, the notification can
indicate an appropriate size that would be suitable for the
user and/or a particular garment having a size that is suitable
for the user.

[0014] The sensor data further can include biometric
parameters representing a state of health of the user. Based
on the sensor data, determinations regarding the user’s
health can be made. Based on such determinations, any of a
variety of notifications can be communicated to the user
and/or a care giver of the user. By way of example, the
notifications can provide recommendations to seek medical
attention, to rest, to exercise, and so on. In a further example,
based on the sensor data, a determination of whether the user
has a risk, greater than a threshold value, of disease. The
notifications can indicate such risk, and provide recommen-
dations to mitigate the risk.

[0015] Several definitions that apply throughout this docu-
ment now will be presented.
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[0016] As defined herein, the term “smart garment” means
a garment made, at least in part, of smart fabric.

[0017] As defined herein, the term “smart fabric” means a
fabric that includes at least at least one electronic compo-
nent.

[0018] As defined herein, the term “size” means a physical
dimension.
[0019] As defined herein, the term *“‘suitable” means

appropriate for an intended purpose.

[0020] As defined herein, the term “client device” means
a processing system including at least one processor and
memory that requests shared services from a server, and with
which a user directly interacts. Examples of a client device
include, but are not limited to, a workstation, a desktop
computer, a mobile computer, a laptop computer, a netbook
computer, a tablet computer, a smart phone, a personal
digital assistant, a smart watch, smart glasses, a gaming
device, a set-top box, a smart television and the like.
Network infrastructure, such as routers, firewalls, switches,
access points and the like, are not client devices as the term
“client device” is defined herein.

[0021] As defined herein, the term “server” means a
processing system including at least one processor and
memory that shares services one or more other systems
and/or client devices.

[0022] As defined herein, the term “sensor” means a
device that detects or measures a physical property and
outputs corresponding data.

[0023] As defined herein, the term “processor” means at
least one hardware circuit (e.g., an integrated circuit) con-
figured to carry out instructions contained in program code.
Examples of a processor include, but are not limited to, a
central processing unit (CPU), an array processor, a vector
processor, a digital signal processor (DSP), a field-program-
mable gate array (FPGA), a programmable logic array
(PLA), an application specific integrated circuit (ASIC),
programmable logic circuitry, and a controller.

[0024] As defined herein, the term “responsive to” means
responding or reacting readily to an action or event. Thus, if
a second action is performed “responsive to” a first action,
there is a causal relationship between an occurrence of the
first action and an occurrence of the second action, and the
term “responsive to” indicates such causal relationship.
[0025] As defined herein, the term “computer readable
storage medium” means a storage medium that contains or
stores program code for use by or in connection with an
instruction execution system, apparatus, or device. As
defined herein, a “computer readable storage medium” is not
a transitory, propagating signal per se.

[0026] As defined herein, the term “output” means storing
in memory elements, writing to display or other peripheral
output device, sending or transmitting to another system,
exporting, or similar operations.

[0027] As defined herein, the term “automatically” means
without user intervention.

[0028] As defined herein, the term “user” means a person
(i.e,, a human being).

[0029] FIG. 1 is a pictorial diagram illustrating an
example of a smart fabric 100. The smart fabric 100 can
include a processor 105. The smart fabric 100 also can
include an RF transmitter (hereinafter “transmitter”) 110
configured to transmit RF signals. In one arrangement, the
transmitter 110 can be a component of a transceiver that also
includes an RF receiver, although the present arrangements
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are not limited in this regard. The smart fabric 100 also can
include a plurality of sensors 115 integrated into the smart
fabric 100.

[0030] The processor 105 can include a computer readable
storage medium, for example an erasable programmable
read-only memory (EPROM or Flash memory), in which
computer program code is stored. The computer program
code can be executed by the processor, as will be described.
The processor 105 also can include an accelerometer that
detects movement, and/or any other suitable sensors or
measurement components. Further, the processor 105 can
include a plurality of input/output (I/O) ports to connect the
processor to other devices, such as the transmitter 110 and
the plurality of sensors 115. In one arrangement, the trans-
mitter 110 can be a component of the processor 105.
[0031] Each of the plurality of sensors 115 can be com-
municatively linked to the processor 105, and the processor
105 can be communicatively linked to the transmitter 110.
Electrical conductors (not shown) can be integrated into the
smart fabric 100 to provide communication links between
the processor 105 and the transmitter 110 and sensors 115.
The smart fabric 100 also can include an energy source 120
that provides power to the processor 105, transmitter 110
and, optionally, the sensors 115. The energy source 120 can
include, for example, a battery, a solar cell, a piezo electric
charger, an inductive power supply, and/or any other devices
that generate and/or provide electricity. In the case that the
energy source 120 is an inductive power supply, the induc-
tive power supply can generate electricity in response to a
magnetic field generated by an inductive charger, as is
known to those of ordinary skill in the art. Power can be
conveyed from the energy source 120 to the processor 105,
transmitter 110 and, optionally, the sensors 115 via electrical
conductors.

[0032] In one arrangement, the electrical conductors can
be embedded in threads of the smart fabric 100, for example
by spinning the electrical conductors into the threads. In
another arrangement, the electrical conductors can be woven
with the threads into the smart fabric 100. Further, the
sensors 115 can be embedded into the threads of the smart
fabric 100 when the threads are spun or can be embedded
into the smart fabric 100 when the smart fabric 100 is woven
from the threads. The processor 105 and transmitter 110 also
can be embedded into the smart fabric 100 when the smart
fabric 100 is woven from the threads, or can be attached to
the smart fabric 100 after the smart fabric 100 is woven.
[0033] In another arrangement, the processor 105, trans-
mitter 110 and sensors 115 can be embedded in a flexible
material that is configured to be attached to fabric to form
the smart fabric 100. For example, the flexible material can
include a substrate into which the processor 105, transmitter
110, sensors 115 and conductors are embedded. The flexible
material can include an adhesive on at least one side
configured to attach the flexible material to the fabric. In
illustration, the adhesive can be configured to be activated
with heat and/or light to bond the flexible material to the
fabric. In an arrangement in which the adhesive is heat
activated, the processor 105, transmitter 110, sensors 115
and conductors can be configured to withstand the amount of
activation heat without becoming damaged during the pro-
cess of attaching the flexible material to the fabric.

