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METHOD OF REGULATING BODY
TEMPERATURE

BACKGROUND

[0001] The “background” description provided herein is
for the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as
aspects of the description which may not otherwise qualify
as prior art at the time of filing, are neither expressly or
impliedly admitted as prior art against the present invention.
[0002] Thermoregulation in humans includes a tempera-
ture range for a core temperature, where the core comprises
internal organs (including the brain), and a specific tempera-
ture range for a shell, where the shell comprises skin and
extremeties (hands, legs, nose, ears, efc.).

[0003] In humans, the hypothalamus regulates the core
temperature within a narrow range, approximately 36.1° C.
to 37.8° C. (96.98° F. to 100.04° F.). In other words, the
hypothalamus functions as a thermostat preset at 37° C., and
maintains this core temperature range by constantly regu-
lating production and loss of heat.

[0004] Body heat is generated by the catabolism of intra-
cellular proteins, carbohydrates, and fats provided by our
nutrition. The body heat can be further increased by
increased muscle activity, such as during exercise.

[0005] The daily excess heat production is eliminated
along a gradient of temperature between core (37° C.), the
skin (33° C.) and environment if it is less than 33° C. The
heat is transported by the blood to the skin and then
dissipated to the environment. The hypothalamus adjusts the
heat loss by regulating the skin and the core circulation. For
example, if there is excess heat production, the hypothala-
mus closes (vasoconstriction) the core circulation and opens
(vasodilate) the skin circulation, which shifts up to 70% of
our cardiac output away from the core organs (except heart
and brain). It also increases the cardiac output from 5 liters
per min to up to 20 liters per min when exercising in high
ambient temperature.

[0006] Conversely, in a situation with a low environmental
temperature, the skin temperature drops and thermorecep-
tors on the skin send signals to the hypothalamus, which
immediately reacts by insulating the body via closure of the
skin circulation. Our extremities (fingers, nose, ears, etc.)
may become blue and painful. If this action is not sufficient
to maintain the core temperature at 37° C., the hypothalamus
triggers muscle shivering which produces heat.

[0007] Exposure to a hot environment may result in heat-
stroke, which is a life-threatening condition characterized by
a rapid increase in core temperature, multiple organ dys-
function, and tissue injury. It is a leading cause of mortality
and neurological damage when there is an unaccustomed
and sustained increase in climatic temperature, such as
during a heat wave, and/or any prolonged exposure without
proper precautions. Hyperthermia is the primary mechanism
of cell death and tissue injury in heatstroke. The severity of
injury is a function of the degree of hyperthermia and
duration of exposure. An objective in the treatment of
hyperthermia is to decrease body temperature as quickly as
possible to prevent irreversible damage and death. Cooling
techniques can induce severe shivering and skin vasocon-
striction, which can increase heat production and decrease
heat elimination resulting in the opposite of the desired
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cooling effect. Also, the rate of cooling can be unpredictable,
varying from failure to cool to excessive cooling.

SUMMARY

[0008] The foregoing paragraphs have been provided by
way of general introduction, and are not intended to limit the
scope of the following claims. The described embodiments,
together with further advantages, will be best understood by
reference to the following detailed description taken in
conjunction with the accompanying drawings.

[0009] A system for regulating body temperature for a
human can be an artificial hypothalamus. According to one
or more embodiments of the disclosed subject matter, the
artificial hypothalamus can simultaneously monitor skin
temperature, circulation, muscle activity, and the like. The
combined signals can allow the artificial hypothalamus react
more quickly than the patient’s hypothalamus. For example,
the artificial hypothalamus can stop rapid cooling and begin
warming the skin to maintain skin temperature at 32° C. to
33° C., thereby preventing the patient’s thermoreceptors
from sending signals to the patient’s hypothalamus, which
reacts by vasoconstriction and shivering, which stops the
cooling effect and increases heat production (i.e., the oppo-
site of the desired cooling). When the skin is warm, the
artificial hypothalamus can cause cooling to begin again,
thereby creating a warm and cold cycle, which prevents the
patient’s hypothalamus from reacting negatively. Therefore,
cooling can be efficient, predictable, and well tolerated by
the patient (e.g., prevent shivering, discomfort, etc.).
[0010] The system can include monitoring data from a
plurality of sensors. The sensor data can be used in a control
system to optimize temperature regulation in real time
through a feedback loop. The control system can be, but is
not limited to, a Fuzzy Logic-based-system, for example.
The feedback loop can include monitoring the sensor data,
evaluating a predetermined set of fuzzy rules using the data,
and combining the output of the fuzzy rules to produce a
precise value. The precise value can correspond to an output
level for various temperature regulation devices, and a signal
can be transmitted based on the precise value to activate the
temperature regulation devices to a corresponding level of
output.

