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SYSTEMS AND METHODS FOR DATA
PROCESSING AND PERFORMING
STRUCTURED AND CONFIGURABLE DATA
COMPRESSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Ser. No. 62/978,350, filed Feb. 19, 2020,
entitled “SYSTEMS AND METHODS FOR STRUC-
TURED AND CONFIGURABLE DATA COMPRES-
SION,” and to U.S. Provisional Patent Application Ser. No.
62/978,353, filed Feb. 19, 2020, entitled “APPARATUS
FOR STORING AND TRANSMITTING LARGE
AMOUNTS OF DATA VIA A BANDAGE OR STICKER,”
each of which is hereby incorporated herein by reference in
its entirety.

BACKGROUND

In modern medical settings, the collection, storage, and
processing of health data is commonplace, resulting in the
accumulation and processing of large amounts of data for
each patient and procedure occurring in a typical medical
facility. There are environments and operating conditions
where patients may have urgent medical needs, but the
access to, and ability to process, health data associated with
such patients is limited. Such environments and operating
conditions are known as “disconnection, intermittent, or
low-bandwidth” (DIL) environments or conditions and
include any situation where there are limits on the size
and/or amount of data that can be transmitted, received,
processed, and/or stored at any given time. However, in such
environments, the need to collect, store, and exchange
information remains. Examples of such environments
include battlefields, remote operations, temporary emer-
gency medical facilities, remote military operations, medical
operations in times of natural disaster, etc.

SUMMARY

A computer-implemented data processing method for
encoding healthcare data, according to various embodi-
ments, may include: receiving, by one or more computer
processors, healthcare data comprising a plurality of pieces
of healthcare data; determining, by one or more computer
processors, a value of a first piece of healthcare data of the
plurality of pieces of healthcare data; determining, by one or
more computer processors, one or more attributes of the first
piece of healthcare data; determining, by one or more
computer processors using a look-up table, a byte position
for the first piece of healthcare data based on the one or more
attributes of the first piece of healthcare data; determining,
by one or more computer processors using the look-up table,
an encoding type for the first piece of healthcare data based
on the one or more attributes of the first piece of healthcare
data; generating, by one or more computer processors based
on the encoding type for the first piece of healthcare data, an
encoded byte representing the first piece of healthcare data;
inserting, by one or more processors, the encoded byte
representing the first piece of healthcare data into a sequence
of encoded bytes at the byte position for the first piece of
healthcare data; generating, by one or more computer pro-
cessors, a data stream comprising the sequence of encoded
bytes; and transmitting, by one or more computer processors
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using one or more wireless communications components,
the data stream to a recipient device.

In particular embodiments, the method may include
inserting a special byte code into the sequence of encoded
bytes, wherein the special byte code indicates one of: (a) a
separation of complete medical data records; (b) a separation
of medical values; (c¢) a separation of types of medical data;
(d) an end of a complete medical data record; (e) an end of
a structure of a medical data record; and (f) an end of a
substructure of a medical data record. In particular embodi-
ments, one or more of the plurality of pieces of healthcare
data is a piece of healthcare data selected from a group
consisting of: (a) a vital sign code; (b) a unit of measure-
ment; (¢) an observed measurement; and (d) a timestamp. In
particular embodiments, the look-up table comprises a plu-
rality of encoding bytes, and for each encoding byte of the
plurality of encoding bytes, the look-up table comprises a
respective code system, a respective code value, and a
respective display text. In particular embodiments, the look-
up table is one of a plurality of look-up tables, and each
look-up table of the plurality of look-up tables is associated
with a distinct medical domain. In particular embodiments,
that method may also include determining that there are no
remaining pieces of healthcare data of the plurality of pieces
of healthcare data to encode; and at least partially in
response to determining that there are no remaining pieces
of'healthcare data of the plurality of pieces of healthcare data
to encode, inserting a special encoded byte into the sequence
of encoded bytes at a position in the sequence of encoded
bytes immediately following a position of a last encoded
byte in the sequence of encoded bytes, wherein the special
encoded byte indicates the end of the sequence of encoded
bytes. In particular embodiments, the method may also
include determining that there is unused space in an amount
of data space allotted to the sequence of encoded bytes; and
the special encoded byte into the sequence of encoded bytes
at a position in the sequence of encoded bytes immediately
following a position of a last encoded byte in the sequence
of encoded bytes is further inserted into the sequence of
encoded bytes at least partially in response to determining
that there is unused space in the amount of data space
allotted to the sequence of encoded bytes. In particular
embodiments, determining the encoding type for the first
piece of healthcare data based on the one or more attributes
of the first piece of healthcare data comprises determining
that the encoding type for the first piece of healthcare data
is binary encoding. In particular embodiments, the first piece
of healthcare data comprises a character string representa-
tion of a numeric value; and generating the encoded byte
representing the first piece of healthcare data based on the
encoding type for the first piece of healthcare data com-
prises: converting the character string representation of the
numeric value to a binary representation of the numeric
value; and generating the encoded byte comprising the
binary representation of the numeric value.