[0034] The transmitter 110 can be configured to receive
signals from the processor 105, encode the signals, modulate
the signals, etc. to generate corresponding RF signals. For
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example, the transmitter 110 can generate RF signals in
accordance with a suitable RF communication protocol, for
example in accordance with one more IEEE 802-15 stan-
dards (e.g., Bluetooth®, Bluetooth® low energy (BLE),
Zigbee®, and so on) and/or near field communication
(NEC).

[0035] In one aspect, at least a portion of the sensors 115
can be tension sensors (e.g., piezoelectric tension sensors,
which are known in the art) configured to output to the
processor 105 respective signals corresponding to an amount
of tension, and thus stretch, of the smart fabric 100. In a
further arrangement, at least a portion of the sensors 115 can
be thermal sensors configured to output to the processor 105
respective signals corresponding to a temperature of a user
wearing the smart fabric 100. Also, at least a portion of the
sensors 115 can be perspiration sensors (or moisture sensors)
configured to output to the processor 105 respective signals
corresponding to a level of perspiration (or moisture) of a
user wearing the smart fabric 100. Further, at least a portion
of the sensors 115 can be respiration sensors configured to
output to the processor 105 respective signals corresponding
to a level of respiration of a user wearing the smart fabric
100. In a further arrangement, at least a portion of the
sensors 115 can be heart rate sensors configured to detect a
heart rate of a user wearing the smart fabric 100.

[0036] Also, at least a portion of the sensors 115 can be
blood pressure sensors configured to output to the processor
105 respective signals corresponding to a level of blood
pressure of a user wearing the smart fabric 100. In illustra-
tion, a garment into which the smart fabric 100 is incorpo-
rated can include a blood pressure cuff. The processor 105
can actuate the blood pressure cuff to expand with a com-
pressed gas (e.g., air), and then slowly decompress. A
portion of the sensors 115 can be configured to detect a
systolic value and a diastolic value of the user’s pulse.
[0037] Inaddition, at least a portion of the sensors 115 can
be can be capacitive sensors configured to output to the
processor 105 respective signals indicating whether the
smart fabric 100 is being worn. For example, such sensors
can be configured to detect and indicate a proximity of the
sensors 115 to biological tissue. For example, when a
garment made of the smart fabric 100 is worn, one or more
sensors 115 may be placed proximate to a user’s skin (e.g.,
within 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, etc.), and
the signals can indicate such.

[0038] Still, other types of sensors 115 can be utilized, and
the present arrangements are not limited in this regard. In
one arrangement, more than one type of sensor 115 can be
used. For example, the plurality of sensors 115 can include
one or more of the previously described sensors 115 and/or
one or more other types of sensors.

[0039] In one non-limiting arrangement, each sensor 115
also can include a radio frequency identifier (RFID) tag.
Each RFID tag can include a computer readable storage
medium, for example an erasable programmable read-only
memory (EPROM or Flash memory), configured to store
respective data for the sensor 115. The data can include a
unique identifier for the respective sensor 115. In addition,
each RFID tag also can include a receiver (or transceiver),
a decoder, a power supply and a processor configured to
detect an RF signal, decode the RF signal to identify data
contained in the RF signal, and also store the data contained
in the RF signal in the computer readable storage medium.
The power supply can generate energy for the decoder and
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processor to operate from energy contained in the RF signal,
as is known in the art. As will be described, the data
contained in the RF signal can indicate in which component
of a smart garment the sensor 115 is integrated.

[0040] FIG. 2 is a pictorial diagram illustrating an
example of a smart garment 200. The smart garment 200 can
include the smart fabric 100 of FIG. 1. In illustration, the
smart garment 200 can be made of the smart fabric 100. The
smart garment 200 can be a shirt, a sweater, a jacket, pants,
a skirt, a dress, a hospital gown, a shoe, or any other type of
garment.

[0041] In one arrangement, different components 205,
210, 215, 220 of the smart garment 200 can be cut from the
smart fabric 100, and perhaps one or more other smart
fabrics (not shown) following a garment pattern, and the
components 205-220 can be sewn together to create the
smart garment 200. The processor 105, transmitter 110 and
energy source 120 can be integrated into a respective portion
of the smart fabric 100 used for any of the smart garment
components 205-220, and the present arrangements are not
limited in this regard.

[0042] During the cutting process, various electrical con-
ductors may be cut. During the sewing process, electrical
connections to the sensors 115 can be re-established by
connecting ends respective ends of electrical conductors.
For example, at a seam 230 where a sleeve 210 is connected
to a front 215 and back 220 of the smart garment 200, there
may be electrical conductors in the sleeve 210, front 215 and
back 220 that have been cut, and the electrical conductors of
the sleeve 210 can be attached to the electrical conductors of
the front 215 and back 220 of the smart garment 200 to form
continuous electrical connections between the processor 105
and the sensors 115. Since the sleeve 210, front 215 and back
220 may be cut from different portions of the smart fabric
100, the electrical path between the processor 105 and each
sensor 115 in the sleeve 210 need not be the same electrical
path that was between the processor 105 and each of such
sensors 115 in the smart fabric 100 prior to the components
205-220 being cut from the smart fabric 100. The respective
ends of the electrical conductors may be connected at the
seam 230 by a person (e.g., a seamstress) while sewing the
smart garment 200 or by a robot configured to perform such
operation. The respective ends of the electrical conductors
may be connected by soldering or welding the respective
ends of the electrical conductors together, or using electrical
connectors. The other components 205-220 of the smart
garment 200 can be sewn, and respective ends of electrical
conductors can be connected, in a similar manner.

[0043] At some point during manufacturing of the smart
garment 200, for example after the components 205-220
have been cut from the smart fabric 100, each of the
components 205-220 can be scanned using an RF scanner,
such as an RFID scanner. The RFID scanner can be con-
figured to scan each component 205-220 and communicate
to the RFID tags of the respective sensors 115 data indicat-
ing in which component 205-220, and where in the compo-
nent 205-220, the sensors 115 are integrated. For example,
for a lower part of the sleeve 210, a person or automated
system can enter data indicating “lower left sleeve” into the
RFID scanner, and scan the portion of the smart fabric 100
in the lower part of the sleeve 210 with the RFID scanner.
The RFID tag in each sensor 115 of the lower part of the
sleeve 210 can detect the RF signal emitted by the RFID
scanner, and store the data indicating “lower left sleeve” into
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the respective computer readable storage medium. The pro-
cess can be repeated for each of the components 205-220, as
well as different portions of the components 205-220.
[0044] At some point after the electrical conductors have
been connected, and perhaps after the smart garment 200 is
sewn, a person or automated system can provide to the
processor 105 information identifying the smart garment
200, such as a garment model number, serial number, size,
color style, etc. For example, the person or automated
system can scan the processor with an RF device, such as an
RFID scanner, which can communicate to the processor the
data containing the identifying information. The processor
105 can store the data in the computer readable storage
medium of the processor 105. In this regard, responsive to
the processor 105 receiving, via a receiver (e.g., an RF
receiver that is a component of a transceiver that includes the
transmitter 110), an RF signal containing identifying infor-
mation, the processor 105 can store data.