[0011] The system can maintain optimal cooling by
accounting for the human thermoregulatory response
mechanisms, such that the optimal cooling can prevent
and/or minimize skin vasoconstriction and shivering, while
constantly adjusting for the best gradient of temperature to
eliminate stored heat, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more complete appreciation of the disclosure and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:
[0013] FIG. 1 depicts an exemplary overview of the tem-
perature regulation system.

[0014] FIG. 2 depicts an exemplary overview of the con-
trol system for the temperature regulation system.

[0015] FIG. 3 depicts an exemplary overview of the ther-
mal management system.

[0016] FIG. 4 depicts an exemplary overview of the plu-
rality of sensors.
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[0017] FIG. 5 depicts an exemplary overview of the mem-
bership functions for input variables.

[0018] FIG. 6 depicts an exemplary overview of the Fuzzy
Logic System.
[0019] FIG. 7 depicts an exemplary hardware description

for the control system.

[0020] FIG. 8 is a flowchart depicting an exemplary
method of regulating temperature for a human.

[0021] FIG. 9 is a flowchart depicting an exemplary
method of determining optimal temperature regulation by
identifying an illness.

DETAILED DESCRIPTION

[0022] The description set forth below in connection with
the appended drawings is intended as a description of
various embodiments of the disclosed subject matter and is
not necessarily intended to represent the only embodiment
(s). In certain instances, the description includes specific
details for the purpose of providing an understanding of the
disclosed subject matter. However, it will be apparent to
those skilled in the art that embodiments may be practiced
without these specific details. In some instances, well-
known structures and components may be shown in block
diagram form in order to avoid obscuring the concepts of the
disclosed subject matter.

[0023] Reference throughout the specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, characteristic, operation, or function
described in connection with an embodiment is included in
at least one embodiment of the disclosed subject matter.
Thus, any appearance of the phrases “in one embodiment”
or “in an embodiment” in the specification is not necessarily
referring to the same embodiment. Further, the particular
features, structures, characteristics, operations, or functions
may be combined in any suitable manner in one or more
embodiments. Further, it is intended that embodiments of the
disclosed subject matter can and do cover modifications and
variations of the described embodiments.

[0024] It must be noted that, as used in the specification
and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly
dictates otherwise. That is, unless clearly specified othet-
wise, as used herein the words “a” and “an” and the like
carry the meaning of “one or more.” Additionally, terms
such as “first,” “second,” “third,” etc., merely identify one of
a number of portions, components, points of reference,
operations and/or functions as described herein, and like-
wise do not necessarily limit embodiments of the disclosed
subject matter to any particular configuration or orientation.

[0025] Referring now 1o the drawings, wherein like ref-
erence numerals designate identical or corresponding parts
throughout the several views.

[0026] FIG. 1 depicts an artificial hypothalamus system,
hereby referred to as temperature regulation system 100,
configured to regulate the temperature of a patient as further
described herein. The temperature regulation system 100
can include a plurality of sensors 110, a control system 130,
a thermal management system 140, and a power source 150.
The temperature regulation system 100 can be communica-
bly coupled to a temperature regulation device 120, such that
the temperature regulation system 100 can be integrated into
any temperature regulation device 120.
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[0027] The plurality of sensors 110 can provide various
sensor output to the control system 130, as further described
herein.

[0028] The temperature regulation device 120 can be any
device configured to regulate a temperature of a human, for
example. The temperature regulation device 120 can regu-
late temperature with external water circulation, such as the
Blanketrol I1, external air circulation, such as the Caircooler
CC1000, external water circulation using self-adhesive gel-
coated pads, such as the Arctic Sun, and/or intravascular
heat exchange, such as Icy-catheter, for example. It should
be appreciated that the temperature regulation system 100
can be integrated into any temperature regulation device
120.

[0029] The control system 130 can communicably couple
the plurality of sensors 110, the temperature regulation
device 120, the thermal management system 140, and the
power source 150.