A data processing system for encoding healthcare data,
according to various embodiments, may include: data recep-
tion means for receiving healthcare data comprising a plu-
rality of pieces of healthcare data; healthcare data value
determination means for determining a value of a first piece
of healthcare data of the plurality of pieces of healthcare
data; healthcare data attribute determination means for
determining one or more attributes of the first piece of
healthcare data; healthcare data encoded byte position deter-
mination means for determining a byte position for the first
piece of healthcare data based on the one or more attributes
of the first piece of healthcare data using a look-up table;
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healthcare data encoding type determination means for
determining an encoding type for the first piece of healthcare
data based on the one or more attributes of the first piece of
healthcare data using a look-up table; healthcare data
encoded byte generation means for generating an encoded
byte representing the first piece of healthcare data based on
the encoding type for the first piece of healthcare data;
encoded byte insertion means for inserting the encoded byte
representing the first piece of healthcare data into a sequence
of encoded bytes at the byte position for the first piece of
healthcare data; data stream generation means for generating
a data stream comprising the sequence of encoded bytes; and
wireless transmission means for wirelessly transmitting the
data stream to a recipient device.

A data processing system for decoding encoded health-
care data, according to various embodiments, may include:
one or more processors; one or more wireless communica-
tions components; and computer memory storing computer-
executable instructions that, when executed by the one or
more processors, cause the one or more processors to
perform operations comprising: receiving, at the one or
more processors via the one or more wireless communica-
tions components, a data stream comprising a sequence of
encoded bytes; determining a first byte position within the
sequence of encoded bytes of a first encoded byte of the
sequence of encoded bytes; determining, based on the first
byte position within the sequence of encoded bytes of the
first encoded byte, using a look-up table, one or more
healthcare data attributes associated with a first piece of
healthcare data; determining, based on the one or more
healthcare data attributes associated with the first piece of
healthcare data, a decoding type for the first piece of
healthcare data; generating, based on the decoding type for
the first piece of healthcare data, a value of the first piece of
healthcare data using the first encoded byte; storing, in the
computer memory, the one or more healthcare data attributes
associated with the first piece of healthcare data and the
value of the first piece of healthcare data; associating, in the
computer memory, the one or more healthcare data attributes
associated with the first piece of healthcare data and the
value of the first piece of healthcare data; and generating a
healthcare record comprising the one or more healthcare
data attributes associated with the first piece of healthcare
data and the value of the first piece of healthcare data.

In particular embodiments, determining the decoding type
for the first piece of healthcare data comprises determining
that the decoding type for the first piece of healthcare data
is binary encoding. In particular embodiments, the first
encoded byte comprises a binary representation of a numeric
value; and generating, based on the decoding type for the
first piece of healthcare data, the value of the first piece of
healthcare data using the first encoded byte comprises
converting the binary representation of the numeric value to
a character string representation of the numeric value. In
particular embodiments, one or more of the one or more
healthcare data attributes associated with the first piece of
healthcare data comprise one or more attributes selected
from a group consisting of: (a) a code system; (b) a code
value; and (c) a display text. In particular embodiments, one
or more healthcare data attributes associated with the first
piece of healthcare data comprises a code system, and
wherein the code system is the Logical Observation Identi-
fiers Names and Codes (LOINC) system health measure-
ment terminology system. In particular embodiments, the
operations may include: determining a second byte position
within the sequence of encoded bytes of a second encoded
byte of the sequence of encoded bytes; determining, based
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on the second byte position within the sequence of encoded
bytes of the second encoded byte, using the look-up table,
that the second encoded byte is a special byte code. In
particular embodiments, the special byte code indicates the
termination of the data stream.