[0045] Further, the person or automated system can initi-
ate the processor 105 to execute the program code of the
processor 105 to retrieve baseline sensor data from the
sensors 115 integrated into various the components 205-220
of the smart garment 200 to generate baseline measurements
for the sensors 115. The processor can receive energy from
the energy source 120, or energy contained in a received RF
signal, to generate the baseline measurements, and can
receive the baseline sensor data via the aforementioned
electrical conductors. A person or automated system can
initiate the processor 105 to retrieve the baseline sensor data
by depressing a button integrated into the processor, or
scanning the processor with an RF device. In the case an RF
device is used, responsive to receiving an RF signal con-
taining particular data, the processor 105 can execute com-
puter program code that causes the processor to poll each of
the sensors 115 integrated into the various the components
205-220 of the smart garment 200.

[0046] The processor 105 can store data received from
each sensor 115 in one or more data tables within the
computer readable storage medium of the processor 105.
The data retrieved from each sensor 115 can identify the
specific sensor 115, indicate in which component 205-220
respective sensor 115 is integrated, and indicate a portion of
the component 205-220 in which the sensor 115 is inte-
grated. The data also can include a baseline sensor reading,
for example a tension reading, temperature reading, mois-
ture reading, etc. detected by the respective sensor 115. For
each respective sensor 115, the processor 105 can create an
association between the sensor identifier, the baseline sensor
reading and the data indicating in which component 205-
220, and in which portion of the components 205-220, the
sensor is integrated. As each sensor 115 is polled by the
processor 105, the respective sensor 115 can use energy
contained in the polling signal to perform the baseline sensor
reading and communicate the various data to the processor
105. Once the baseline sensor measurements are stored by
the processor 105, the smart garment 200 is ready for
packaging and sale. Of course, tags, etc. can be added to the
smart garment 200 if this is desired.

[0047] The processor 105 can be configured to monitor
sensor data generated by the sensors 115, and process the
sensor data to determine if the smart garment 200 is being
worn by a user. For example, responsive to the processor
detecting movement (e.g., using an accelerometer) or detect-
ing a particular RF signal, the processor 105 can initiate
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execution of program code to poll the sensors 115 to receive
sensor data. When a sensor 115 is proximate to a user’s
biological tissue (e.g., skin), the sensor 115 can measure a
value of capacitance that is different from a value of capaci-
tance measured when the sensor 115 is not proximate to the
user’s biological tissue (e.g., different from the baseline
sensor measurement). Thus, the processor 105 can be con-
figured to determine that the sensor 115 is proximate to
biological tissue if the sensor 115 generates a sensor value
within a particular range of sensor values, which can be
predetermined.

[0048] Responsive to the processor 105 receiving sensor
data from a threshold number of the sensors 115 indicating
that each of those sensors 115 is proximate to biological
tissue, the processor 105 can determine that the smart
garment 200 is being worn by a user. In response, the
processor 105 can monitor signals from other sensors 115
that indicate other parameters, such as those previously
described. The processor 105 can process such signals to
determine the other parameters. Further, the processor 105
can store the parameters locally, within the processor 105
and/or a computer readable storage medium (not shown)
communicatively linked to the processor 105, and/or com-
municate the parameters to one or more other systems, as
will be described.

[0049] FIG. 3is a block diagram illustrating an example of
a data processing environment (hereinafter “environment”)
300. The environment 300 can include the smart garment
200 of FIG. 2, and may include one or more additional smart
garments. The environment 300 also can include one or
more servers 310, one or more client devices 320 and one or
more receivers (e.g., transceivers) 330. The client device(s)
320 and RF receiver(s) 330 can be communicatively liked to
the server(s) 310 via a communication network 340.
[0050] The communication network 340 is the medium
used to provide communications links between various
devices and systems connected together within the environ-
ment 300. The communication network 340 may include
connections, such as wire, wireless communication links, or
fiber optic cables. The communication network 340 can be
implemented as, or include, any of a variety of different
communication technologies such as a WAN, a LAN, a
wireless network, a mobile network, a Virtual Private Net-
work (VPN), the Internet, the Public Switched Telephone
Network (PSTN), or similar technologies.

[0051] The server 310 can include a garment application
350 executable by one or more processors of the server 310,
and store user profiles 360 for various users, including a user
365 of the smart garment 200 (e.g., a person who wears the
smart garment 200). The server 310 can store the user
profiles 360 locally or on one or more computer-readable
storage devices communicatively linked to the server 310.
The garment application 350 can host a user interface in
which users interact with the server 310 via the client
device(s) 320, or interface with one or more mobile appli-
cation via which the users interact with the server 310.
[0052] Each RF receiver 330 can be configured to send
and receive RF signals communicated in accordance with
one more suitable RF communication protocols. For
example, the RF receiver(s) 330 can communicate in accor-
dance with one or more of the IEEE 802-15 communication
standards and/or near field communication (NFC). The RF
receiver(s) 330 can receive garment data 370 from the
transmitter 110 of the smart garment 200, as well as receive
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garment data from transmitters from other smart garments.
The garment data 370 can include data generated by the
sensors 115. By way of example, at least one RF receiver
330 can be located in a residence of the user 365, in a
medical care facility (e.g., a hospital, a doctor’s office, a
diagnostic center, etc.). In one aspect, multiple receivers 325
can be located in the user’s place of residence and/or
multiple receivers 325 can be located in a medical care
facility. For instance, an RF receiver 330 can be located in
a room of user’s place of residence, an RF receiver 330 can
be located in a room or area of the medical care facility, and
so on. The client device(s) 320 and RF receiver(s) 330 also
can be communicatively linked to the server(s) 310 via the
communication network 340.

[0053] The garment application 350 can receive sensor
data generated by the sensors 115 of the smart garments 200
as garment data 370. The garment application 350 can
receive the garment data 370 via the RF receiver(s) 330 and
the communication network 340. In response to receiving
the garment data 370, the garment application 350 can
process the garment data 370 and, based on such processing,
make any of a myriad of determinations regarding the user
365 and/or the smart garment 200. Further, the garment
application 350 can communicate to the client device(s) 320
information 380 indicating the garment data 370, results of
the determinations regarding the user 365 based on the
garment data 370 and/or any other information.

