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DEVICE FOR DETERMINING FAT
EXPENDITURE FROM LEVELS OF KETONE
BODIES THAT HAVE PASSED THROUGH
THE SKIN AND METHODS FOR
DETERMINING THE SAME

PRIORITY

[0001] The present application is a continuation-in-part of
U.S. patent application Ser. No. 15/071,994, filed Mar. 16,
2016, which claims the benefit of U.S. Provisional applica-
tion No. 62/135,887, filed Mar. 20, 2015, U.S. Provisional
application No. 62/177,699, filed Mar. 20, 2015, U.S. Pro-
visional application No. 62/192,669, filed Jul. 15, 2015, and
U.S. Provisional application No. 62/218,789, filed Sep. 15,
2015.

FIELD OF INVENTION

[0002] The present application is generally related to
devices suitable for detecting ketone bodies released from
the skin and methods for determining the level of fat
breakdown based on measured levels of ketone bodies.

BACKGROUND OF INVENTION

[0003] Wearable physiological detection sensors are com-
monly used to detect any number of physiologically relevant
data, including but not limited to: heart rate, blood oxygen-
ation, movement, and respiratory rate. These sensor devices
were once most commonly associated with static workout
machines, such as treadmills, stair climbers, bicycles, ellip-
tical, rowing machines, and the like, however, sensing
devices are now ubiquitous in many mobile electronic
devices and wearable devices and are no longer required to
be tethered to a static exercise machine. For example, most
smart phones have a motion or step counter and, many
wearable devices assist individuals with measuring their
movement, heart rate, and other physiological components
during the day and allow individuals to track, store, and
mine physiological data throughout the day, or over weeks,
months or years. Furthermore, these devices allow for
synching of data from one or more sensors and activities,
which allows for a greater evaluation of the physiological
profile of the user with certain applications and software.
[0004] A common feature on static exercise machines is a
program to assist a user with reaching and maintaining a
target heart rate over a pre-determined amount of time. The
target heart rate is often cited as 60% to 75% of maximum
heart rate for a “fat-burning zone” and 75% to 85% of
maximum heart rate in the so called “aerobic” workout zone.
Accordingly, many workout machines, in conjunction with
a heart rate monitor, increase or decrease resistance or
otherwise modify the exercise program to maintain heart
rate within a certain range. Thus, these programs seek to
guide users to a certain heart rate based on the age and/or
weight of the individual to assist with greater fat loss or
aerobic workout, as these “fat burning zones” have not
proven to effectively burn greater amounts of fat in all users
than higher intensity workouts.

[0005] However, the ranges utilized by these programs,
specifically the “fat-burning zone,” do not necessarily cor-
relate with actual fat burning. Instead, these programs pro-
vide users with a program to maintain a particular intensity,
usually at a lower heart rate than maximum, and thus
corresponding to a reduction in caloric expenditure during
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the exercise activity as compared to a program aimed at the
“aerobic” range. Therefore, lower intensity results in lower
caloric burn and thus may not be appropriately aiding the
user in burning more fat or more calories as intended.
[0006] Ultimately, breakdown of fat and expenditure of
calories occur when an individual depletes free energy
sources and requires the use of stored fat for metabolic
processes. Indeed, the body requires food sources as energy
to function. Specifically, certain forms of carbohydrates and
glucose provide for a general fuel in cell metabolism. A
benefit of carbohydrate or glucose based energy sources is
that they are generic, in that they can be metabolized by any
cell. Glucose is a readily available energy source and can be
obtained directly from food ingested and digested by the
body. Furthermore, glucose can be generated by breaking
down other carbohydrates within the body when fuel is
needed. As the human body cannot constantly process and
digest food from the stomach and intestines, it is imperative
that some sources of energy can be stored to provide energy
for necessary metabolic function.

[0007] The body stores certain reserves of energy, such as
glycogen and as fat, to maintain sufficient energy reserves
for metabolic function. In humans, glycogen is made and
stored primarily in the cells of the liver and the muscles,
where it is hydrated with three or four parts water. Fats are
held in adipose tissue, and ultimately make up the primary
storage of energy in the body. Both types of stored energy
can be broken down by the body and utilized when the body
needs fuel for metabolism.