A non-transitory computer-readable medium, according
to various embodiments, may include computer executable
instructions for: receiving, by one or more computer pro-
cessors, healthcare data comprising a plurality of pieces of
healthcare data; determining, by one or more computer
processors, a first piece of healthcare data of the plurality of
pieces of healthcare data; determining, by one or more
computer processors, one or more attributes of the first piece
of healthcare data; determining, by one or more computer
processors, using a look-up table and based on the one or
more attributes of the first piece of healthcare data, a byte
position for the first piece of healthcare data; determining,
by one or more computer processors, using the look-up table
and based on the one or more attributes of the first piece of
healthcare data, an encoding type for the first piece of
healthcare data, wherein the encoding type comprises binary
encoding; determining, by one or more computer processors,
a numeric value associated with the first piece of healthcare
data, wherein the numeric value is representing in the first
piece of healthcare data by a character string; determining,
by one or more computer processors based on the encoding
type for the first piece of healthcare data, a binary repre-
sentation of the numeric value associated with the first piece
of healthcare data; generating, by one or more computer
processors, an encoded byte representing the first piece of
healthcare data comprising the numeric value associated
with the first piece of healthcare data; inserting, by one or
more processors, the encoded byte representing the first
piece of healthcare data into a sequence of encoded bytes at
the byte position for the first piece of healthcare data;
generating, by one or more computer processors, a data
stream comprising the sequence of encoded bytes; and
transmitting, by one or more computer processors using one
or more wireless communications components, the data
stream to a recipient device.

In particular embodiments, the computer executable
instructions for may further include instructions for deter-
mining, using the look-up table based on the one or more
attributes of the first piece of healthcare data, a type of units
for the first piece of healthcare data. In particular embodi-
ments, the plurality of pieces of healthcare data comprises a
data structure representing a patient encounter with a health-
care provider. In particular embodiments, the data structure
comprises a first substructure comprising a first subset of the
plurality of pieces of healthcare data comprising demo-
graphic data associated with a patient. In particular embodi-
ments, the data structure comprises a second substructure
comprising a second subset of the plurality of pieces of
healthcare data comprising vital signs data associated with
the patient.

A user-affixable device configured to transmit, receive,
and store healthcare data, according to various embodi-
ments, may include: a bandage comprising an adhesive
portion, an absorbent portion, and a water-resistant flexible
encapsulation portion, wherein the water-resistant flexible
encapsulation portion is configured to encapsulation plural-
ity of electronic components, and wherein the plurality of
electronic components comprises: a microprocessor; data
storage media communicatively connected to the micropro-
cessor; a near-field communications (NFC) processor com-
municatively connected to the microprocessor; an NFC
antenna communicatively connected to the NFC processor,
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wherein the NFC processor is configured to: at least partially
in response to receiving an NFC signal from an NFC
initiator device via the NFC antenna, establish an NFC field
with the NFC initiator device; and at least partially in
response to establishing the NFC field with the NFC initiator
device; transmit an activation signal to the microprocessor;
a power supply configured to supply power to the micro-
processor; a Bluetooth processor communicatively con-
nected to the microprocessor; and a Bluetooth antenna
communicatively connected to the NFC Bluetooth proces-
sor; wherein the microprocessor is configured to, at least
partially in response to receiving the activation signal from
the NFC processor, provide power to the data storage media
and the Bluetooth processor; and wherein the Bluetooth
processor is configured to, at least partially in response to
receiving power from the microprocessor, establish a Blu-
etooth communications session with a wireless communi-
cations device.

In particular embodiments, the NFC processor is further
configured to: detect a breaking of the NFC field; and at least
partially in response to detecting the breaking of the NFC
field, transmit a deactivation signal to the microprocessor. In
particular embodiments, the microprocessor is further con-
figured to: at least partially in response to receiving the
deactivation signal from the NFC processor, cease providing
power to the data storage media and the Bluetooth processor.
In particular embodiments, the Bluetooth processor is fur-
ther configured to: detect a termination of the Bluetooth
communications session with the wireless communications
device; and at least partially in response to detecting the
termination of the Bluetooth communications session with
the wireless communications device, transmit a deactivation
signal to the microprocessor. In particular embodiments, the
microprocessor is further configured to: at least partially in
response to receiving the deactivation signal from the Blu-
etooth processor, cease providing power to the data storage
media and the Bluetooth processor. In particular embodi-
ments, the wireless communications device is a device
distinct from the NFC initiator device. In particular embodi-
ments, the Bluetooth processor is configured to, at least
partially in response to receiving power from the micropro-
cessor, transmit a message to the NFC initiator device
indicating that the user-affixable device has Bluetooth capa-
bilities. In particular embodiments, the Bluetooth processor
is configured to establish the Bluetooth communications
session with the NFC initiator device via the Bluetooth
antenna. In particular embodiments, the Bluetooth processor
is configured to: receive healthcare data via the Bluetooth
antenna; and transmit the healthcare data to the micropro-
cessor for storage at the data storage media.