[0054] In one arrangement, the garment application 350
can receive the garment data 370 each time a smart garment
200 is worn by a user 365. The garment data 370 for each
instance of the smart garment 200 being worn can indicate
a level of stretch in one or more portions of the smart
garment 200. The garment application 350 can compare the
garment data 370 from each instance of the smart garment
200 being worn by the user 365 to the garment data 370
generated from previous instances of the smart garment 200
being worn by the user 365. Based on such comparison the
garment application 350 can determine at least one size
change parameter indicating at least one change in a size of
the user 365. Based on the size change parameter, the
garment application 350 can determine whether a size of the
smart garment 200 is not suitable for the smart garment 200
to be worn by the user 365 (e.g., the smart garment 200 is
too small or too large for the user 365). Responsive to
determining that size of the smart garment 200 is not suitable
for the garment to be worn by the user 365, the garment
application 350 can output an indication that the size of the
smart garment is not suitable for the smart garment to be
worn by the user 365. For example, the garment application
350 can output the indication in information 380 by com-
municating the information 380 to one or more client
devices 320. The client device 320 can be a client device of
the user 365 and/or a client device of a care giver of the user
365.

[0055] In another arrangement, the garment data 370 gen-
erated by a particular smart garment 200 can indicate
whether a size of the smart garment 200 is not suitable for
the smart garment 200 to be worn by the user 365. For
example, rather than the garment application 350 comparing
data generated by the sensors 115 for various instances of the
smart garment 200 being worn, the processor 105 of the
smart garment 200 can perform such comparisons to deter-
mine at least one size change parameter indicating at least
one change in a size of the user 365, and include in the
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garment data 370 information indicating whether the size of
the smart garment 200 is suitable for the smart garment 200
to be worn by the user 365. In such an arrangement, the
processor 105 can communicate the garment data 370 to the
garment application 350 which, in turn, can output infor-
mation 380 based on the garment data 370. In a further
arrangement, the processor 105 can communicate the gar-
ment data 370 directly to the client device(s) 320 via the RF
receiver 330 and the communication network 340. In this
regard, the processor 105 can output an indication that the
size of the smart garment 200 is not suitable for the smart
garment 200 to be worn by the user 365 by communicating
the information 380 directly to the client device(s) 320.
[0056] The size of the smart garment 200 can be consid-
ered to be suitable to be worn by the user 365 if data
indicating a stretch of the smart garment 200 when worn by
the user 365 is below a threshold value, or is between a
minimum threshold value and a maximum threshold value.
Such data can be garment data 370 generated by sensors 115
in any portion of the smart garment 200, an average of
garment data 370 generated by sensors 115 in a plurality of
portions of the smart garment 200, and/or data generated by
processing garment data 370 generated by sensors 115 in a
plurality of portions of the smart garment 200.

[0057] In illustration, the garment application 350 (or the
processor 105) can apply a weighting factor to the sensor
data generated by the sensors 115 based on the locations of
the sensors 115. The garment application 350 (or the pro-
cessor 105) can specify the weighting factor. For example,
the garment application 350 can specify a greater weight
(e.g., a weighting value above a threshold value) to garment
data 370 generated by sensors in a first portion of the smart
garment 200 (e.g., in a portion of the smart garment 200 that
covers a user’s abdomen) and specify a lesser weight (e.g.,
a weighting value below a threshold value) to garment data
370 generated by sensors in a second portion of the smart
garment 200 (e.g., in a portion of the smart garment 200 that
covers a user’s bicep).

[0058] Forexample, the garment data 370 can include data
generated by the sensors 115 indicating a level of stretch of
the smart fabric from which the smart garment 200 is made.
If the level of stretch is below a first threshold value, the
garment application 350 can determine that the size of the
smart garment 200 is too large for the user 365. If the level
of stretch is above a second threshold value, the garment
application 350 can determine that the size of the smart
garment 200 is too small for the user 365. If the level of
stretch is between the first threshold value and the second
threshold value, the garment application 350 can determine
that the size of the smart garment 200 is suitable for the user
365.

[0059] In one aspect of the present arrangements, the
garment application 350 (or processor 105) can, based on the
garment data 370, determine a garment size that is suitable
for the user 365. In illustration, the garment data 370 can
indicate a particular smart garment 200, a size of the smart
garment 200, and a level of stretch in one or more portions
of the smart garment 200 when the smart garment 200 is
worn by the user 365. The garment application 350 (or
processor 105) can, based on the size of the smart garment
200 and the level of stretch in one or more portions of the
smart garment 200 when the smart garment 200 is worn by
the user 365, determine a suitable size of the garment for the
user. The garment application 350 (or processor 105) can
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indicate such suitable size in the information 380 commu-
nicated to the client device(s) 320. Such indication can be
provided responsive to the garment application 350 (or
processor 105) determining that size of the smart garment
200 is not suitable for the garment to be worn by the user
365.

[0060] In a further aspect of the present arrangements, the
garment application 350 (or processor 105) can determine
one or more other particular garments that are different from
the smart garment 200. For example, the other garments can
be different styles and/or different types from the smart
garment 200, and may be different in size from the smart
garment 200. Responsive to determining that size of the
smart garment 200 is not suitable for the smart garment 200
to be worn by the user 365, the garment application 350 (or
processor 105) can output an indication of a particular
garment having a garment size that is suitable for the user
365 in the information 380 communicated to the client
device(s) 320. Such indication can be provided responsive to
the garment application 350 (or processor 105) determining
that size of the smart garment 200 is not suitable for the
garment to be worn by the user 365.

[0061] In other aspects of the present arrangements, the
garment data 370 can include biometric parameters indicat-
ing a health of the user 365.

[0062] In illustration, one or more portions of the sensors
115 can be configured to measure biometric parameters of
the user 365. The biometric parameters can include, but are
not limited to, a body temperature of the user 365, a heart
rate of the user 3653, a respiration rate of the user 365, a level
of perspiration rate of the user 365, a blood pressure of the
user 365, a blood sugar level of the user 365, and so on. In
such an arrangement, the smart garment 200 can include
sensors 115 configured to detect body temperatures of the
user 365, respiration rates of the user 365, perspiration rates
(e.g., levels of body moisture) of the user 365, blood
pressure of the user 365, blood sugar levels of the user 365,
etc. In some arrangements, the smart garment 200 may
include additional devices in addition to the sensors 115,
transmitter 110 and processor 105. For example, the smart
garment may include an inflatable cuff controllable by the
processor 105 to inflate and deflate for blood pressure
measurements in accordance with known blood pressure
measurement techniques. In one aspect of the present
arrangements, the smart garment 200 can be a gown worn by
the user 365 while in a medical care facility.