[0008] In the mammalian body, when glycogen reserves
are depleted, glucose can be obtained from the breakdown of
fatty acids in the liver by the process of beta oxidation to
produce ketone bodies for fuel. During fasting, strenuous
exercise, or in persons with low glucose levels, fatty acids
therefore can be used as a direct source of energy. The
byproduct of fatty acids being utilized for energy are ketone
bodies. Ketone bodies consist of molecules of acetone,
acetoacetic acid and beta-hydroxybutyric acid. The human
body can use two of these, acetoacetic acid and beta-
hydroxybutyric acid directly, but cannot directly use acetone
as a source of energy. Acetone is only partially metabolized
in the body, for example by CYP2EIL, but it is often
eliminated from the body via sweat or urine. Therefore,
Acetone is recognized as a byproduct of fat breakdown in
the body.

SUMMARY OF INVENTION

[0009] The present invention is a wearable device suitable
for positioning on the skin of a user, comprising an encase-
ment having a first and second opening, a first semiperme-
able membrane adjacent to a first opening and a second
semipermeable membrane adjacent to a second opening,
wherein said first and second semipermeable membranes are
permeable to the passage of ketone bodies but not of liquid
water; wherein the device further comprises a ketone sensor
comprising Indium Nitride and nanoparticles of platinum
coating the sensor; and a microprocessor; wherein ketone
vapors flow through the first semipermeable membrane
through a first opening and contact the sensor, before exiting
through the second opening and out the second semiperme-
able membrane.

[0010] A further embodiment using an optical type of
ketone sensor whereby the sensor is positioned in such a way
that the sensor has direct contact with the skin or is enclosed
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within a void FIG. 12 at the base of the encasement with
flow through ventilation being provided as part of the device
in order to facilitate the fresh sampling of ketone bodies. The
sampled vapor will flow outward through ventilation open-
ings in the encasement or through micro-channels on the
surface of the sensor.

[0011] A further embodiment is directed to a device com-
prising an encasement having a plurality of openings adja-
cent to a void, and positioned within said void is a ketone
body sensor comprising an Indium Nitride semiconductor
with a coating of Platinum Nanoparticles, a semipermeable
membrane, and comprising openings near the sensor allow-
ing for dissipation of ketone bodies; wherein the semi-
permeable membrane is permeable to ketone vapors,
wherein said ketone vapors pass through the openings and
into the void, wherein the vapors can contact the sensor;
where after the vapors pass out of the void through a second
opening and through a second semipermeable membrane
and out of the device.

[0012] Another embodiment is directed to a sensing
device comprising: a first and second opening; a first semi-
permeable membrane comprising first surface and a second
surface and a second semipermeable membrane comprising
a third and fourth surface; a ketone body sensor; and a void,
wherein said first opening is juxtaposed to said first surface
and said second opening is juxtaposed to said third surface;
where a space between said first and second openings is said
void and wherein said ketone body sensor is positioned
within the void; wherein gasses may permeate through said
first opening and into said void to contact said sensor and
exit said void through said second opening.

[0013] In another embodiment a device for measuring
acetone gasses released from the skin of a mammal is
provided having an encasement comprising a plurality of
openings on a bottom face, and a plurality of openings on
adjacent faces, a first and second semipermeable membrane,
a void, and a ketone sensor; wherein said first semiperme-
able membrane is positioned juxtaposed to said bottom face
and wherein said second semipermeable membrane is jux-
taposed to said openings on adjacent faces; wherein,
between said first and second semipermeable membranes is
defined the void and positioned within said void is said
ketone sensor.

[0014] A method of measuring ketone bodies crossing the
skin of a mammal is also provided by performing the steps
of attaching a device to the skin of a mammal, wherein said
device comprises; an encasement comprising a plurality of
openings on a bottom face, and a plurality of openings on
adjacent faces, a first and second semipermeable membrane,
a void, and a ketone sensor; and wherein said first semipet-
meable membrane is positioned juxtaposed to said bottom
face and wherein said second semipermeable membrane is
juxtaposed to said openings on adjacent faces; wherein,
between said first and second semipermeable membranes is
defined the void and positioned within said void is said
ketone sensor; detecting acetone gasses being released from
the skin of said mammal with said sensor; determining the
amount of acetone being released from the skin of said
mammal; and displaying the measured amount of ketone
bodies crossing the skin on a display on said device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 depicts a cross-section and a detail view of
the interface at the point of the semi-permeable membrane,
which provides for acetone to pass through, but repels water.

[0016] FIGS. 2A and 2B depict the top and bottom of a
wrist sensor.
[0017] FIGS. 3A and 3B depict the left and right side

profile of a wrist sensor.