A smart bandage system for processing healthcare data,
according to various embodiments, may include: an adhe-
sive means for adhering the smart bandage system to skin of
a human patient; an absorbent means for absorbing moisture
from the human patient; a flexible, water-resistant encapsu-
lation means for housing a plurality of electronic compo-
nents; a computer processing means for processing health-
care data and for providing power to one or more of the
plurality of electronic components at least partially in
response to receiving an activation signal from short-range
wireless communications means; a data storage means for
storing healthcare data; the short-range wireless communi-
cations means for communicating with one or more short-
range wireless initiator devices using short-range wireless
communications and for transmitting the activation signal to
the computer processing means upon establishing short-
range wireless communications session with the one or more
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short-range wireless initiator devices; a battery means for
supplying power to the microprocessor; and a Bluetooth
communications means for communicating with one or
more Bluetooth-capable devices and for, at least partially in
response to receiving power from the computer processing
means, establishing a Bluetooth communications session
with the one or more NFC initiator devices.

A data processing system for processing healthcare data,
according to various embodiments, may include: a housing;
a moisture-resistant encapsulation portion configured within
the housing; a microprocessor configured within the mois-
ture-resistant encapsulation portion; data storage media con-
figured within the moisture-resistant encapsulation portion
and communicatively connected to the microprocessor; a
near-field communications (NFC) processor configured
within the moisture-resistant encapsulation portion and
communicatively connected to the microprocessor; an NFC
antenna configured within the moisture-resistant encapsula-
tion portion and communicatively connected to the NFC
processor, wherein the NFC processor is configured to: at
least partially in response to receiving an NFC signal from
an NFC initiator device via the NFC antenna, establish an
NFC field with the NFC initiator device; and at least
partially in response to establishing the NFC field with the
NFC initiator device; transmit an activation signal to the
microprocessor; a power supply configured within the mois-
ture-resistant encapsulation portion and configured to supply
power to the microprocessor; a wireless communications
processor configured within the moisture-resistant encapsu-
lation portion and communicatively connected to the micro-
processor; and one or more wireless communications anten-
nas configured within the moisture-resistant encapsulation
portion and communicatively connected to the wireless
communications processor; wherein the microprocessor is
configured to, at least partially in response to receiving the
first activation signal from the NFC processor, provide
power to the data storage media and the wireless commu-
nications processor; and wherein the wireless communica-
tions processor is configured to, at least partially in response
to receiving power from the microprocessor, establish a
wireless communications session with a wireless commu-
nications device using the one or more wireless communi-
cations antennas.

In particular embodiments, the wireless communications
processor is a Wi-Fi processor; the one or more wireless
communications antennas are one or more Wi-Fi antennas;
and the wireless communications session is a Wi-Fi com-
munications session. In particular embodiments, the wire-
less communications processor is further configured to:
receive a request for healthcare data at the wireless com-
munications processor from the wireless communications
device via the wireless communications session; transmit the
request for the healthcare data from the wireless communi-
cations processor to the microprocessor; retrieve the
requested healthcare data from the data storage media by the
microprocessor; transmit the requested healthcare data from
the microprocessor to the wireless communications proces-
sor; receive the requested healthcare data from the micro-
processor at the wireless communications processor; and
transmit the requested healthcare data from the wireless
communications processor to the wireless communications
device via the wireless communications session using the
one or more wireless communications antennas. In particu-
lar embodiments, the requested healthcare data comprises a
sequence of encoded bytes. In particular embodiments, the
NFC processor is further configured to detect a breaking of
the NFC field; and at least partially in response to detecting
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the breaking of the NFC field, the NFC processor is further
configured to transmit a deactivation signal to the micro-
processor. In particular embodiments, at least partially in
response to receiving the deactivation signal from the NFC
processor, the microprocessor is configured to transmit an
instruction to the wireless communications processor to
terminate the wireless communications session with the
wireless communications device. In particular embodi-
ments, the housing is a band suitable for attachment about a
human arm or a human leg. In particular embodiments, the
housing is a bandage suitable for attachment to human skin.