[0063] The garment application 350 can analyze the bio-
metric parameters and, based on such analysis, provide
recommendations to the user 365 or a care giver of the user
365 in the information 380 communicated to the client
device 320. For example, based on analyzing the biometric
parameters, the garment application 350 can determine
patterns in the biometric parameters (e.g., medical patterns).
Based on the determined patterns, the garment application
350 can determine the recommendations. In illustration, the
information 380 can include a recommendation for the user
to visit a health care facility and/or a medical practitioner, a
recommendation for the user to rest, a recommendation for
the user to perform exercises, a recommendation for the user
to take medication, and so on. In this regard, the information
380 can include recommendations for the user to take at least
one action to improve the user’s health.

[0064] Further, the garment application 350 can analyze
the biometric parameters, as well as other parameters (e.g.,
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determined size change parameters indicating weight gain or
weight loss) and, based on such analysis, determine a risk of
disease for the user 365. For example, the garment applica-
tion 350 can determine a risk of the user 365 having one or
more diseases. In another example, the garment application
350 can determine a risk that user 365 may contract one or
more diseases. The garment application 350 also can deter-
mine whether any such risks exceed a threshold value. If so,
the garment application 350 can generate one or more
notifications regarding such risks, and communicate the
notifications to the client device(s) 320 in the information
380. The notifications can be presented to the user 365 or a
care giver of the user 365.

[0065] By way of example, as noted, based on the sensor
data the garment application 350 can determine size change
parameters indicating a change in size of the user 365. The
size change parameters can indicate a particular portion of
the user’s body that has changed in size, for example in the
abdominal region. If the size of the abdominal region has
increased, this can indicate a weight gain. The amount of
tension measured by sensors 115 that detect tension, along
with the size of the smart garment 200, can indicate a body
mass index for the user 365, which the garment application
350 can determine based on processing the garment data
370. Based on the body mass index of the user 365 and
various biometric parameters generated by the sensors 115,
for example blood pressure, heart rate and/or respiration
rate, the garment application 350 can determine a risk of the
user 365 having a heart disease.

[0066] To perform the described analyses of the various
parameters, the garment application 350 can interface with
one or more medical databases, which may be components
of the server(s) 310 or a components of external resources
(not shown), and access medical data that correlates symp-
toms to diseases, health recommendations, etc. The garment
application 350 can analyze the various parameters using the
medical data to arrive at various medically related determi-
nations described herein. Further, the garment application
350 can perform predictive analysis, which will be described
herein, to predict symptoms indicated by various param-
eters. In illustration, an increase in the size of the user’s
abdominal region may be due to increased obesity, but may
be due to other factors, for example pregnancy. Using
predictive analysis, the garment application 350 can predict
symptoms that cause the changes, and use such predictions
when analyzing the various parameters to artive at the
various determinations.

[0067] Moreover, the garment application 350 can be
configured to, based on the biometric parameters indicated
in the garment data 370, determine at least one health change
parameter indicating at least one change in the state of health
of the user 365. For example, the garment application 350
can monmitor, over time, various biometric parameters for the
user 365 indicated in the garment data 370. Based on such
monitoring, the garment application 350 can identify
changes in the biometric parameters over time. Based on the
at least one health change parameter indicating the at least
one change in the state of health of the user 365, the garment
application 350 can determine whether the at least one
change in the state of health of the user exceeds a threshold
value. If so, in response, the garment application 350 can
output an indication that the at least one change in the state
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of health of the user 365 exceeds the threshold value, for
example in the information 380 communicated to the client
device(s) 320.

[0068] By way of example, at least a portion of the sensors
115 can be configured to detect a respiration rate and/or heart
rate of the user 365 and communicate corresponding bio-
metric parameters to the processor 105. The processor 105
can be configured to monitor and process such biometric
parameters. Responsive to identifying, based on processing
the biometric parameters, a change in the user’s respiration
rate and/or heart rate that exceeds a threshold value, for
example within a predetermined period of time, the proces-
sor 105 can output an indication that the at least one change
in the state of health of the user exceeds the threshold value.
In one aspect, the processor 105 can output the indication in
garment data 370 communicated to the garment application
350. In response, the garment application 350 can commu-
nicate information 380 to one or more client device(s) 320
alerting persons, who may or may not include the user 365,
of the indication that the at least one change in the state of
health of the user exceeds the threshold value. In another
aspect, the processor 105 can communicate the information
380 directly to the client device(s) to alert persons, who may
or may not include the user 365, of the indication that the at
least one change in the state of health of the user exceeds the
threshold value. It should be noted that the present arrange-
ments are not limited to respiration rate and heart rate, and
the above processes also can be applied to biometric param-
eters indicating the user’s temperature, blood pressure, or
any other biometric parameters the sensors 115 may detect.

[0069] In one arrangement, outputting the indication that
the at least one change in the state of health of the user 365
exceeds the threshold value can include generating an alert.
In illustration, information 380 communicated to the client
device(s) 320 can include an alert. Moreover, an alert can be
communicated to various other devices, for example output
audio transducers (e.g., loudspeakers) configured to propa-
gate audio alert signals, indication lights configured to
propagate visual alert signals, and so on. Further, the infor-
mation 380 can include recommendations for the user to
take at least one action to improve the user’s health. For
example, the information 380 can include recommendations
to take actions predicted to mitigate health risks resulting
from the change in the state of health of the user 365. In
illustration, if the user’s heart rate is above a threshold level,
the garment application 350 can generate a recommendation
for the user to rest, to take medication and/or to seek medical
attention. Still, the information 380 can include any of a
myriad of recommendations based on the change in the state
of health of the user 365, and the present arrangements are
not limited in this regard.

[0070] The determination of the information 380 also can
be based on any of a myriad of data from the user profiles
360 and other data. For example, the information can be
based on the user profiles 360, environmental data, fabric
and clothing data, and so on. The user profiles 360 can
include user data including, but not limited to, name, age
body measurements, biometric data, activity data (including
physical activity), size and material preferences, clothing
feedback, family health history (including likelihood of
developing diseases), health history (including allergy his-
tory), etc. The environmental data can include weather data,
allergen information (including allergy tracking, pollen
count and pollen forecast), ambient temperature, etc. The
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fabric and clothing data can include material, dimensions,
weight, thickness, color, density, state (dry, wet, stretching
data etc.), clothing article identifier and/or serial number,
and so on.