[0018] FIGS. 4A-4C depict a cutout view of a wrist sensor
from the top and bottom profile, and a perspective view of
the component for wrist strap attachment.

[0019] FIG. 5 depicts the internal view of a chest strap and
depicting three sensors connected to a centralized micro-
processor.

[0020] FIGS. 6A and 6B depict a cross-section view of a
chest sensor and a top frontal view of a chest sensor.
[0021] FIGS. 7A and 7B depict the skin facing side of a
chest sensor, which depicts the sensors situated within
channels and a cross-section view of an embodiment of the
device.

[0022] FIG. 8 depicts a side profile image of a chest
Sensor.

[0023] FIG. 9 depicts the opposing side view from FIG. 8.
[0024] FIG. 10 depicts a skin facing side of a chest sensor

embodiment and attached strap assembly.

[0025] FIG. 11 depicts a top view of a chest sensor and
strap assembly.
[0026] FIG. 12 depicts a three layer sensor pad encase-

ment according to another embodiment of the invention.
[0027] FIG. 13 depicts a wrist strap assembly according to
another embodiment of the invention.

[0028] FIG. 14-1 shows a cross sectional view of a bottom
semi-permeable membrane layer of a sensor pad.

[0029] FIG. 14-2 shows a surface view of the bottom
semi-permeable membrane layer of a sensor pad.

[0030] FIG. 15-1 shows a cross sectional view of the
bottom semi-permeable membrane layer of a sensor pad
according to one embodiment of the invention.

[0031] FIG. 15-2 shows a surface view of the bottom
semi-permeable membrane layer of a sensor pad according
to one embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] A wearable acetone detection device as described
in the embodiments herein is particularly directed to mea-
suring acetone, a ketone body, through the expiration of
ketone bodies, i.e. molecules of acetone, acetoacetic acid
and beta-hydroxybutyric acid, as vapors from skin. In its
most general form, the device comprises a casing having a
plurality of openings in a portion of the exterior wall
between the outside and a void inside said exterior wall, and
comprising a semi-permeable membrane positioned adja-
cent to said openings so as to selectively prevent the passage
of liquid materials through the openings. The device is worn
against the skin of an individual, and as water vapors, ketone
body vapors, and liquids, including sweat, water, salts, etc.
are in contact with the semi-permeable membrane, acetone
will permeate, by diffusion, through the semi-permeable
membrane, while water will be prohibited from entry. The
acetone vapors, travel through the semi-permeable mem-
brane and through the openings in the casing to a void within
the casing. Within the void is positioned at least one sensor,
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which, in combination with a microprocessor, measures the
amount of acetone present, and then the acetone passes
through a second opening in the casing and back through a
second semi-permeable membrane and away from the
device. The at least one sensor is connected to a micropro-
cessor and can then display any number of calculations from
the sensor on the display on the exterior side of the casing.
[0033] In preferred embodiments, the sensor will be in
direct contact with the skin or within a void whereby an
optical sensor is utilized using either micro-channels on the
surface of the sensor or be positioned in such a way as to
facilitate flow through ventilation thus facilitating fresh
sampling of vapor.

[0034] In certain embodiments, the level of acetone can
also be transmitted from the wearable device to a second
device, either through a wired connection or preferably
through one of several wireless data transfer as known to one
of ordinary skill in the art, including Wi-Fi, short wave
radio, Bluetooth among some non-limiting examples. By
use of a microprocessor, the device can suitably make any
number of calculations related to the level of acetone
measured by the sensors. This may be a raw measurement of
acetone in parts per million, the fat burned per unit of time,
the fat burned during a workout, etc. It may also be suitable
to include additional sensors on the wearable device, includ-
ing a heart rate monitor, respiratory monitor, temperature
sensor, step counter, and the like. The microprocessor can
utilize each of the measured components to provide for a
comprehensive view of the physical activity and the calories
and the fat burned. Furthermore, the measured physiological
data can be exported to additional devices for greater data
mining and calculations for the user.

[0035] The wearable device comprises a suitable recharge-
able battery within the encasement, which can be appropri-
ately charged by an electrical source. Other sources of
energy, such as suitable automatic movements known to one
of skill in the art are also suitable in certain preferred
embodiments, such as those used in the watch industry, or
use of solar or other energy sources.