A method of operating a healthcare data processing sys-
tem, according to various embodiments, may include: estab-
lishing, by a near-field communications (NFC) processor via
an NFC antenna, an NFC field with an NFC initiator device,
wherein the NFC processor and the NFC antenna are encap-
sulated in a moisture-resistant bandage housing; transmit-
ting an activation signal from the NFC processor to a
microprocessor, wherein the microprocessor is encapsulated
in the moisture-resistant bandage housing; at least partially
in response to receiving the activation signal from the NFC
processor, providing power, by a battery via the micropro-
cessor, to a Bluetooth processor and data storage media,
wherein the battery, the Bluetooth processor, and the data
storage media are encapsulated in the moisture-resistant
bandage housing; at least partially in response to receiving
power from the battery via the microprocessor, establishing,
by the Bluetooth processor via one or more Bluetooth
antennas, a Bluetooth communications session with the NFC
initiator device; wherein the one or more Bluetooth antennas
are encapsulated in the moisture-resistant bandage housing;
exchanging data, by the Bluetooth processor using the one
or more Bluetooth antennas, via the Bluetooth communica-
tions session with the NFC initiator device; detecting, at the
Bluetooth processor via the one or more Bluetooth antennas,
a termination of the Bluetooth communications session with
the NFC initiator device; at least partially in response to
detecting the termination of the Bluetooth communications
session with the NFC initiator device, transmitting, from the
Bluetooth processor, a deactivation signal to the micropro-
cessor; and at least partially in response to receiving the
deactivation signal from the Bluetooth processor, ceasing,
by the microprocessor, providing power from the battery to
the Bluetooth processor and the data storage media.

In particular embodiments, the method may also include
establishing, by the Bluetooth processor using the one or
more Bluetooth antennas, one or more Bluetooth sessions
with one or more respective health data sensors configured
on a human user; receiving, via the one or more Bluetooth
sessions with the one or more respective health data sensors,
by the Bluetooth processor using the one or more Bluetooth
antennas, health measurement data; transmitting, from the
Bluetooth processor to the microprocessor, the health mea-
surement data; receiving, at the microprocessor from the
Bluetooth processor, the health measurement data; and stor-
ing, by the microprocessor, the health measurement data in
the data storage media. In particular embodiments, one or
more of the one or more health data sensors is a sensor
selected from a group consisting of: (a) a heart rate sensor;
(b) a body temperature sensor; (c) a sweat sensor; (d) a
biosensor; and (e) an environmental sensor. In particular
embodiments, exchanging data via the Bluetooth commu-
nications session with the NFC initiator device comprises:
retrieving, by the microprocessor, a subset of the health
measurement data from the data storage media; transmitting
the subset of the health measurement data from the micro-
processor to the Bluetooth processor; receiving the subset of
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the health measurement data from the microprocessor at the
Bluetooth processor; and transmitting the subset of the
health measurement data from the Bluetooth processor to the
NFC initiator device via the Bluetooth communications
session with the NFC initiator using the one or more
Bluetooth antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below. In the course
of this description, reference will be made to the accompa-
nying drawings, which are not necessarily drawn to scale,
and wherein:

FIG. 1 is a diagram illustrating an exemplary system in
which various embodiments may be implemented.

FIG. 2 is a diagram illustrating an exemplary computer
that may be used in one or more exemplary system in which
various embodiments may be implemented, such as exem-
plary system 100 of FIG. 1.

FIG. 3 is a diagram illustrating an exemplary smart
bandage in which various embodiments may be imple-
mented.

FIG. 4 is a flow chart showing an example of a smart
bandage control process.

FIG. 5 is a flow chart showing an example of a process
performed by a Healthcare Data Compression Module.

FIG. 6 is a flow chart showing an example of a process
performed by a Healthcare Data Decompression Module.

DETAILED DESCRIPTION

Various embodiments now will be described more fully
hereinafter with reference to the accompanying drawings. It
should be understood that the invention may be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the
invention to those skilled in the art. Like numbers refer to
like elements throughout.