[0030] The thermal management system 140 can activate
various temperature adjustment mechanisms to predeter-
mined levels of output based on signals from the control
system 130, thereby changing the temperature of the human
in order to regulate the temperature of the human, as further
described herein. It should be appreciated that the tempera-
ture adjustment mechanism may be mechanisms previously
incorporated into the temperature regulation device 120, or
may be originally part of the temperature regulation system
100.

[0031] The power source 150 can provide power to the
temperature regulation system 100. Optionally, or addition-
ally, the power source 150 can provide power to the tem-
perature regulation device 120.

[0032] FIG. 2 depicts the control system 130 of the
temperature regulation system 100. The control system 130
can include a control circuit 205 that can be disposed within
the temperature regulation system 100. The control circuit
205 can be configured to receive data and/or to monitor,
record, store, index, process, and/or communicate such data.
The control circuit 205 can include components such as, for
example, a memory, a central processing unit (CPU), Input/
Output (I/O) devices or any other components that can be
used to run an application. The control circuit 205 can be
programmed to execute a set of predetermined instructions.
Such instructions can be stored in the memory. Various
lookup tables, maps, and mathematical equations can also be
stored in the memory. However, one skilled in the art will
appreciate that such information can be stored on or read
from various types of computer-readable media, such as
secondary storage devices, including hard disks, floppy
disks, optical media, CD-ROM, or other forms of RAM or
ROM. Various other known circuits can also be associated
with the control circuit 205, such as power supply circuitry,
signal-conditioning circuitry, solenoid driver circuitry, com-
munication circuitry, and the like. It should be appreciated
that the control circuit 205 can alternatively include multiple
controllers, each dedicated to perform one or more of these
or other functions. Such multiple controllers can be config-
ured to communicate and cooperate with one another.

[0033] The control circuit 205 is communicably coupled
to a plurality of sensors 110 of the control system 130. Each
of the sensors 110 can be configured to provide signals
indicative of parameters related to the current environment
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of the temperature regulation system 100. The sensors 110
can be disposed at various locations in the temperature
regulation system 100.

[0034] The control system 130 is also communicably
coupled to the temperature regulation device 120, the ther-
mal management system 140, and a wireless receiver/trans-
mitter 210.

[0035] The wireless receiver/transmitter 210 can facilitate
communications between the control system 130 and the
temperature regulation system 100.

[0036] The temperature regulation system 100 also
includes a power source 150 configured to provide power to
the various components of the temperature regulation sys-
tem 100 including the control system 130, to the temperature
regulation device 120, the thermal management system 140,
and the wireless receiver/transmitter 210. The power source
150 can be disposed within the temperature regulation
system 100. The power source 150 can include one or more
rechargeable batteries and/or electrical wiring that can con-
nect to an electrical outlet or a generator, for example, as
would be known to one of ordinary skill in the art. In an
exemplary embodiment, the control circuit 205 can be
configured to regulate a power supplied by the power source
150 to the various components of the temperature regulation
system 100. Further, the control circuit 205 can be config-
ured to determine a level of electrical energy stored in the
power source 150.

[0037] FIG. 3 depicts an exemplary overview of the ther-
mal management system 140. The thermal management
system 140 can include a fan 305 and a temperature adjust-
ment mechanism 310. The fan 305 can blow air to change
the temperature of the human. For example, cold water can
be sprayed on the human and the fan can blow hot air to
create evaporation, as would be known to one of ordinary
skill in the art.

