a9 United States
a2y Patent Application Publication (o) Pub. No.: US 2017/0357274 Al

US 20170357274A1

Baughman et al. 43) Pub. Date: Dec. 14, 2017
(54) GARMENT OPTIMIZATION A41D 15/00 (2006.01)
A61B 5/00 (2006.01)
(71) Applicant: International Business Machines A41D 31/00 (2006.01)
Corporation, Armonk, NY (US) GO5B 13/02 (2006.01)
GO6N 3/04 (2006.01)
(72) Inventors: Aaron K. Baughman, Silver Spring, (52) US.CL
MD (US); Arun Joseph, Bangalore CPC .o GO5D 5/06 (2013.01); GOSB 13/029
(IN): Brian M. O*Connell, Cary, NC (2013.01); 441D 1/002 (2013.01); GO6N
(US); Diwesh Pandey, Bangalore (IN) 3/0445 (2013.01); A61B 5/6804 (2013.01);
1) Appl. No.: 15/180,619 A41D 31/00 (2013.01); A41D 15/00 (2013.01)
(22) Filed: Jun. 13, 2016
57 ABSTRACT
Publication Classification
(51) Int. CL A garment being worn by a user is optimized by altering a
GO5D 5/06 (2006.01) feature of a garment including texture, shape and size, while
A41D 1/00 (2006.01) the garment is still being worn by the user.
66 SERVER COMPUTER
GARMENT
31 Ml |opTvizaTiON
\ PROGRAM
}/\ 800B
l-/\ 9008
MOBILE DEVICE

INTERFACE
SENSORS

59

]

800A

57|

800C j900C

NETWORK
50

900A~~ ] 52
| GARMENT 67
BIOMETRIC
PROGRAM
—-TSENSORS
-

58—

CONDUCTIVE
T~ THREAD

{




Patent Application Publication Dec. 14,2017 Sheet 1 of 4 US 2017/0357274 A1
Fig. 1 66 _ SERVER COMPUTER
51 54 GARMENT
OPTIMIZATION
\\\ PROGRAM
L~ 800B
~— 9008
56
MOBILE DEVICE
DHERFACE-/// NETWORK
[ 50
SENSORS g g
// 800C 1900C
59
900A ~ 52
800A 4 GARMENT 67
|

BIOMETRIC |-
PROGRAM

CONDUCTIVE

\ THREAD




Patent Application Publication Dec. 14,2017 Sheet 2 of 4 US 2017/0357274 A1
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GARMENT OPTIMIZATION

BACKGROUND

[0001] The present invention relates to garment optimiza-
tion, and more specifically to altering a garment while being
worn by a user, based on biometric data.

[0002] Garment comfort for a user can vary over time
while the garment is being worn. It can be difficult for a user
to change or alter the garment to increase comfort level.

SUMMARY

[0003] According to one embodiment of the present inven-
tion, a method of optimizing a garment being worn by a user
is disclosed. The garment includes a plurality of conductive
threads forming a fabric, with the fabric comprising a
plurality of sensors. The method comprising the steps of: a
computer receiving biometric data from the sensors in the
garment; the computer comparing the biometric data
received from the sensors to predefined levels of biometric
data associated with the user; the computer determining a
comfort score of the garment for the user based on the
biometric data; the computer comparing the comfort score of
the garment to previously stored comfort scores; and if the
comfort score is not acceptable for the garment currently
being worn by the user, the computer sending a signal to the
conductive threads of the garment while being worn by the
user to alter a feature of the garment selected from the group
consisting of: texture, shape and size.