Exemplary System

FIG. 1 illustrates an exemplary system 100 in which
various embodiments may be implemented. In system 100,
a patient 110 may be experiencing some type of medical
issue. For example, the patient 110 may be experiencing a
serious condition that renders the patient 110 unconscious or
otherwise unable to communicate with healthcare providers,
such as a traumatic injury or a debilitating illness (e.g., viral
infection, bacterial infection, etc.). Note that animal patients
(as opposed to human patients) are also contemplated herein
and are typically incapable of substantive communication
with human healthcare providers. In other examples, the
patient 110 may be less affected by illness or injury, or may
not be affected at all. In still other examples, the patient 110
may be any individual in a healthcare system where health-
care data and other related information may be of use to
those providing healthcare to the patient 110. In such situ-
ations, the patient 110 may not be able to provide his or her
own healthcare data due to incapacity and/or inability to
easily recite such data. Furthermore, the healthcare provid-
ers attending to the patient 110 may not have immediate
access to remote computing devices, network connectivity,
etc. in order to retrieve the patient 110°s healthcare data, for
example, where such healthcare providers are operating in
DIL conditions.

A smart bandage 120 (e.g., as described herein according
to various embodiments) may be affixed to the patient 110.
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As described in more detail herein, the smart bandage 120
may include various components (e.g., electronic compo-
nents) and may execute various modules to facilitate the
collection, storage and processing of healthcare data and
other information that may, for example, be associated with
the patient 110. The smart bandage 120 may include one or
more bandage components that may serve to cover one or
more wounds and/or to absorb moisture and/or liquids, such
as those excreted by the patient 110. In particular embodi-
ments, the smart bandage 120 may serve as a healthcare data
storage and processing apparatus and may perform data
compression and wireless communications as described
herein.

A healthcare provider or other user may operate a mobile
device 130 to wirelessly communicate with the smart ban-
dage 120. The mobile device 130 may be any type of mobile
computing device that may interact with a smart bandage,
such as, but not limited to, a non-smart mobile phone, a
dedicated healthcare data processing device, a smart phone,
a laptop computer, a tablet computer, etc. The mobile device
130 may be any type of mobile computing device that is
capable of communicating with another device (e.g., the
smart bandage 120) using wireless communications tech-
nology, such as NFC, Wi-Fi, Bluetooth, and/or any other
short-range wireless communications technology. Using a
suitable wireless communication means (e.g., near field
communications (NFC), Bluetooth, Wi-Fi, any other form of
short-range wireless communications, etc.), the mobile
device 130 may wirelessly transmit data to and/or receive
data from the smart bandage 120, as described in more detail
herein. The mobile device 130 may use various data com-
pression techniques (such as those described herein) in order
to compress, transmit, and store healthcare data more effi-
ciently on the smart bandage 120. The mobile device 130
may also, or instead, use the decompression techniques
described herein with healthcare data received from the
smart bandage 120 in order to process, store, and/or transmit
such data.

The mobile device 130 may be configured to communi-
cate with one or more other devices via one or more
networks 140 that may include any type of network and any
combination of multiple networks. For example, the one or
more networks 140 may include, but are not limited to, a
wireless communications network (e.g., 3G, 4G, 5G,
CDMA, etc.), a wireless local area network (WLAN) (e.g.,
Wi-Fi, etc.), a wired network (e.g., local area network
(LAN), a wide area network (WAN), etc.), and/or any other
type of communications network.

The mobile device 130 may communicate with any of a
variety of other devices via one or more networks 140. Such
devices may include, but are not limited to, one or more
databases 150 that may store healthcare data and related
data, one or more healthcare data servers 160 that may store
and/or process healthcare data and related data, one or more
government agency data servers 170 that may store and/or
process healthcare data and related data on behalf of a
government agency (e.g., Department of Defense, etc.), and
any one or more other devices 180 that may store and/or
process healthcare data and related data.

