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APPARATUS FOR PROCESSING
HEALTHCARE DATA AND STORING AND
TRANSMITTING LARGE AMOUNTS OF
DATA VIA A BANDAGE OR STICKER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 16/882,837, filed May 26, 2020, entitled
“APPARATUS FOR PROCESSING HEALTHCARE
DATA AND STORING AND TRANSMITTING LARGE
AMOUNTS OF DATA VIA A BANDAGE OR STICKER,”
which claims priority to U.S. Provisional Patent Application
Ser. No. 62/978,350, filed Feb. 19, 2020, entitled “SYS-
TEMS AND METHODS FOR STRUCTURED AND CON-
FIGURABLE DATA COMPRESSION,” and to U.S. Provi-
sional 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 incor-
porated 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
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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
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-
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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;
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
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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
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-
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cessor; a near-field communications (NFC) processor com-
municatively connected to the microprocessor; an NFC
antenna 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 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
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communications and for transmitting the activation signal to
the computer processing means upon establishing short-
range wireless communications session with the one or more
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
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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
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
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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
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.

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
activation signal from the NFC processor, provide power to
the data storage media and the wireless communications
processor; receive a request for healthcare data from the
wireless communications processor; at least partially in
response to receiving the request for healthcare data from
the wireless communications processor, retrieve requested
healthcare data from the data storage media; and transmit the
requested healthcare data to the wireless communications
processor; and wherein the wireless communications pro-
cessor is configured to: at least partially in response to
receiving power from the microprocessor, establish a wire-
less communications session with a wireless communica-
tions component of a remote computing device using the one
or more wireless communications antennas; receive the
request for the healthcare data from the remote computing
device via the wireless communications session; transmit the
request for the healthcare data to the microprocessor; receive
the requested healthcare data from the microprocessor; and
transmit the requested healthcare data to the remote com-
puting device via the wireless communications session using
the one or more wireless communications 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 remote
computing device comprises one of: (a) a laptop computer;
(b) a desktop computer; or (a) a server computer. In par-
ticular embodiments, the wireless communications proces-
sor configured to transmit the requested healthcare data to