[0004] According to another embodiment of the present
invention, a computer program product for optimizing a
garment being worn by a user is disclosed. The garment
includes: a plurality of conductive threads forming a fabric,
with the fabric comprising a plurality of sensors. A computer
comprising at least one processor, one or more memories,
one or more computer readable storage media, executes the
computer program product comprising a computer readable
storage medium having program instructions embodied
therewith. The program instructions executable by the com-
puter to perform a method comprising: receiving, by the
computer, biometric data from the sensors in the garment;
comparing, by the computer, the biometric data received
from the sensors to predefined levels of biometric data
associated with the user; determining, by the computer, a
comfort score of the garment for the user based on the
biometric data; comparing, by the computer, the comfort
score of the garment to previously stored comfort scores;
and if the comfort score is not acceptable for the garment
currently being worn by the user, sending, by the computer,
a signal to the conductive threads of the garment while being
worn by the user to alter a feature of the garment selected
from the group consisting of: texture, shape and size.
[0005] According to another embodiment of the present
invention, a computer system for optimizing a garment
being worn by a user is disclosed. The garment includes: a
plurality of conductive threads forming a fabric, with the
fabric comprising a plurality of sensors. The computer
system comprising a computer comprising at least one
processor, one or more memories, one or more computer
readable storage media having program instructions execut-
able by the computer to perform the program instructions
comprising: receiving, by the computer, biometric data from
the sensors in the garment; comparing, by the computer, the
biometric data received from the sensors to predefined levels
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of biometric data associated with the user; determining, by
the computer, a comfort score of the garment for the user
based on the biometric data; comparing, by the computer,
the comfort score of the garment to previously stored
comfort scores; and if the comfort score is not acceptable for
the garment currently being worn by the user, sending, by
the computer, a signal to the conductive threads of the
garment while being worn by the user to alter a feature of the
garment selected from the group consisting of: texture,
shape and size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 depicts an exemplary diagram of a possible
data processing environment in which illustrative embodi-
ments may be implemented.

[0007] FIG. 2 shows a flow diagram of a method of
garment optimization.

[0008] FIG. 3 shows a flow diagram of a method of
determining comfort of a garment being worn by the user.
[0009] FIG. 4 illustrates internal and external components
of a client computer and a server computer in which illus-
trative embodiments may be implemented.

DETAILED DESCRIPTION

[0010] In an illustrative embodiment of the present inven-
tion, the garment being worn is comprised of a fabric that
features electronics and interconnections woven into the
garment, such as conductive threads, allowing for physical
flexibility. Most threads are metalized with an alloy of
various metals, which can include silver, copper, tin and
nickel. The conductive threads can receive an electric signal
which can induce the conductive threads to alter the density
of the threads at one given place of the garment while being
worn by the user. The conductive threads are made of shape
memory materials (SMM). The material changes their shape
according to stimuli, such as heat of an electric current. The
SMM are shape memory alloys (SMA) and shape memory
polymers (SMP). An example of SMA is nickel titanium and
copper based alloy.

[0011] Also present within or embedded into the fabric is
a plurality of small sensors. The sensors embedded within
the fabric monitor biometrics of the user. For example,
behavioral characteristics related to the pattern of behavior
of a person, including but not limited to gait, and voice and
physiological changes of the user such as heat, moisture,
respiration, salinity, body temperature, heart rate, and other
changes. Additional sensors may provide data regarding the
user. An additional sensor may be a mobile device which
may be, but is not limited to, a smart phone, smart watch,
heart monitor, activity tracker or other devices. The mobile
device may include a heart rate monitor, camera, micro-
phone, body temperature sensor, or sensors for other bio-
metric data. The additional sensors may be connected to and
receive input from the sensors embedded within the fabric of
the garment being worn by the user. Alternatively, the
additional sensors may be in communication with a garment
optimization program.

[0012] In an illustrative embodiment, it is recognized that
the methods, computer program products and computer
systems may be implemented through a garment of a user
which collects information from embedded sensors and
alters the shape of the garment through the conductive
threads. The shape of the garment is controlled using a
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sensor, such as a control sensor, which triggers electric
current in the conductive threads to change the shape of the
garment. The conductive threads are preferably made of
SMA.

[0013] The garment is connected to a server computer in
connection with a storage device or repository. The server
may also be connected to a mobile device which provides
additional input to the garment optimization program on the
server computer. Input from the garment optimization pro-
gram may be received by a processor connected to the
conductive threads of the garment. The garment is prefer-
ably worn next to bare skin of the user.

[0014] FIG. 1 is an exemplary diagram of a possible data
processing environment provided in which illustrative
embodiments may be implemented. It should be appreciated
that FIG. 1 is only exemplary and is not intended to assert
or imply any limitation with regard to the environments in
which different embodiments may be implemented. Many
modifications to the depicted environments may be made.
[0015] Referring to FIG. 1, network data processing sys-
tem 51 is a network of computers in which illustrative
embodiments may be implemented. Network data process-
ing system 51 contains network 50, which is the medium
used to provide communication links between various
devices and computers connected together within network
data processing system 51. Network 50 may include con-
nections, such as wire, wireless communication links, or
fiber optic cables.

[0016] In the depicted example, a garment 52, a mobile
device 56, a repository 53, and a server computer 54 connect
to network 50. In other exemplary embodiments, network
data processing system 51 may include additional client or
device computers, storage devices or repositories, server
computers, and other devices not shown.