[0071] FIG. 4 is a block diagram illustrating example
architecture for a server 310. The server 310 can include at
least one processor 405 (e.g., a central processing unit)
coupled to memory elements 410 through a system bus 415
or other suitable circuitry. As such, the server 310 can store
program code within the memory elements 410. The pro-
cessor 405 can execute the program code accessed from the
memory elements 410 via the system bus 415. It should be
appreciated that the server 310 can be implemented in the
form of any system including a processor and memory that
is capable of performing the functions and/or operations
described within this specification.

[0072] The memory elements 410 can include one or more
physical memory devices such as, for example, local
memory 420 and one or more bulk storage devices 425.
Local memory 420 refers to random access memory (RAM)
or other non-persistent memory device(s) generally used
during actual execution of the program code. The bulk
storage device(s) 425 can be implemented as a hard disk
drive (HDD), solid state drive (SSD), or other persistent data
storage device. The server 310 also can include one or more
cache memories (not shown) that provide temporary storage
of at least some program code in order to reduce the number
of times program code must be retrieved from the bulk
storage device 425 during execution.

[0073] One or more network adapters 430 can be coupled
to server 310 via the system bus 415 to enable the server 310
to become coupled to other systems, computer systems,
remote printers, and/or remote storage devices through inter-
vening private or public networks. Modems, cable modems,
transceivers, and Ethernet cards are examples of different
types of network adapters 430 that can be used with the
server 310,

[0074] As pictured in FIG. 4, the memory elements 410
can store the components of the server 310, namely an
operating system 435, the garment application 350 and the
user profiles 360. Being implemented in the form of execut-
able program code, the operating system 435 and the gar-
ment application 350 can be executed by the server 310 and,
as such, can be considered part of the server 310. Moreover,
the operating system 435, the garment application 350 and
the user profiles 360 are functional data structures that
impart functionality when employed as part of the server
310.

[0075] The garment application 350 can include various
components, for example, a delta detector 440, a predictive
analyzer 445, a prescriptive analyzer 450 and a cognitive
filter 455. The delta detector 440, predictive analyzer 445,
prescriptive analyzer 450 and a cognitive filter 455 also are
functional data structures that impart functionality when
employed as part of the server 310.

[0076] The delta detector 440 can, based various param-
eters generated by the sensors 115 of FIG. 3, detect and
record changes in the states of smart garments 200 and/or
biometric states of the user. Examples of the changes in state
include, but are not limited to, stretching of the smart
garment 200 when worn, body temperature changes of the
user, heart rate changes of the user, perspiration rate changes
of the user, blood pressure changes of the user, blood sugar
level changes of the user, and so on. The delta detector 440
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also can measure levels of changes in the states, and record
such levels as delta values. Moreover, the delta detector 400
can record with the detected changes and the determined
delta values an indication parameters indicating where on
the smart garment 200 the sensors 115 are located that
generated the sensor data used to determine the detected
changes and the determined delta values. Such parameters
can facilitate analysis of the sensor data. For example, a
person who is exercising and sweating may sweat more
profusely in certain areas, and those areas may be known to
have a higher temperature and moisture than other areas
during exercise. Accordingly, when analyzing the data, the
garment application 350 can predict that the increased
moisture and temperature in those areas are a result of
exercising instead of a being due to a medical issue. In
another example, if a person is walking in the rain, it is more
likely that they will have moisture on their shoulders, chest
area and back than other areas of the body. If, when
analyzing the data, the garment application 350 detects a
higher level of moisture in those areas, and the garment
application 350 accesses data indicating rainy weather con-
ditions, the garment application 350 can predict that the
moisture is due to rain rather than being due to a medical
issue.

[0077] As noted, the garment application 350 can detect
different levels of tension (e.g., stretch) in different areas of
the smart garment 200. Further, the delta detector 440 can
detect a difference in tension, or stretch, between when the
garment is worn and the garment is not worn, and record
corresponding delta values for various regions of the smart
garment 200. The delta detector 400 also can determine
additional delta values representing the change in the tension
over time, for example as the user gains or loses weight. The
garment application 350 can analyze the various delta values
to detect and learn about changes in the user’s body over
time. Such changes can be considered by the garment
application 350 when performing various analyses, such as
those previously described with respect to FIG. 3.

[0078] The predictive analyzer 445 can process sensor
data received from the sensors 115 in the garment data 370
to help determine the previously described risk of disease.
For example, the waist size of the user can be a parameter
that is analyzed to predict accurately the user’s risk of
experiencing heart disease. As noted, however, a person’s
waist size can vary for various reasons, and the predictive
analyzer 445 can process waist size parameters along with
various other detected and/or generated parameters to pre-
dict a cause of the change in waist size. For example, delta
values corresponding to tension around the waste can indi-
cate in increase in waist size corresponding to pregnancy,
rather than obesity. Using predictive analytics, the predictive
analyzer 445 can identify such circumstance. The garment
application 350 can use the results of the prediction when
determine various medical analyses for the user, such as
those previously described. Moreover, as the delta detector
440 generated delta values over time, the predictive analyzer
445 can update various predictions for the user.

[0079] The prescriptive analyzer 450 can determine vari-
ous recommendations for the user based on the sensor data
generated by the sensors 115, data generated by the delta
detector 440, and data generated by the predictive analyzer
445. As noted, examples of such recommendations can
include a recommendation to see a medical professional, a
recommendation to increase or decrease levels of physical
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activity, etc. Other examples include a recommendation to
increase or decrease calotic, nutritional or supplemental
indicate, a recommendation to purchase clothing in a dif-
ferent size, recommendation to purchase clothing using a
different fabric or material, etc. Because the user’s data may
change of time, the prescriptive analyzer 450 can update
recommendations, but also may re-prescribe other recom-
mendations that still are relevant to the user.

[0080] The cognitive filter 455 can implement cognitive
analysis, which is known in the art, to track garment data
370 from various smart garments 200 worn or purchased by
the user, and learn the user’s clothing preferences. Further,
the cogpnitive filter 455 can learn which sizes of clothing fit
the user for various brands. For example, the user may wear
size 4 in clothing from a first manufacturer, but wear size 6
in clothing from a second manufacturer, and the cognitive
filter 455 can learn and store corresponding data. Still, the
cognitive filter 455 can perform various other types of
cognitive analysis, and the present arrangements are not
limited in this regard.