[0036] In preferred embodiments, the wearable acetone
detection device is worn against the skin of a user, for
example on the arm, leg, or chest of the person. Appropriate
length straps are connected to the device based on the
location to be worn. The device is worn against the skin,
with the skin facing side of the device comprising a plurality
of openings in the encasement. Adjacent to the plurality of
openings is a semi-permeable membrane, wherein the
vapors from the skin pass through the semi-permeable
membrane and through the openings in the encasement, but
liquids do not pass through.

[0037] In certain preferred embodiments, the wearable
device comprises at least one platinum coated Indium
Nitride (InN) sensor positioned within a void in the encase-
ment, wherein acetone molecules flow past the sensor via
diffusion from the skin, through a semi-permeable mem-
brane, through an opening in the encasement of the wearable
device, where the acetone contacts the sensor, before its
removal from the void and out through a second opening and
through a second semi-permeable membrane.

[0038] A particular embodiment is depicted by FIG. 1,
which provides for a detail of a cross-section view of a
wearable acetone sensing device. The circled (magnified)
portion of the figure provides for a visual of the boundary
between the encasement and the semi-permeable membrane
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80. Indeed, the semi-permeable membrane 80 has a first
surface and a second surface, with the distance between,
being the thickness of the membrane. The first surface is
open to the air, wherein the second surface is in direct
contact with the first surface of the encasement. The semi-
permeable membrane is permeable to gasses, such as
acetone, but does not allow for entry of a liquid such as
water. Suitable membranes include polymers of polytetra-
fluoroethylene. However, other suitable materials include a
variety of polymers of silanized aluminia, and other mate-
rials and polymers that prevent passage of liquid water, but
allow for the passage of gasses, such as the acetone being
measured by the sensing device.

[0039] The encasement has a first surface that is either in
contact with the semi-permeable membrane 80, or is in
contact with the air, and a second surface that is open to an
internal void 83. The distance between the two encasements
surfaces is the thickness of the encasement. The encasement
preferably is about 0.1 to about 2 mm in thickness and is
made of a suitable plastic, polymer, or metallic material. In
certain embodiments, the encasement may comprise a first
material that is adjacent to the membrane, and a second
material that is not in contact with the membrane. In certain
embodiments a metallic microlattice is suitably used for its
ability to transfer and dissipate heat away from the sensors
disposed of within the encasement.

[0040] The semi-permeable membrane 80 will only be
present in areas where the encasement 76 contains openings
75 between the first and second surface of the encasement.
For example, FIG. 3A depicts portions with “dotted” areas
and non-dotted areas. The dotted areas represent the semi-
permeable membrane. These encasement openings 75, are
depicted as having a square shape in FIG. 1, however, the
shape of the openings is not material to the invention. The
openings 75 are of suitable size to allow for the passage of
ketone vapors without being too small to be restrictive to
such vapors or too large to provide for weakness of the
material. Suitable opening sizes are between 0.001 and 2
mm in any dimension, for example a 0.001-2 mm diameter
circle, or a square having lengths of about 1 mm. These
openings 75 between the first and second surface of the
encasement, therefore allow for the passage of the vapors
into the void 83.

[0041] Within the void 83 is positioned one or more
acetone sensors 30. The sensor is positioned such that the
ketone vapors that flow through the skin facing surface
contact the sensor 30 and then diffuse out of the void through
further openings 75 in the encasement 76.

[0042] Within the encasement, a microprocessor 40 is
further positioned to process and collect data from the
sensor, and to provide content to a display. A battery 85 is
further provided to power each of the components, including
the sensors, the microprocessor and the display.

[0043] FIGS. 2A and 2B depict an embodiment of the top
of the encasement of an acetone detection device having a
generally rectangular shape and beveled edges. FIG. 2A
depicts a view from top down, showing a display 1, the top
panel 4, and a left edge 2 and a right edge 3. The display 1
may be any ordinary screen that provides the ability to
display numbers and/or images. Examples of such displays
may include LCDs used in common television and display
devices. Other suitable displays include OLED, TFT, and
other similar display features as known to one of ordinary
skill in the art.
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[0044] FIG. 2B depicts a bottom view of an acetone
detection device. The bottom side shows two flat surfaces 5
having a semi-permeable barrier. The semi-permeable bar-
rier is represented by the dotted portions. As depicted, the
dotted portions of features 5, 6, 7, 8, and 9, is a represen-
tation of a semi-permeable membrane made of polytetra-
fluoroethylene. The polytetrafluoroethylene allows for pas-
sage of acetone bodies, but prevents the passage of water,
among other liquids and gasses. This allows for the semi-
permeable membrane to selectively allow passage of the
acetone to reach a sensor 30 within the detection device.