[0038] The temperature adjustment mechanism 310 can
change the temperature of the human in order to regulate the
temperature of the human. For example, the temperature
adjustment mechanism 310 can be a cooling blanket, a water
circulation device, an intravascular heat exchange system,
and the like. It should be appreciated that the temperature
adjustment mechanism 310 can be the temperature regula-
tion device 120, such that the temperature regulation device
120 can be part of the thermal management system 140.
[0039] FIG. 4 depicts an exemplary overview of the plu-
rality of sensors 110. The plurality of sensors 110 includes
a core temperature (Tc) sensor 405, a skin temperature (Ts)
sensor 410, a skin blood flow (Sb) sensor 415, a cardiac
output (Co) sensor 420, and a neuromuscular activity output
(No) sensor 425. Fach sensor can be disposed at a prede-
termined location on a human, for example, to monitor
various outputs, such that each sensor can monitor a prede-
termined type of output. For example, the core temperature
sensor 405 can be a thermometer used to measure core
temperature, the skin temperature sensor 410 can be a
thermocouple to measure skin temperature through the ther-
moelectric effect, the skin blood flow sensor 415 can be an
ultrasonic flow meter that measures the velocity of a fluid
using ultrasound, the cardiac output sensor 420 can be an
echocardiogram to calculate cardiac output, and the neuro-
muscular activity output sensor 425 can be an acceleromyo-
graph to measure the force produced by a muscle after it has
undergone nerve stimulation. It should be appreciated that
other sensors may be able to perform the measurements of
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the core and skin temperature, the skin blood flow, the
cardiac output, and the neuromuscular activity output, and
the sensors described herein are not intended to be limiting.
[0040] FIG. 5 depicts an exemplary overview of the mem-
bership functions for input variables. FIG. 5 illustrates a
Gaussian representation of the input variables for core
temperature (Tc) 405 and skin temperature (Ts) 410. Mem-
bership is evaluated on the y-axis from 0 to 1, and the x-axis
corresponds to a range of predetermined temperature values.
It should be appreciated that membership functions for input
variables other than temperature may be represented using
other functions such as Sigmoid, S-shape, Trapezoid, Tri-
angular, or a custom defined function as would be known to
one of ordinary skill in the art. Further, the x-axis can be set
to correspond to any predetermined range of input values.
[0041] The membership functions can be evaluated using
information from a table of linguistic variables correspond-
ing to each input, and a table of exemplary fuzzy rules, as
described herein.

[0042] Table 1 can be a table of linguistic variables
corresponding to each input, the input being a value corre-
sponding to the output of one of the plurality of sensors 110.

TABLE 1
Tc Ts Sb Co No
Extreme  Extreme  Extreme Extreme Extreme
Heat (EH) Heat (EH) High (EH) High (EH) High (EH)
High Heat High Heat Very High Very High Very High
(HH) (HH) (VH) (VH) (VH)
Light Heat Light Heat High (HI) High (HI) High (HI)
(LH; (LH)
Normal Normal Normal (NO)  Normal (NO)  Normal (NO)
(NO)  (NO)
Light Cold Light Cold Low (LO) Low (LO) Low (LO)
10 e
High Cold High Cold Very Low Very Low Very Low
HCO) (HC) (VL) (VL) (VL)
Extreme  Extreme  Extreme Low  Extreme Low  Extreme Low
Cold (EC) Cold (EC) (EL) (EL) (EL)

[0043] It should be appreciated that any abbreviation can
be used as a predetermined identifier and the abbreviations
included herein are not intended to be the only possible
identifiers for any specific values.

[0044] It should further be appreciated that EL/EC is
intended to represent “Extremely Low” or “Extremely
Cold”, respectively, and is illustrated as such simply to
capture grammatical discrepancies as one might not say
cardiac output (Co) is “Extremely Cold”, but would rather
more accurately describe cardiac output as “Extremely
Low”, for example. Therefore, it should be appreciated that
EL/EC can equally represent the corresponding membership
function, and the same can apply to VL/HC, LO/LC, LH/HI,
and VH/HH as seen in Table 1.

[0045] Additionally, Table 2 can be a table of exemplary
fuzzy rules where To refers to output temperature for the
temperature adjustment mechanism 310, and Sp refers to fan
speed for the fan 305. The fuzzy rules can be used to
evaluate the relationship between the linguistic variables,
such that the linguistic variables evaluated in each fuzzy rule
are determined by evaluating the membership functions in
FIG. 5. For example, a predetermined temperature can be
used as an input corresponding to a point on the x-axis. The
predetermined temperature can be used to evaluate a level of
membership (y-axis) for each membership function.
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TABLE 2
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Rule Te Ts Sb Co No

To Sp

1 If EC and EC and VL and VL and VH then
2 If EC and EC and VL or VL or VH  then
NO and LO then

3 If EC and LC And NO and

VH and VH
HI and VH
HI and NO

[0046] It should be appreciated that more fuzzy rules can
be added to create a more robust fuzzy rule set, as would be
known to one of ordinary skill in the art. Rules 1-3 are
intended to be the start of a fuzzy rule set such that the fuzzy
rules can be used to evaluate a broader range of results from
the evaluation of the membership functions.

[0047] It should also be appreciated that there may be
output signals other than output temperature (To) and fan
speed (Sp) used to regulate temperature. For example, cold
water circulation could be a mechanism for temperature
regulation and would have additional parameters including
water temperature and water speed.