[0017] Garment 52 includes a set of internal components
800q and a set of external components 9004, further illus-
trated in FIG. 4. Garment 52 may be, for example a garment
with conductive threads 58 and embedded sensors 57. One
or more of the embedded sensors may contain a processor.
The embedded sensors are capable of outputting sensed
data. The sensors 57 and conductive threads 58 maybe in
communication with a biometric program 67.

[0018] Mobile device 56 includes a set of internal com-
ponents 800c¢ and a set of external components 900¢ illus-
trated in FIG. 4. Mobile device 56 may be, for example, a
cell phone, a personal digital assistant, a smart phone, smart
watch, heart monitor, activity tracker and other devices. The
mobile device 56 may contain an interface 60 and sensors
59. The interface 60 may accept commands and data entry
from a user, such as input to regarding comfort levels based
on biometrics of the user as well as sensor data form sensors
59 or embedded sensors 57. For example, behavioral char-
acteristics related to the pattern of behavior of a person,
including but not limited to gait, and voice and physiological
changes of the user such as heat, moisture, salinity, body
temperature, heart rate, and other changes. The interface can
be, for example, a command line interface, a graphical user
interface (GUI), or a web user interface (WUI). While not
shown, the biometric program 67 and/or the garment opti-
mization program may be present on the mobile device 56.
[0019] Server computer 54 includes a set of internal
components 8005 and a set of external components 9005
illustrated in FIG. 4. Server computer 54 may contain an
interface. The interface can be, for example, a command line
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interface, a graphical user interface (GUI), or a web user
interface (WUI) to access a garment optimization program
66 and receive input from sensors 57 within the garment or
sensors 59 of the mobile device.

[0020] In the depicted example, server computer 54 pro-
vides information, such as boot files, operating system
images, and applications to mobile device 52 and/or garment
52. Server computer 54 can compute the information locally
or extract the information from other computers on network
50.

[0021] Program code and programs such as garment opti-
mization program 66 and biometric program 67 may be
stored on at least one of one or more computer-readable
tangible storage devices 830 shown in FIG. 4, on at least one
of one or more portable computer-readable tangible storage
devices 936 as shown in FIG. 4, or on storage unit 53
connected to network 50, or may be downloaded to a
computer, such as mobile device 56 or garment 52 or server
computer 54, for use. For example, program code and
programs such as garment optimization program 66 and
biometric program 67 may be stored on at least one of one
or more storage devices 830 on server computer 54 and
downloaded to mobile device 56 or garment 52 over net-
work 50 for use with the garment 52. Alternatively, server
computer 54 can be a web server, and the program code, and
programs such as garment optimization program 66 or
biometric program 67 may be stored on at least one of the
one or more storage devices 830 on server computer 54 and
accessed on mobile device 56 or garment 52. In other
exemplary embodiments, the program code, and programs
such as garment optimization program 66 or biometric
program 67 may be stored on at least one of one or more
computer-readable storage devices 830 on mobile device 56
or to garment 52 or distributed between two or more servers.
[0022] In the depicted example, network data processing
system 51 is the Internet with network 50 representing a
worldwide collection of networks and gateways that use the
Transmission Control Protocol/Internet Protocol (TCP/IP)
suite of protocols to communicate with one another. At the
heart of the Internet is a backbone of high-speed data
communication lines between major nodes or host comput-
ers, consisting of thousands of commercial, governmental,
educational and other computer systems that route data and
messages. Of course, network data processing system 51
also may be implemented as a number of different types of
networks, such as, for example, an intranet, local area
network (LAN), or a wide area network (WAN). FIG. 1 is
intended as an example, and not as an architectural limita-
tion, for the different illustrative embodiments.

[0023] FIG. 2 shows a method of garment optimization.

[0024] In a first step, a garment optimization program 66
receives data from sensors 57 in the garment 52 (step 102).
Data may also be received from the sensors 59 of the mobile
device 52.

[0025] The garment optimization program 66 compares
the data received from sensors 57, 59 to defined levels for
the user (step 104). The defined levels may be stored in
repository 53. The defined levels may be set by the user or
predetermined.

[0026] The garment optimization program 66 determines a
comfort score of the garment for the user, based on the
defined levels (step 106).

[0027] FIG. 3 shows a flow diagram of a method of
determining a comfort score of a garment being worn by the
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user (step 106). The comfort score of the garment may be
determined using a recurrent neural network (RNN).
[0028] A RNN is a class of artificial neural network where
connections between units form a directed cycle. This cre-
ates an internal state of the network which allows it to
exhibit dynamic temporal behavior. The RNNs can use an
internal memory to process arbitrary sequences of inputs and
allows unsegmented movements or biometric data to deter-
mine comfort level of a user as it relates garment being
worn.