In various embodiments, the mobile device 130 may
communicate with one or more other device via the one or
more networks 140 at a different time than when the mobile
device 130 to communicate with the smart bandage 120. For
example, a user may first use mobile device 130 to com-
municate with the smart bandage 120 in a DIL environment
and then later upload data retrieved from the smart bandage
120 to another device when the user is in a non-DIL
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environment (e.g., an environment with Internet connectiv-
ity). Similarly, a user may download data from one or more
various devices while operating the mobile device 130 in a
non-DIL environment and later, when working with the
patient 110 in a DIL environment, use such data in commu-
nication exchanges with the smart bandage 120.
Exemplary Computer Architecture

FIG. 2 illustrates a diagrammatic representation of a
computer architecture of a computer 200 that may be used
within a bandage, sticker, band, or other similar device for
storing and transmitting large amounts of data and to imple-
ment structured and configurable data compression, for
example, as described herein. In particular embodiments, the
computer 200 may be suitable for use as a computer dis-
posed within a bandage, sticker, or band as described herein
that is configured to receive input from a device, sensors,
etc. and store, process, and transmit such data.

In particular embodiments, the computer 200 may be
connected (e.g., networked) to other computers using Blu-
etooth, NFC, another form of short-range wireless commu-
nications, and/or other wireless communications technolo-
gies. The computer 200 may also, or instead, connect to
other computers using a LAN, an intranet, an extranet,
and/or the Internet. The computer 200 may be, or may be
based on, any type of device having one or more processors
and data storage capabilities and capable of executing a set
of instructions (sequential or otherwise) that specify actions
to be taken by that computer. Further, while only a single
computer is illustrated, the term “computer” shall also be
taken to include any collection of computers that individu-
ally or jointly execute a set (or multiple sets) of instructions
to perform any one or more of the methodologies discussed
herein, such as the data compression and/or decompression
methods described in more detail below.

The computer 200 may include a processing device 202
(e.g., one or more computer processors) and a main memory
204 (e.g., read-only memory (ROM), random access
memory (RAM), flash memory, dynamic random access
memory (DRAM) such as synchronous DRAM (SDRAM)
or Rambus DRAM (RDRAM), etc.) storing instructions 222
that may be executed by the processor 202. The computer
200 may also include a static memory 206 (e.g., flash
memory, static random-access memory (SRAM), etc.) and a
data storage device 218. All such components of the com-
puter 200 may communicate with each other via a bus 232.

The processor 202 represents one or more general-pur-
pose processing devices such as a microprocessor, a central
processing unit, and the like. More particularly, each pro-
cessing device of the processor 202 may be a complex
instruction set computing (CISC) microprocessor, reduced
instruction set computing (RISC) microprocessor, very long
instruction word (VLIW) microprocessor, Scalar Board, a
processor implementing other instruction sets, or a processor
implementing a combination of instruction sets. Each pro-
cessing device of the processor 202 may also, or instead, be
one or more special-purpose processing devices such as an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA), a digital signal processor
(DSP), a network processor, and the like. The processor 202
may be configured to execute processing logic 226 for
performing various operations and steps discussed herein.

The computer 200 may further include a network inter-
face device 208 that may include one or more NFC com-
ponents, Bluetooth components, any other type of short-
range wireless communications components, and/or any
other wireless communications components that may allow
communication directly with any other device (e.g., a smart
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bandage) and/or via any type of network. The computer 200
also may include a video display unit 210 (e.g., a flexible
computer display, a liquid crystal display (LCD), an LED
display, or any other suitable display), an alphanumeric or
other type of input device 212 (e.g., a keyboard, a touch-
screen, etc.), a cursor control or other input device 214 (e.g.,
touch-sensitive input device, or other suitable input device,
etc.), and a signal generation device 216 (e.g., a speaker).

The data storage device 218 may include a non-transitory
computer-accessible storage medium 230 (also known as a
non-transitory computer-readable storage medium or a non-
transitory computer-readable medium) on which may be
stored one or more sets of instructions (e.g., software 222)
embodying any one or more of the methodologies or func-
tions described herein. The software 222 may also reside,
completely or at least partially, within the main memory 204
and/or within the processor 202 during execution thereof by
the computer 200. The main memory 204 and the processing
device 202 may also constitute computer-accessible storage
media. The software 222 may further be transmitted or
received directly from another device and/or over a network
(e.g., one or more networks 140) via the network interface
device 208.

While the computer-accessible storage medium 230 is
shown in an exemplary embodiment to be a single medium,
the terms “computer-accessible storage medium,” “com-
puter-readable storage medium,” and “computer-readable
medium” should be understood to include a single medium
or multiple media (e.g., a centralized or distributed database
and/or associated caches and servers) that store the one or
more sets of instructions. The terms “computer-accessible
storage medium,” “computer-readable storage medium,”
and “computer-readable medium” should also be understood
to include any medium that is capable of storing, encoding,
or carrying a set of instructions for execution by the com-
puter and that cause the computer to perform any one or
more of the methodologies of the present invention. The
terms “computer-accessible storage medium,” “computer-
readable storage medium,” and “computer-readable
medium” should accordingly be understood to include, but
not be limited to, solid-state memories, optical media, mag-
netic media, etc.