[0048] FIG. 6 depicts an exemplary overview of a Fuzzy
Logic System using fuzzy logic rules. The control system
130, via processing circuitry, can utilize the Fuzzy Logic
System to determine optimal cooling, thereby determining
the appropriate output for the thermal management system
140. The fuzzy logic rules depicted in FIG. 6 are Rule 1,
Rule 2, and Rule 3 from Table 2. The Fuzzy Logic System
can map the non-linear input datasets to predetermined
output states. For example, the temperature regulation sys-
tem 100 can act as a regulator to regulate body temperature
according to predefined membership functions. The Fuzzy
Logic System can include initialization, where initialization
can include defining linguistic variables (Table 1), construct-
ing membership functions (FIG. 5), and constructing a rule
base (Table 2). Next, the Fuzzy Logic System can include
fuzzification, where fuzzification can be converting input
data to fuzzy values by evaluating the membership func-
tions. Further, the Fuzzy Logic System can include infer-
ence, where inference can include evaluating the fuzzy rules.
Finally, the Fuzzy Logic System can include defuzzification,
where deffuzification can be converting one or more con-
sequents of the fuzzy rules to non-fuzzy values. The non-
fuzzy values can be precise values corresponding to a
precise power output for the fan 305, for example.

[0049] A Rule 1 antecedent 605 can receive sensor output
from Tc 405, Tc 410, Sb 415, Co 420, and No 425. The Rule
1 antecedent 605 can be evaluated to determine a first Rule
1 consequent 620 and a second Rule 1 consequent 625
following the corresponding Rule 1 from Table 2. Similarly,
a Rule 2 antecedent 610 can receiver sensor output, and the
Rule 2 antecedent 610 can be evaluated to determine a first
Rule 2 consequent 630 and second Rule 2 consequent 635.
Additionally, following the same steps as Rule 1 and Rule 2,
a Rule 3 antecedent 615 can receive sensor output, and the
Rule 3 antecedent 615 can be evaluated to determine a first
Rule 3 consequent 640 and a second Rule 3 consequent 645.
[0050] The first Rule 1 consequent 620, the first Rule 2
consequent 630, and the first Rule 3 consequent 640 can be
combined for defuzzification 650. The deffuzification 650
can be the centroid method, for example, which can deter-
mine a precise output value based on the consequents. For
example, the first Rule 1 consequent 620, the first Rule 2
consequent 630, and the first Rule 3 consequent 640 can

correspond to output temperatures (To) for the temperature
adjustment mechanism 310 of VH, HI, and HI, respectively.
The results, VH, HI, and HI, can be evaluated using the
centroid method, for example, as would be known to one of
ordinary skill in the art, to determine a precise weighted
value for the output temperature (To) for the temperature
adjustment mechanism 310.

[0051] Itshould be appreciated that the deffuzification 650
is not limited to the centroid method. For example, deffuzi-
fication 650 can include a bisector of area method, a middle
of maximum method, a least of maximum method, a first of
maximum method, and the like.

[0052] Similarly, a precise weighted value for the fan
speed (Sp) for the fan 305 can be determined through the
centroid method, for example, using the second Rule 1
consequent 625, the second Rule 2 consequent 635, and the
second Rule 3 consequent 645.

[0053] Next, a hardware description of the control system
130 according to exemplary embodiments is described with
reference to FIG. 7. In FIG. 7, the control system 130
includes a CPU 700 which performs the processes described
herein. The process data and instructions may be stored in
memory 702. These processes and instructions may also be
stored on a storage medium disk 704 such as a hard drive
(HDD) or portable storage medium or may be stored
remotely. Further, the claimed advancements are not limited
by the form of the computer-readable media on which the
instructions of the inventive process are stored. For example,
the instructions may be stored on CDs, DVDs, in FLASH
memory, RAM, ROM, PROM, EPROM, EEPROM, hard
disk or any other information processing device with which
the control system 130 communicates, such as a server or
computer.

[0054] Further, the claimed advancements may be pro-
vided as a utility application, background daemon, or com-
ponent of an operating system, or combination thereof,
executing in conjunction with CPU 700 and an operating
system such as Microsoft Windows 7, UNIX, Solaris,
LINUX, Apple MAC-OS and other systems known to those
skilled in the art.