[0029] In one embodiment, a deep learning RNN, such as
a long short term memory (LSTM) network is used. LSTMs
help preserve error and uses memory weights to recall
previous states and can change combined values that enter
an activation function.

[0030] By maintaining a more constant error, recurrent
nets are allowed to continue to learn over many time steps
(over 1000), thereby opening a channel to link causes and
effects remotely.

[0031] LSTMs contain information outside the normal
flow of the recurrent network in a gated cell. Information can
be stored in, written to, or read from a cell, much like data
in a computer’s memory. The cell makes decisions in
regards to what is stored, and when to allow reads, writes
and erasures, via gates that open and close. The gates act on
the signals they receive, and similar to a neural network’s
nodes, in that information is blocked or passed based on its
strength and import, which is filtered by sets of weights.
Those weights, like the weights that modulate input and
hidden states, are adjusted via a recurrent networks learning
process. That is, the cells learn when to allow data to enter,
leave or be deleted through the iterative process of making
guesses, back-propagating error, and adjusting weights via
gradient descent. The gates are analog and are implemented
with element-wise multiplication by sigmoids, which are all
in the range of 0-1. The input provided to the cells is
acquired from the sensors in the garment. The output of the
LSTM is a measure of how well the garment suits the current
environment or fits the user.

[0032] Using the LSTM RNN, the garment optimization
program 66 defines the garment being worn by the user, with
each garment being worn being defined as a particle and
features of the garment being defined as feature vectors (step
120). The dimensionality of the feature vectors will be the
same for each garment being tracked. The feature vectors
may include, but is not limited to position, texture and shape
of the garment.

[0033] The garment optimization program 66 measures a
quality of each particle in multiple intervals of time (step
122). The measurement of the quality is accomplished
through the LSTM. The LSTM accepts feature vectors from
the particle representing a garment. The vectors are normal-
ized and input into the LSTM. Sigmoid functions are applied
to the convergence of the feature vector values. Memory
weights are then applied. The memory weights are updated
to remember the state of the particle for a time interval. The
output of the LSTM measure the comfort of the garment
relative to the user.

[0034] Referring back to FIG. 2, the garment optimization
program 66 compares the determined comfort score to
previously stored comfort scores for the user or alternatively,
if a previously stored comfort score is not present for the
user, to a predetermined comfort score for the garment being
worn by the user (step 108).

Dec. 14, 2017

[0035] If the comfort score is acceptable (step 110), the
association of the garment with the comfort score for a user
is stored in a repository (step 112), for example repository
53.

[0036] The comfort score is determined to be acceptable
based on how close the individual’s social score is to global
score and a neighbor social score. Each particle (garment)
tries to come in equilibrium state, which is to come closer to
the “nbest” or “gbest” value. An “nbest” value will be
always less the or equal to “gbest” value. Therefore, the
particle (garment) will first try to move towards an “nbest”
value. The optimum score will be reached when there is no
further movement in the particles. It should be noted that a
runtime limit for the optimization of particle to get the best
value or optimum value. Furthermore, there may be a time
limit or timer associated with how often the garment can
change.

[0037] Ifthe comfort score is not acceptable (step 110), the
garment optimization program alters the electrical signals
being sent to the conductive threads of the garment to alter
the texture, shape and/or size while the garment is being
worn by the user (step 114) and the method returns to step
102. For example, a signal may be sent to the conductive
threads to alter the density of the threads and thus the shape
and/or texture of the garment while being worn by the user.
A different signal may be used to control the shape, texture
and color of the garment or multiple garments. The shape of
the garment may be controlled by an intensity of electrical
signals.

[0038] FIG. 4 illustrates internal and external components
of'a garment 52, a mobile device 56, and server computer 54
in which illustrative embodiments may be implemented. In
FIG. 4, a garment 52, server computer 54, and a mobile
device 56 may include respective sets of internal compo-
nents 800a, 8005, 800c¢ and external components 900a,
9005, 900c. Each of the sets of internal components 8004,
8005, 800¢ includes one or more processors 820, one or
more computer-readable RAMs 822 and one or more com-
puter-readable ROMs 824 on one or more buses 826, and
one or more operating systems 828 and one or more com-
puter-readable tangible storage devices 830. The one or
more operating systems 828, garment optimization program
66, and biometric program 67 are stored on one or more of
the computer-readable tangible storage devices 830 for
execution by one or more of the processors 820 via one or
more of the RAMs 822 (which typically include cache
memory). In the embodiment illustrated in FIG. 4, each of
the computer-readable tangible storage devices 830 is a
magnetic disk storage device of an internal hard drive.
Alternatively, each of the computer-readable tangible stor-
age devices 830 is a semiconductor storage device such as
ROM 824, EPROM, flash memory or any other computer-
readable tangible storage device that can store a computer
program and digital information.