[0045] A particular feature of FIG. 2B is the existence of
a channel 10 positioned running vertically from top to
bottom in a central position. FIGS. 4A and 4B further show
that this channel is recessed, and having angular beveled
portions between the sides of the channel 10 and the bottom
face of the flat surface 5. These left angled bevel 8 and right
angled bevel 9, are positioned to allow for acetone to exit the
device, and then pass through the channel away from the
skin.

[0046] Gasses and flow of ketone vapors are intended to
pass from the skin through the semipermeable membrane
flat surface 5 through the openings 75 in the encasement, and
into the void 83. Entry into the void 83 then allows for the
vapors to contact with a sensor 30. After contact with a
sensor 30, the vapors diffuse away from the sensor 30 and
through a further opening in the encasement and out of the
device through the surfaces, e.g. 6, 7, 8, and 9. For the
surfaces 8 and 9, the central channel 10 then assists in
evacuating the gasses from device and away from the skin.

[0047] In certain preferred embodiments, the device may
further utilize a small fan device positioned to pull vapors
into the void, and to expel them from the side surfaces 6, 7,
8, and 9, as well as those the side faces 13 and 17.

[0048] FIGS. 3A and 3B depict the left and right side
profiles of the embodiment of FIGS. 2A and 2B. The left
side, would be adjacent to the side bevel 2, as is shown in
FIG. 3A. Then a flat side face 13 is provided, and having
bevels 11 and 14 on the side, and bottom bevel 12 opposing
the side bevel 2. FIG. 3B depicts the mirror image of the left
side, with a side face 17, being adjacent to the side bevel 3,
and further including beveled sides 15 and 18, and bottom
bevel 16. All the semipermeable surfaces depicted in 3A and
3B assist with expelling gasses from the device. As is
depicted, the semipermeable membrane does not cover the
entirety of the encasement. Indeed, in FIG. 3A, only about
one-half of the faces 11, 13, and 14 are covered with the
semipermeable membrane.

[0049] FIGS. 4A and 4C depict an end view from the top
and bottom sides. In particular, depicted on 4A and 4C are
the strap slots 20, which allow the device to be attached to
a band for securing around an arm, leg, or chest. FIG. 4C
depicts a perspective view of the strap slot, showing that a
pin 72 is secured within an opening, to allow for a band to
be secured around the pin 72. This pin 72 may be permanent,
or use a removable pin 72, such as a watch pin. Depicted on
FIG. 4C, is a charging port 73. A suitable charging port 73
is one of any known micro charging ports like a micro USB,
as a non-limiting example of a charging port known to one
of ordinary skill in the art. This charging port can also be
utilized to download data stored within memory within the
device. However, data can also be transmitted to external
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devices wirelessly, and in such cases, the microprocessor
must also include an appropriate attached wireless transmit-
ter.

[0050] Therefore, a suitable receiver may be advanta-
geously utilized with the device. The receiver can receive
data from the device via a tethered connection or wirelessly
transmitted by means known to one of ordinary skill in the
art. The receiver can further use a microprocessor to display
data, and convert data from the sensors into an output for
display on the device or on the receiver, or on a further
display device. However, preferred embodiments utilize a
display on the device itself, and an embedded microproces-
sor in the device to receive data from sensors, perform
appropriate calculations and to display information regard-
ing the data on the device itself.

[0051] FIG. 5 depicts and embodiment utilizing a middle
plate 90. The middle plate 90 provides one embodiment for
attaching the sensors 30A, 30B, and 30C within the void 83.
These sensors are then electronically interfaced with a
microprocessor 40 such as by way of a wire 74 or other
technique. In a preferred embodiment, the sensors 30A, 30B,
and 30C are platinum coated Indium Nitride (InN) sensors
for detecting acetone. The sensors utilizes platinum nano-
particles, which have known catalytic properties facilitating
an improved sensor response. However, other suitable sen-
sors may be utilized in certain embodiments as known to one
of ordinary skill in the art. For example, one or more of
elements 30A, 30B or 30C may be a sensor other than a
ketone sensor, such as a heart rate monitor, a respiratory
monitor, blood pressure, movement/step counter, or other
known sensors. However, at least one sensor is an acetone
sensor. Certain sensors may be able to perform multiple
tasks. Furthermore, certain sensors may require a contact
point with the skin for measurements, and the panels, e.g. on
FIG. 7A may include one or more contact points as required
for functionality of an encased sensor.