[0081] FIG. 5 is a flow chart illustrating an example of a
method 500 of outputting a notification regarding a size of
asmart garment. The method 500 can be implemented by the
server 310 (e.g., the garment application 350) or the smart
garment 200 (e.g., the processor 105) of FIG. 1. The
following description discusses implementation of the
method 500 by the garment application 350, but it will be
understood that the processor 105 can implement the method
500 using suitable configured computer program code.
[0082] At step 502, the garment application 350 can
receive sensor data generated by at least a first portion of a
plurality of sensors integrated into a smart garment, the
sensor data indicating a level at which fabric of the smart
garment is stretched when worn by a user. At step 504, the
garment application 350 can determine, using a processor,
based on the sensor data, at least one size change parameter
indicating at least one change in a size of the user. At step
506, the garment application 350 can, based on the at least
one size change parameter indicating the at least one change
in the size of the user, determine whether a size of the smart
garment is not suitable for the smart garment to be worn by
the user. At step 508, the garment application 350 can,
responsive to determining that size of the smart garment is
not suitable for the smart garment to be worn by the user,
output a notification indicating that the size of the smart
garment is not suitable for the smart garment to be worn by
the user. At step 510, the garment application 350 can,
responsive to determining that size of the smart garment is
not suitable for the garment to be worn by the user, output
another notification indicating a garment size that is suitable
for the user. At step 512, the garment application 350 can,
responsive to determining that size of the smart garment is
not suitable for the garment to be worn by the user, output
another notification indicating a particular garment having a
garment size that is suitable for the user.

[0083] FIG. 6 is a flow chart illustrating an example of a
method 600 of outputting a notification regarding a risk of
disease for a user. The method 600 can be implemented by
the server 310 (e.g., the garment application 350) of FIG. 1.
[0084] At step 602, the garment application 350 can
receive sensor data generated by at least a portion of a
plurality of sensors integrated into a smart garment, the
sensor data indicating at least one biometric parameter
indicating a state of health of a user. At step 604, the garment
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application 350 can determine, based on the sensor data, a
risk of disease for the user. At step 606, the garment
application 350 can determine whether the risk of the
disease for the user exceeds a threshold value. At step 608,
the garment application 350 can, responsive to determining
that the risk of the disease for the user exceeds the threshold
value, output a notification indicating the risk of the disease
for the user.

[0085] FIG. 7 is a flow chart illustrating an example of a
method 700 of outputting a notification regarding a change
in the state of health of a user. The method 700 can be
implemented by the server 310 (e.g., the garment application
350) of FIG. 1.

[0086] At step 702, the garment application 350 can
receive sensor data generated by at least a portion of the
plurality of sensors integrated into the smart garment, the
sensor data indicating at least one biometric parameter
indicating a state of health of a user. At step 704, the garment
application 350 can determine, based on the sensor data, at
least one health change parameter indicating at least one
change in the state of health of the user. At step 706, the
garment application 350 can, based on the at least one health
change parameter indicating the at least one change in the
state of health of the user, determine whether the at least one
change in the state of health of the user exceeds a threshold
value. At step 708, the garment application 350 can, respon-
sive to determining that the at least one change in the state
of health of the user exceeds the threshold value, output a
notification indicating that the at least one change in the state
of health of the user exceeds the threshold value. At step
710, the garment application 350 can output another noti-
fication indicating a recommendation for the user to take at
least one action to mitigate a health risk resulting from the
change in the state of health of the user.

[0087] While the disclosure concludes with claims defin-
ing novel features, it is believed that the various features
described herein will be better understood from a consider-
ation of the description in conjunction with the drawings.
The process(es), machine(s), manufacture(s) and any varia-
tions thereof described within this disclosure are provided
for purposes of illustration. Any specific structural and
functional details described are not to be interpreted as
limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the features described in virtually any
appropriately detailed structure. Further, the terms and
phrases used within this disclosure are not intended to be
limiting, but rather to provide an understandable description
of the features described.

[0088] For purposes of simplicity and clarity of illustra-
tion, elements shown in the figures have not necessarily been
drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for
clarity. Further, where considered appropriate, reference
numbers are repeated among the figures to indicate corre-
sponding, analogous, or like features.

[0089] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0090] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
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by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0091] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0092] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
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of the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

[0093] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0094] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0095] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0096] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.
[0097] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. 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 “includes,”
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“including,” “comprises,” and/or “comprising,” when used
in this disclosure, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.
[0098] Reference throughout this disclosure to “one
embodiment,” “an embodiment,” or similar language means
that a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment described within this disclosure. Thus,
appearances of the phrases “in one embodiment,” “in an
embodiment,” and similar language throughout this disclo-
sure may, but do not necessarily, all refer to the same
embodiment.
[0099] The term “plurality,” as used herein, is defined as
two or more than two. The term “another,” as used herein,
is defined as at least a second or more. The term “coupled,”
as used herein, is defined as connected, whether directly
without any intervening elements or indirectly with one or
more intervening elements, unless otherwise indicated. Two
elements also can be coupled mechanically, electrically, or
communicatively linked through a communication channel,
pathway, network, or system. The term “and/or” as used
herein refers to and encompasses any and all possible
combinations of one or more of the associated listed items.
It will also be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms,
as these terms are only used to distinguish one element from
another unless stated otherwise or the context indicates
otherwise.
[0100] The term “if” may be construed to mean “when” or
“upon” or “in response to determining” or “in response to
detecting,” depending on the context. Similarly, the phrase
“if it is determined” or “if [a stated condition or event] is
detected” may be construed to mean “upon determining” or
“in response to determining” or “upon detecting [the stated
condition or event]” or “in response to detecting [the stated
condition or event],” depending on the context.
[0101] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.
1-20. (canceled)
21. A method, comprising:
receiving first sensor data generated by at least a first
portion of a plurality of sensors integrated into a smart
garment, the first sensor data indicating at least one
biometric parameter indicating a state of health of a
user wearing the smart garment;
determining, using a processor, based on the first sensor
data, at least one health change parameter indicating at
least one change in the state of health of the user;
based on the at least one health change parameter indi-
cating the at least one change in the state of health of
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the user, determining whether the at least one change in
the state of health of the user exceeds a threshold value;
and

responsive to determining that the at least one change in
the state of health of the user exceeds the threshold
value, outputting a first notification indicating that the
at least one change in the state of health of the user
exceeds the threshold value.