[0039] Each set of internal components 800a, 8005, 800¢
also includes a R/W drive or interface 832 to read from and
write to one or more portable computer-readable tangible
storage devices 936 such as a CD-ROM, DVD, memory
stick, magnetic tape, magnetic disk, optical disk or semi-
conductor storage device. Garment optimization program 66
and biometric program 67 can be stored on one or more of
the portable computer-readable tangible storage devices
936, read via R/W drive or interface 832 and loaded into
hard drive 830.



US 2017/0357274 Al

[0040] Each set of internal components 800a, 8005, 800¢
also includes a network adapter or interface 836 such as a
TCP/IP adapter card. Garment optimization program 66 and
biometric program 67 can be downloaded to the personal
imaging device 52 and server computer 54 from an external
computer via a network (for example, the Internet, a local
area network or other, wide area network) and network
adapter or interface 836. From the network adapter or
interface 836, power management program 66 and sensor
data capture program 67 is loaded into hard drive 830.
Garment optimization program 66 and biometric program 67
can be downloaded to the mobile device 56 and server
computer 54 from an external computer via a network (for
example, the Internet, a local area network or other, wide
area network) and network adapter or interface 836. From
the network adapter or interface 836, Garment optimization
program 66 and biometric program 67 are loaded into hard
drive 830. The network may comprise copper wires, optical
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers.

[0041] Each of the sets of external components 900a,
9005, 900c¢ includes a computer display monitor 920, a
keyboard 930, and a computer mouse 934. Each of the sets
of internal components 800a, 8005, 800c also includes
device drivers 840 to interface to computer display monitor
920, keyboard 930 and computer mouse 934. The device
drivers 840, R/W drive or interface 832 and network adapter
or interface 836 comprise hardware and software (stored in
storage device 830 and/or ROM 824).

[0042] Garment optimization program 66 and biometric
program 67 can be written in various programming lan-
guages including low-level, high-level, object-oriented or
non object-oriented languages. Alternatively, the functions
of a garment optimization program 66 and biometric pro-
gram 67 can be implemented in whole or in part by computer
circuits and other hardware (not shown).

[0043] The present invention may be a system, a method,
and/or a computer program product at any possible technical
detail level of integration. 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.

[0044] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
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
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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.

[0045] 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.

[0046] 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, con-
figuration data for integrated circuitry, or either source code
or object code written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, 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, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0047] 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.

[0048] 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
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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.

[0049] 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.

[0050] 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 blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, 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 diagrams 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.

What is claimed is:

1. A method of optimizing a garment being worn by a
user, the garment comprising: a plurality of conductive
threads forming a fabric, the fabric comprising a plurality of
sensors, the method comprising the steps of:

a computer receiving biometric data from the sensors in

the garment;

the computer comparing the biometric data received from

the sensors to predefined levels of biometric data
associated with the user;

the computer determining a comfort score of the garment

for the user based on the biometric data;

the computer comparing the comfort score of the garment

to previously stored comfort scores; and

if the comfort score is not acceptable for the garment

currently being worn by the user, the computer sending
a signal to the conductive threads of the garment while
being worn by the user to alter a feature of the garment
selected from the group consisting of: texture, shape
and size.

2. The method of claim 1, wherein, if the comfort score is
acceptable, storing the comfort score of the garment asso-
ciated with the user in a repository.

3. The method of claim 1, wherein the garment is worn
next to the skin of the user.
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4. The method of claim 1, further comprising the step of
receiving biometric data of the user from a mobile device.
5. The method of claim 1, wherein the conductive threads
are made of shape memory materials and alter the shape
based on stimuli.
6. The method of claim 5, wherein the shape memory
materials are selected from the group consisting of: shape
memory alloys and shape memory polymers.
7. The method of claim 1, wherein the step of determining
a comfort score further comprises the steps of:
a long short term memory network in communication
with the computer receiving a particle defined as the
garment being worn by the user and at least one feature
of the garment as feature vectors of the garment;
the long short term memory network measuring a quality
of each particle in multiple intervals of time by:
normalizing feature vectors;
converging the feature vectors;
applying sigmoid functions to the convergence of the
feature vectors;

applying memory weights to the convergence of the
feature vectors;

updating the memory weights to store a state of the
particle at an interval of time; and

outputting a measure of comfort of the garment relative
to the user as a comfort score.