[0052] Stacked on top of the middle plate 90, is the top
plate depicted in FIG. 6B. The top plate, includes the display
opening 46, a top bevel 42, a bottom bevel 44, a top panel
41, and side bevels 45 and 43. A suitable display is posi-
tioned within the display opening for visualization of the
data collected by the included sensors.

[0053] FIG. 6A provides a cross-sectional view of the top
plate and shows that the bottom panel 61 and the bottom
bevels 63 then connect to the middle plate 90, containing the
sensors and the microprocessor. Adjacent to the middle plate
90 is a void 83. In certain embodiments the void 83 may be
open to the semi-permeable membrane. In other embodi-
ments, the middle plate 90 can assist with sealing off the
void to allow for the sensor to be within the void, but the
remaining components of the device secured between the
middle plate 90 and the top portion of the device (e.g. FIG.
6B). Therefore, the middle plate 90 need not seal off the void
in certain embodiments, but in other embodiments, the
middle plate 90 can assist in creating the void space.

[0054] FIG. 7A depicts a bottom view of an embodiment
of an acetone sensor, wherein there are four different bottom
panels, 61, 62, 65, and 66. Each of the bottom panels is
covered with a semi-permeable material, and is intended for
contact with the skin. The sensors, 30 are shown positioned
in channels 67, 68, and 69, for purposes of their location
within the device. FIG. 7B, like FIG. 6A, shows a cross-
section of an embodiment of the device.
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[0055] FIG. 8 depicts a side profile view of a chest strap
embodiment. The straps 70 are attached to the body portion
of the device, and the skin contacting plates, would be
positioned on the top view. The straps may be elastic or
inelastic material that can be appropriately secured around a
body or appendage so as to enable the device to be in contact
with a skin surface. The beveled plates, e.g. 63 are viewable
from the side profile. Feature 49 is also depicted, which is
the bottom of the top plate, and creates a central section 80
where the battery, circuitry, microprocessor, memotry, and
the like may be advantageously stored. FIG. 9 depicts the
opposing view. FIG. 10 depicts a bottom plan view, with the
skin facing side up and FIG. 11 depicts a top plan view of
a chest strap embodiment, with the non-skin side facing up.
[0056] In certain embodiments, the semi-permeable mem-
brane is positioned between the inner surface of the encase-
ment and the void. Thus, in certain embodiments, the
openings in the encasement are in contact with the skin,
wherein the vapors pass into these openings and then enter
the void by passage through the semi-permeable membrane.
In certain embodiments, the semi-permeable menbrane may
comprise a single layer membrane. In other preferred
embodiments, the semi-permeable membrane is made up of
two or more layers, wherein the layers are in direct contact
with one another, such that a first surface of one layer is in
direct contact with a first surface of another layer.

[0057] In other preferred embodiments, a semi-permeable
membrane is positioned on each side of the encasement,
such that a first membrane is positioned outside the encase-
ment and is intended to contact the skin, and a second
semi-permeable membrane is positioned with a first surface
in contact with the internal face of the encasement, and a
second surface open to the void. This provides for a mem-
brane void with the space of the openings in the encasement.
[0058] The device is intended for continuous use for
measuring ketone bodies on the skin surface of a mammal.
Therefore, in preferred embodiments, the mammal includes
rodents, cats, dogs, swine, bovine, equine, caprinae, and
primates. For example, the device may be advantageously
used to determine the rate of fat burn in a model species, or
used as a work-out of data device for humans. Other suitable
uses may be for detecting ketone bodies exiting the skin of
a mammal, for optimizing fat burn in a mammal among
other non-limiting examples of the intended use of the
device.

[0059] Accordingly, the disclosure contemplates preferred
methods for determining the amount of ketone bodies cross-
ing the skin of a mammal. Ketone bodies produced within a
mammalian body produce acetone which is expressed and
evacuated, in part, through the skin. The described devices
herein, comprises a device having openings in the base of
the device which is in juxtaposition to the mammal’s skin,
wherein acetone vapor passes through a semipermeable
membrane on the device and permits vapors to pass through
the semipermeable membrane but not water. Within the
device, a sensor detects acetone and an attached micropro-
cessor coverts the signal generated from the sensor and
coverts this signal to a display.