[0055] The hardware elements in order to achieve the
control system 130 may be realized by various circuitry
elements, known to those skilled in the art. For example,
CPU 700 may be a Xenon or Core processor from Intel of
America or an Opteron processor from AMD of America, or
may be other processor types that would be recognized by
one of ordinary skill in the art. Alternatively, the CPU 700
may be implemented on an FPGA, ASIC, PLD or using
discrete logic circuits, as one of ordinary skill in the art
would recognize. Further, CPU 700 may be implemented as
multiple processors cooperatively working in parallel to
perform the instructions of the inventive processes described
above.

[0056] The control system 130 in FIG. 7 also includes a
network controller 706, such as an Intel Ethernet PRO
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network interface card from Intel Corporation of America,
for interfacing with network 77. As can be appreciated, the
network 77 can be a public network, such as the Internet, or
a private network such as an LAN or WAN network, or any
combination thereof and can also include PSTN or ISDN
sub-networks. The network 77 can also be wired, such as an
Ethernet network, or can be wireless such as a cellular
network including EDGE, 3G and 4G wireless cellular
systems. The wireless network can also be WiFi, Bluetooth,
or any other wireless form of communication that is known.
[0057] The control system 130 further includes a display
controller 708, such as a NVIDIA GeForce GTX or Quadro
graphics adaptor from NVIDIA Corporation of America for
interfacing with display 710, such as a Hewlett Packard
HPL2445w LCD monitor. A general purpose I/O interface
712 interfaces with a keyboard and/or mouse 714 as well as
a touch screen panel 716 on or separate from display 710.
General purpose 1/0 interface also connects to a variety of
peripherals 718 including printers and scanners, such as an
OfficeJet or Desklet from Hewlett Packard.

[0058] A sound controller 720 is also provided in the
control system 130, such as Sound Blaster X-Fi Titanium
from Creative, to interface with speakers/microphone 722
thereby providing sounds and/or music.

[0059] The general purpose storage controller 724 con-
nects the storage medium disk 704 with communication bus
726, which may be an ISA, EISA, VESA, PCI, or similar, for
interconnecting all of the components of the control system
130. A description of the general features and functionality
of the display 710, keyboard and/or mouse 714, as well as
the display controller 708, storage controller 724, network
controller 706, sound controller 720, and general purpose
1/O interface 712 is omitted herein for brevity as these
features are known.

[0060] Next, FIG. 8 illustrates an exemplary algorithmic
flowchart for regulating the temperature of a human in real
time according to one aspect of the present disclosure. The
hardware description herein, exemplified by the structure
example shown in FIG. 7 constitutes or includes specialized
corresponding structure that is programmed or configured to
perform the algorithm shown in FIG. 8. For example, the
algorithm shown in FIG. 8 may be performed by the
circuitry included in the single device shown in FIG. 7, or
the algorithm may be performed in a shared manner distrib-
uted over the circuitry of any plurality of device.

[0061] In S800, it can be determined if the sensor data
from the plurality of sensors 110 is within a predetermined
normal range. For example, the core temperature (Tc) sensor
405 might say 98.6° F., which would be considered a normal
core body temperature. Alternatively, the core temperature
(Te) sensor 405 might say 103° F. which is widely accepted
as not being within a normal range for core body tempera-
ture. The sensor data can be monitored continuously as part
of a feedback loop. If the sensor data from the plurality of
sensors 110 is within a normal range, then the process can
end. However, if the sensor data from the plurality of sensors
110 is not within a normal range, then the sensor data can be
converted to fuzzy values in S805.

[0062] In S805, the sensor data can be converted to fuzzy
values (fuzzification) using the membership functions
depicted in FIG. 5, for example. The precise sensor data can
be converted to fuzzy values by determining the degree of
membership for which the sensor data belongs to each
membership function.
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[0063] 1In S810, the fuzzy values can be evaluated using
predetermined fuzzy rules, such that the fuzzy values are the
antecedent of the fuzzy rules. The consequent of the fuzzy
rules can be determined based on the evaluation of the
antecedent. In other words, it can be determined to what
degree of membership do the fuzzy values belong to all the
conditions in the antecedent.

[0064] In S815, the related consequents from all the fuzzy
rules can be combined, as depicted in the defuzzification 650
in FIG. 6. Each consequent can correspond to a degree of
membership in an output function, as would be known to
one of ordinary skill in the art, such that the combination of
the consequents results in a fuzzy set. The fuzzy set can be
the combination of the restricted membership functions,
such that the restricted membership functions are the mem-
bership functions evaluated to a degree of membership
based on the consequents of the fuzzy rules.