Also, while the computer 200 is shown in FIG. 2 as
including various components, it should be understood that
the computer 200 may include greater or fewer components
in other embodiments. For example, in certain embodiments
200, the computer may not include a video display 210,
signal generation device 216, or other components shown in
FIG. 2.

Smart Bandage Overview

In most modern industries and businesses, storing and
transmitting large amounts of data using computing devices
and networks is common. The healthcare industry is no
exception and the use of modern computing devices and
networks has greatly increased the efficacy of modern
healthcare. However, situations may arise where the com-
munication of healthcare data beyond the immediate area is
much more limited or even impossible, such as in “discon-
nection, intermittent, or low-bandwidth” (DIL) environ-
ments (e.g., battlefields, remote operations, temporary hos-
pitals, emergency facilities, in natural disasters, any other
situations where the normal infrastructure has been rendered
inoperable, etc.). In such situations, the need to collect,
store, and exchange healthcare information remains. To
accommodate data storage needs in such difficult environ-
ments, the various disclosed embodiments provide for a
device that can store and transmit large amounts of data
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quickly and securely, especially to support situations where
direct device to device transmission is limited or (e.g.,
practically) impossible.

In DIL situations, healthcare providers may be operating
in a temporary medical facility (e.g., in an operational
battlefield, in a temporary medical facility set up to address
a pandemic, in a temporary medical facility set up to address
a natural disaster, etc.). In such environments, healthcare
providers may need to treat patients at the point of injury
and/or at the location where they experienced an onset of
illness (e.g., wounded soldiers in the battlefield, victims of
natural disaster proximate to the impact of the disaster,
victims of disease (e.g., viral and/or bacterial infection) at
the location of symptom onset, etc.). Often in these sce-
narios, the healthcare providers and others are operating in
forward deployed situations where there is little or no access
to high speed communications technologies.

Various embodiments provide specialized solutions that
allow a healthcare provider operating in such DIL environ-
ments to digitally capture medical information on a mobile
device and document the care of an injured or ill patient. In
various embodiments, the healthcare provider may convey
the medical information physically along with the patient as
the patient moves from the forward operating environment
to a brick and mortar hospital or other, more permanent,
medical facility. Various disclosed systems and methods
provide for a device that is easy to use, can be affixed to, and
move with, the patient, and can carry sufficient amounts of
data (e.g., pictures, video, medical records, recordings, etc.)
to improve the information available about the care received
by the patient and prevent important medical data from
lagging behind the patient.

In various embodiments, the disclosed apparatus may be
used in DIL environments and may be configured to be
affixed to a patient. In particular embodiments, the disclosed
apparatus may serve at least one other purpose, such as also
functioning as a bandage. Various embodiments may be
configured to store relatively large amounts of data and to
transmit, receive, read, and/or present such data as the
patient moves along various points in the path of care, for
example, from point of injury to a hospital or other care
location. While various embodiments set forth herein may
be described using examples related to providing medical
care to an injured or ill patient in a DIL environment, various
embodiments of the disclosed systems and methods may be
implemented in any suitable situations and environments,
and implemented in any suitable systems and configurations,
such as, but not limited to, equipment tags, engine mainte-
nance tags, medical products, and/or any other devices and
systems that may electronically store maintenance records
and/or a history of how an associated item has been handled.
Various embodiments of the disclosed systems and methods
may allow a record associated with an item to be affixed to,
and travel with, the item itself without requiring the use of
a centralized database or network communications to
retrieve the information in such a record.

Smart Bandage System and Apparatus

FIG. 3 illustrates a block diagram representing an exem-
plary smart bandage 300. Note that, while the embodiments
described herein may be referred to for explanatory purposes
as a “bandage,” various embodiments may be take the form
of'a bandage, sticker, tag, label, band (e.g., wrist band, ankle
band, leg band, etc.), or other device, system, or apparatus
that may be configured according to one or more of the
disclosed embodiments. In various embodiments, the smart
bandage 300 may be configured to encapsulate the various
electronic components of the system (e.g., components to