[0060] Further methods comprise determining the rate of
fat being processed in a mammal comprising; applying a
device to the skin of said mammal, wherein said device
comprises an acetone sensor capable of detecting acetone
vapors being expelled from the skin of said mammal,
measuring the acetone from said mammals skin; calculating
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the rate of fat being processed in said mammal based on the
measurement of acetone from said sensor.

[0061] A further method is directed to optimizing the rate
of fat burn during an exercise activity in a mammal com-
prising applying a device to the skin of said mammal,
wherein said device comprises a sensor positioned between
a first and second semipermeable membrane; measuring the
amount of acetone contacting said sensor over a rate of time;
modifying said exercise program to increase or decrease
activity to increase the rate of fat burn.

[0062] A further method is directed to measuring acetone
concentrations from the skin of a human comprising mea-
suring acetone with a platinum coated Indium Nitride (InN)
sensor juxtaposed between a first and second semi-perme-
able membrane.

[0063] FIG. 12 depicts a three layer sensor pad encase-
ment 100 according to another embodiment of the invention.
The encasement 100 includes three semi-permeable mem-
branes: a top layer 105, a middle layer 110, and a bottom
layer 115. All three layers include materials that provide for
the penetration of ketone vapors. As shown, the top layer
105 is disposed in a distal direction to the wearer’s skin, the
middle layer 110 is disposed between the top layer 105 and
the bottom layer 115, and the bottom layer 115 is disposed
in a proximal direction to the skin.

[0064] The top layer 105 has a first surface or a “distal to
skin surface” and a second surface or “proximal to skin
surface”. Between these surfaces, the top layer 105 includes
opening or holes 106 that create voids allowing the ketone
vapor to penetrate through. The holes 106 of the top layer
105 have diameters smaller than 0.25 inches. In one embodi-
ment, the holes 106 have diameters smaller than 0.15 inches.
In another embodiment, the holes 106 have diameters
smaller than 0.5 inches.

[0065] The middle layer 110 has a first surface or “distal
to skin surface” and a second surface or “proximal to skin
surface”. The distal to skin surface of the middle layer 110
is adjacent to the proximal to skin surface of the top layer
105. The proximal to skin surface of the middle layer 110 is
adjacent to the distal to skin surface of the bottom layer 115.

[0066] The middle layer 110 includes grooves 111 that
allow ketone vapor to penetrate through. In one embodi-
ment, the grooves 111 can be in semicircle shape as shown
in FIG. 12. The grooves 111 provide even distribution of the
ketone vapor and facilitate the dissipation thereof.

[0067] The bottom layer 115 has a first surface or a “distal
to skin surface” and a second surface or a “proximal to skin
surface”. When the encasement 100 is in use, the proximal
to skin surface of the bottom layer 115 is in contact with the
wearer’s skin. The bottom layer 115 includes at least two
sets of openings or holes creating voids with different
diameters. In one embodiment, the bottom layer 115
includes holes 116 with diameters smaller than 0.25 inches.
In one preferred embodiment, holes 116 have diameters
smaller than 0.15 inches. In another embodiment, the bottom
layer 115 includes holes 117 with diameters larger than Y4
inches. In one preferred embodiment, holes 117 have diam-
eters larger than ¥is inches.

[0068] In one embodiment, the shape of the openings of
the bottom layer 115 is round as shown in FIG. 12, but
square, rectangle or other shapes can be easily envisioned.
[0069] The ketone body sensor may be disposed in the
bottom layer 115, and may or may not be in direct contact
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with the wearer’s skin, provided that the emitted ketone
vapor can be sensed by the sensor.

[0070] In one embodiment, the ketone body sensor can be
an optical sensor. When the ketone body flows across the
optical sensor, the optical sensor can sense the ketone body
concentration in the vapor diffused through the voids. Such
optical sensor may not have direct contact with the skin. In
other embodiments, the ketone body sensor can be graphene
based or indium nitride based chemical sensors. The optical
sensor may include a light emitter and a light detector. The
light emitter may emit a light with a specific wavelength
absorbable by the ketone body in the vapor. For example, in
one embodiment, the light emitter may emit light with
wavelength of 260-280 nm to optimize the detection of
acetone, because acetone has an UV/VIS absorption peak for
lights with wavelength of 260-280 nm. The light detector
may detect the variation of the light intensity as the ketone
vapor containing acetone passes through the light path. The
detected variation of the light intensity indicates the ketone
or acetone concentration in the vapor.