[0065] In S820, the combined consequents can be evalu-
ated using the centroid method to determine a centroid of the
restricted membership functions. The centroid method can
be used to determine a center of mass, as would be known
by one of ordinary skill in the art, to produce a precise
weighted value.

[0066] In S825, the centroid value can be transmitted to
the thermal management system 140. The centroid value can
be used by the thermal management system 140 to activate
the fan 305, for example, to a specific power output that
corresponds to a specific fan speed. After the centroid value
is transmitted to the thermal management system 140, the
process can return to S800 to continue a feedback loop
providing real time temperature regulation for a human until
the sensor data is in a predetermined normal range.

[0067] In one or more embodiments of the disclosed
subject matter, the plurality of sensors 110 can include an
electromyography sensor, a vibration sensor (e.g., acceler-
ometer), and an imaging device 728 as illustrated in FIG. 7.
The electromyography sensor (EMG) can measure the elec-
trical signals of muscle activity, which can detect shivering,
for example. Similarly, the vibration sensor can detect a
mechanical response of the human shivering by detecting
movement of the human. Additionally, the imaging device
728 can detect visible tremors that may be associated with
shivering. The imaging device 728 may be used individually
or in combination with one or more of the electromyography
sensor and the vibration sensor. The electromyography sen-
sor, the vibration sensor, and the imaging device can be used
to identify shivering and send a signal to the control system
130 to adjust the thermal management system 140 accord-
ingly to prevent shivering, skin vasoconstriction, and the
like while continuing to cool the human as quickly as
possible to prevent irreversible damage or death.

[0068] In one or more embodiments of the disclosed
subject matter, the input for the thermal management system
140 can be a predetermined illness (post-cardiac arrest) or
condition (e.g., measles, chicken pox, staph infection, etc.)
enter by a physician, for example. The illness or condition
can correspond to a predetermined cooling profile. Before a
final diagnosis can occur confirming the illness or condition,
the physician can enter a plurality of potential illnesses or
conditions a patient may have, and the control system 130
can combine the predetermined cooling profiles, using the
centroid method, for example, until a final confirmed diag-
nosis can be made by the physician. Therefore, the tempera-



US 2019/0070035 A1

ture regulation system 100 can operate by treating an illness
and/or condition rather than treating one or more symptoms.
[0069] Next, FIG. 9 illustrates an exemplary algorithmic
flowchart for determining a temperature regulation profile
based on a plurality of potential illnesses.

[0070] In S905, it can be determined if there are a plurality
of potential conditions and/or illness as determined by a
physician with respect to a patient, for example. If there is
not a plurality of illnesses, the process can continue to S930
to activate a predetermined temperature regulation profile
associated with that identified condition and/or illness. How-
ever, if a single condition and/or illness of the patient cannot
be identified by the physician, then an input corresponding
to each potential illness can be received in S910.

[0071] In S910, the physician can input each of the plu-
rality of potential illnesses before the physician has time to
determine the final diagnosis. In many cases, it may be
beneficial to begin temperature regulation immediately
before the physician can take the time to fully diagnose the
patient with one condition and/or illness. Therefore, each
condition and/or illness can have an associated temperature
regulation profile. The temperature regulation profile asso-
ciated with a specific condition and/or illness may have been
determined by averaging all the temperature regulation
profiles, as determined in response to the plurality of sensors
110, of patients with the same condition and/or illness. After
each potential illness has been received, the temperature
regulation profiles can be combined in S915.

[0072] In S915, the temperature regulation profiles corre-
sponding to each of the received conditions and/or illnesses
can be combined. An average temperature regulation profile,
wherein the average temperature regulation profile is a
predetermined combination of the temperature regulation
profiles associated with each condition and/or illness, can be
determined via the centroid method, for example.

[0073] In S920, the average temperature regulation profile
can be activated to treat the patient.

[0074] In S925, it can be determined if one identified
illness has been confirmed, or diagnosed, by the physician,
for example. If there has not been a confirmed single
diagnosis, the process can return to S920 to continue admin-
istering the average temperature regulation profile. How-
ever, if a single illness has been identified, or diagnosed, the
predetermined temperature regulation profile corresponding
to the identified illness and/or condition can be activated in
S930. Therefore, the patient can be treated in response to the
condition and/or illness, rather than the symptoms. After the
predetermined temperature regulation profile associated
with the single identified condition and/or illness has been
activated, the process can end.