22. The method of claim 21, further comprising;

outputting a second notification indicating a recommen-
dation for the user to take at least one action to mitigate
a health risk resulting from the change in the state of
health of the user.

23. The method of claim 22, further comprising;

analyzing the at least one biometric parameter; and

based on the analyzing the at least one biometric param-
eter, determining at least one pattern in the at least one
biometric parameter;

wherein outputting the second notification indicating the
recommendation for the user to take the at least one
action to mitigate the health risk resulting from the
change in the state of health of the user comprises
determining the recommendation based on the detet-
mined at least one pattern in the at least one biometric
parameter.

24. The method of claim 21, further comprising:

determining, based on the first sensor data, a risk of
disease for the user;

determining whether the risk of the disease for the user
exceeds a threshold value; and

responsive to determining that the risk of the disease for
the user exceeds the threshold value, outputting a
second notification indicating the risk of the disease for
the user.

25. The method of claim 24, further comprising;

analyzing the at least one biometric parameter; and

based on the analyzing the at least one biometric param-
eter, determining at least one pattern in the at least one
biometric parameter;
wherein outputting the second notification indicating the
risk of the disease for the user comprises determining
the risk of the disease for the user based on the
determined at least one pattern in the at least one
biometric parameter.
26. The method of claim 25, further comprising;
receiving second sensor data generated by at least a
second portion of the plurality of sensors integrated
into the smart garment, the second sensor data indicat-
ing at least one size change parameter that indicates a
weight gain of the user or a weight loss of the user;

wherein the determining the risk of the disease for the user
further is based on the second sensor data indicating the
at least one size change parameter.

27. The method of claim 21, wherein the biometric
parameter is a parameter selected from a group consisting of
a body temperature parameter, a heart rate parameter, and a
blood pressure parameter.

28. The method of claim 21, wherein the biometric
parameter is a parameter selected from a group consisting of
alevel of perspiration rate parameter and a blood sugar level
parameter.

11

Nov. 22,2018

29. A system, comprising:
a processor programmed to initiate executable operations
comprising:
receiving first sensor data generated by at least a first
portion of a plurality of sensors integrated into a smart
garment, the first sensor data indicating at least one
biometric parameter indicating a state of health of a
user wearing the smart garment;
determining, based on the first sensor data, at least one
health change parameter indicating at least one change
in the state of health of the user;
based on the at least one health change parameter indi-
cating the at least one change in the state of health of
the user, determining whether the at least one change in
the state of health of the user exceeds a threshold value;
and
responsive to determining that the at least one change in
the state of health of the user exceeds the threshold
value, outputting a first notification indicating that the
at least one change in the state of health of the user
exceeds the threshold value.
30. The system of claim 29, the executable operations
further comprising:
outputting a second notification indicating a recommen-
dation for the user to take at least one action to mitigate
a health risk resulting from the change in the state of
health of the user.
31. The system of claim 30, the executable operations
further comprising:
analyzing the at least one biometric parameter; and
based on the analyzing the at least one biometric param-
eter, determining at least one pattern in the at least one
biometric parameter;
wherein outputting the second notification indicating the
recommendation for the user to take the at least one
action to mitigate the health risk resulting from the
change in the state of health of the user comprises
determining the recommendation based on the deter-
mined at least one pattern in the at least one biometric
parameter.
32. The system of claim 29, the executable operations
farther comprising:
determining, based on the first sensor data, a risk of
disease for the user,
determining whether the risk of the disease for the user
exceeds a threshold value; and
responsive to determining that the risk of the disease for
the user exceeds the threshold value, outputting a
second notification indicating the risk of the disease for
the user.
33. The system of claim 32, the executable operations
further comprising:
analyzing the at least one biometric parameter; and
based on the analyzing the at least one biometric param-
eter, determining at least one pattern in the at least one
biometric parameter;
wherein outputting the second notification indicating the
risk of the disease for the user comprises determining
the risk of the disease for the user based on the
determined at least one pattern in the at least one
biometric parameter.
34. The system of claim 33, the executable operations
further comprising:
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receiving second sensor data generated by at least a
second portion of the plurality of sensors integrated
into the smart garment, the second sensor data indicat-
ing at least one size change parameter that indicates a
weight gain of the user or a weight loss of the user;

wherein the determining the risk of the disease for the user
further is based on the second sensor data indicating the
at least one size change parameter.

35. The system of claim 29, wherein the biometric param-
eter is a parameter selected from a group consisting of a
body temperature parameter, a heart rate parameter, and a
blood pressure parameter.

36. The system of claim 29, wherein the biometric param-
eter is a parameter selected from a group consisting of a
level of perspiration rate parameter and a blood sugar level
parameter.

37. A computer program product comprising a computer
readable storage medium having program code stored
thereon, the program code executable by a processor to
perform a method comprising:

receiving first sensor data generated by at least a first
portion of a plurality of sensors integrated into a smart
garment, the first sensor data indicating at least one
biometric parameter indicating a state of health a user
wearing the smart garment;

determining, by the processor, based on the first sensor
data, at least one health change parameter indicating at
least one change in the state of health of the user;

based on the at least one health change parameter indi-
cating the at least one change in the state of health of
the user, determining whether the at least one change in
the state of health of the user exceeds a threshold value;
and

responsive to determining that the at least one change in
the state of health of the user exceeds the threshold
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value, outputting a first notification indicating that the
at least one change in the state of health of the user
exceeds the threshold value.
38. The computer program product of claim 37, the
method further comprising:
outputting a second notification indicating a recommen-
dation for the user to take at least one action to mitigate
a health risk resulting from the change in the state of
health of the user.
39. The computer program product of claim 38, the
method further comprising:
analyzing the at least one biometric parameter; and
based on the analyzing the at least one biometric param-
eter, determining at least one pattern in the at least one
biometric parameter;
wherein outputting the second notification indicating the
recommendation for the user to take the at least one
action to mitigate the health risk resulting from the
change in the state of health of the user comprises
determining the recommendation based on the deter-
mined at least one pattern in the at least one biometric
parameter.
40. The computer program product of claim 37, the
method further comprising:
determining, based on the first sensor data, a risk of
disease for the user;

determining whether the risk of the disease for the user
exceeds a threshold value; and

responsive to determining that the risk of the disease for
the user exceeds the threshold value, outputting a
second notification indicating the risk of the disease for
the user.
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