8. A computer program product for optimizing a garment
being worn by a user, the garment comprising: a plurality of
conductive threads forming a fabric, the fabric comprising a
plurality of sensors, a computer comprising at least one
processor, one or more memories, one or more computer
readable storage media, the computer program product com-
prising a computer readable storage medium having pro-
gram instructions embodied therewith, the program instruc-
tions executable by the computer to perform a method
comprising:

receiving, by the computer, biometric data from the
sensors in the garment;

comparing, by the computer, the biometric data received
from the sensors to predefined levels of biometric data
associated with the user;

determining, by the computer, a comfort score of the
garment for the user based on the biometric data;

comparing, by the computer, the comfort score of the
garment to previously stored comfort scores; and

if the comfort score is not acceptable for the garment
currently being worn by the user, sending, by the
computer, a signal to the conductive threads of the
garment while being worn by the user to alter a feature
of the garment selected from the group consisting of:
texture, shape and size.

9. The computer program product of claim 8, wherein, if
the comfort score is acceptable, storing the comfort score of
the garment associated with the user in a repository.

10. The computer program product of claim 8, wherein
the garment is worn next to the skin of the user.

11. The computer program product of claim 8, further
comprising the program instructions of receiving, by the
computer, the biometric data of the user from a mobile
device.

12. The computer program product of claim 8, wherein
the conductive threads are made of shape memory materials
and alter the shape based on stimuli.
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13. The computer program product of claim 12, wherein
the shape memory materials are selected from the group
consisting of: shape memory alloys and shape memory
polymers.
14. The computer program product of claim 8, wherein
the program instructions of determining, by the computer, a
comfort score further comprises the steps of:
a long short term memory network in communication
with the computer receiving a particle defined as the
garment being worn by the user and at least one feature
of the garment as feature vectors of the garment;
the long short term memory network measuring a quality
of each particle in multiple intervals of time by:
normalizing feature vectors;
converging the feature vectors;
applying sigmoid functions to the convergence of the
feature vectors;

applying memory weights to the convergence of the
feature vectors;

updating the memory weights to store a state of the
particle at an interval of time; and

outputting a measure of comfort of the garment relative
to the user as a comfort score.

15. A computer system for optimizing a garment being
worn by a user, the garment comprising: a plurality of
conductive threads forming a fabric, the fabric comprising a
plurality of sensors, the computer system comprising a
computer comprising at least one processor, one or more
memories, one or more computer readable storage media
having program instructions executable by the computer to
perform the program instructions comprising:

receiving, by the computer, biometric data from the
sensors in the garment;

comparing, by the computer, the biometric data received
from the sensors to predefined levels of biometric data
associated with the user;

determining, by the computer, a comfort score of the
garment for the user based on the biometric data;
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comparing, by the computer, the comfort score of the
garment to previously stored comfort scores; and
if the comfort score is not acceptable for the garment
currently being worn by the user, sending, by the
computer, a signal to the conductive threads of the
garment while being worn by the user to alter a feature
of the garment selected from the group consisting of:
texture, shape and size.
16. The computer system of claim 15, wherein, if the
comfort score is acceptable, storing the comfort score of the
garment associated with the user in a repository.
17. The computer system of claim 15, wherein the gar-
ment is worn next to the skin of the user.
18. The computer system of claim 15, further comprising
the program instructions of receiving, by the computer, the
biometric data of the user from a mobile device.
19. The computer system of claim 15, wherein the con-
ductive threads are made of shape memory materials and
alter the shape based on stimuli.
20. The computer system of claim 15, wherein the pro-
gram instructions of determining, by the computer, a com-
fort score further comprises the steps of:
a long short term memory network in communication
with the computer receiving a particle defined as the
garment being worn by the user and at least one feature
of the garment as feature vectors of the garment;
the long short term memory network measuring a quality
of each particle in multiple intervals of time by:
normalizing feature vectors;
converging the feature vectors;
applying sigmoid functions to the convergence of the
feature vectors;

applying memory weights to the convergence of the
feature vectors;

updating the memory weights to store a state of the
particle at an interval of time; and

outputting a measure of comfort of the garment relative
to the user as a comfort score.
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