[0075] An advantage of the temperature regulation system
100 can be to maintain optimal cooling with limited or no
adverse effects, wherein the adverse effects can include
shivering and skin vasoconstriction. Consequences of these
adverse effects can include discomfort, hypertension, and
sympathetic nervous system activation. The temperature
regulation system 100 can eliminate or significantly reduce
the adverse effects, improve blood flow, and therefore
improve temperature regulation efliciency and patient com-
fort through real time temperature regulation.

[0076] More specifically, an advantage is to create an
artificial hypothalamus via system 100. For example, when
the cooling process begins, such as using ice on the skin or
a cooling blanket (via temperature adjustment mechanism
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310, for example), the skin can be cooled rapidly. However,
when skin temperature has decreased below 32° C. t0 33°C,,
thermoreceptors in the patient send signals to the hypothala-
mus, thereby causing vasoconstriction and shivering which
stops the cooling effect and creates a paradoxical response
which maintains high core temperature. The one or more
embodiments disclosed herein, via the artificial hypothala-
mus, can monitor skin temperature, circulation, muscle
activity, and the like to maintain skin temperature at 32° C.
to 33° C. to prevent adverse effects including vasoconstric-
tions and shivering, thereby maintaining efficient, predict-
able, and well tolerated temperature regulation.

[0077] Having now described embodiments of the dis-
closed subject matter, it should be apparent to those skilled
in the art that the foregoing is merely illustrative and not
limiting, having been presented by way of example only.
Thus, although particular configurations have been dis-
cussed herein, other configurations can also be employed.
Numerous modifications and other embodiments (e.g., com-
binations, rearrangements, etc.) are enabled by the present
disclosure and are within the scope of one of ordinary skill
in the art and are contemplated as falling within the scope of
the disclosed subject matter and any equivalents thereto.
Features of the disclosed embodiments can be combined,
rearranged, omitted, etc., within the scope of the invention
to produce additional embodiments. Furthermore, certain
features may sometimes be used to advantage without a
corresponding use of other features. Accordingly, Applicant
(s) intend(s) to embrace all such alternatives, modifications,
equivalents, and variations that are within the spirit and
scope of the disclosed subject matter.

1-9. (canceled)

10: A method of regulating body temperature, comprising:

determining, via processing circuitry, if sensor data from
a plurality of sensors is in a predetermined normal
range;

converting the sensor data to fuzzy values when the
sensor data is not in the predetermined normal range;

combining one or more related consequents of the pre-
determined fuzzy rules;

evaluating the combined consequents to determine a
centroid value using a centroid method,

transmitting the centroid value to a thermal management
system to activate the thermal management system to a
predetermined activation level based on the centroid
value;

wherein the sensor data includes data from a plurality of
sensors including a core temperature sensor, a skin
temperature sensor, a skin blood flow sensor, a cardiac
output sensor, a neuromuscular activity output sensor,
an electromyography sensor, a vibration sensor, and an
imaging device; and

wherein the thermal management system is configured to
apply optimal temperature regulation via one or more
of a fan and a temperature adjustment mechanism.

11. (canceled)

12: The method of claim 10, further comprising;

detecting visible movement associated with shivering via
the imaging device.

13: The method of claim 12, further comprising;

detecting shivering independently via the imaging device,
or in combination with one or more of the electromyo-
graphy sensor and the vibration sensor.
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14: The method of claim 13, further comprising:

monitoring continuously the sensor data from the plurality
of sensors and any indication of shivering from the
imaging device as part of a feedback loop.

15: The method of claim 14, further comprising:

optimizing temperature regulation to prevent shivering
and skin vasoconstriction via the feedback loop.

16: The method of claim 10, further comprising:

determining, via processing circuitry, if a plurality of
predetermined temperature regulation profiles have
been received as input to a control system, wherein
each predetermined temperature regulation profile is
associated with an identified potential illness;

combining the plurality of predetermined temperature
regulation profiles to create an average predetermined
temperature regulation profile when the control system
receives a plurality of predetermined temperature regu-
lation profiles as input;

activating the average predetermined temperature regula-
tion profile;

determining, via processing circuitry, if a single illness
has been identified; and

activating the predetermined temperature regulation pro-
file corresponding to the single identified illness when
the single illness has been identified.

17-20. (canceled)
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