[0071] In preferred embodiments, the optical sensor will
be in direct contact with the skin or within a void whereby
an optical sensor is utilized using either micro-channels on
the surface of the sensor or be positioned in such a way as
to facilitate flow through ventilation thus facilitating fresh
sampling of vapor.

[0072] In one embodiment, the bottom layer 115 is
replaceable. In some situation, the ketone body sensor may
decay over time, making the sensitivity of the sensors low
and rendering the device out of its working range. The
bottom layer 115 being replaceable makes it easy for the user
to replace the decayed sensors with fresh sensors. In one
embodiment, the bottom layer 115, the middle layer 110,
and/or the top layer 105 may include piezo fans that facili-
tate the air circulation. In other embodiment, the bottom
layer 115 is not replaceable or detachable from a sensor pad
135, i.e., the sensor pad 135 is a one piece encasement.

[0073] FIG. 13 depicts a top view and a bottom view of a
wrist strap assembly 130 according to one embodiment of
the invention. The wrist strap assembly 130 includes a
sensor pad 135 and a data pad 140. The sensor pad 135 may
be the encasement 100 shown in FIG. 12.

[0074] The data pad 140 is electrically connected with the
sensor pad 135. As shown in FIG. 13, the data pad 140 can
be electrically connected with the sensor pad 135 through
conducting material embedded in flexible bands 136 and
137. The flexible bands 136 and 137 may include conducting
wires that provide electrical power and/or communicate data
between the sensor pad 135 and the data pad 140. In one
embodiment, only the flexible band 136 has the conducting
wire but not the flexible band 137, or vice versa.

[0075] In one embodiment, when in use, the sensor pad
135 and the data pad 140 are disposed on the opposite sides
of the wrist such that the sensor pad 135 is disposed at the
inside of the wrist and the data pad 140 is disposed at the
back of the wrist. In another example, the sensor pad 135 is
disposed at the back of the wrist and the data pad 140 is
disposed at the inside of the wrist.

[0076] In yet another embodiment, the data pad 140 and
the sensor pad 135 can be integrated into a single encase-
ment or housing including both the data pad 140 and sensor
pad 135, and can be disposed at either the back or the inside
of the wrist.
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[0077] 1In one embodiment, the sensor pad 135 includes
three semi-permeable membrane layers: a top layer 105, a
middle layer 110, and a bottom layer 115. In another
embodiment, the sensor pad 135 may include only two
layers: a top layer 105 and a bottom layer 115. In yet, another
embodiment, the sensor pad may include only one layer,
e.g., the bottom layer 115.

[0078] The top view of the wrist strap assembly 130 shows
the distal to skin surface of the top layer 105. The top view
of the wrist strap assembly 130 also shows a top surface 144
of the data pad 140. The top surface 144 of the data pad 140
may include a digital display screen.

[0079] The data pad 140 includes one or more micropro-
cessors and machine readable memories. Software instruc-
tions including graphical user interfaces and data acquisition
programs can be executed by the microprocessor of the data
pad 140 and shown on display screen. The data pad 140 may
further include wireless communication functionality. In one
embodiment, the sensor pad 135 and the data pad 140 may
communicate wirelessly, e.g, bluetooth, wifi, 3G/4G/5G cell
phone communication, or the like.

[0080] The bottom view of the wrist strap assembly 130
shows the proximal to skin surface of the bottom layer 115.
The bottom view of the wrist strap assembly 130 also shows
a bottom surface 145 of the data pad 140. In one embodi-
ment, the bottom surface 145 of the data pad 140 may
include a battery that provides power to the data pad 140
and/or the sensor pad 135.

[0081] The wrist strap assembly 130 includes a flexible
band 141 which secures the assembly 130 on the wrist by
wrapping around the wrist. The flexible band 141 includes
security means 142 that can securely attach to the security
means 143 disposed on the sensor pad 135. In one embodi-
ment, the security means 142 and 143 can be magnets,
snap-on mechanisms, hook-and-loop fastener, or the like.
[0082] FIG. 14-1 shows a cross sectional view 220 of a
bottom semi-permeable membrane layer 115 of a sensor pad
135 according to one embodiment of the invention. The
bottom layer 115 has a distal to skin surface and a proximal
to skin surface. When in use, the proximal to skin surface of
the bottom layer 115 is in contact with the skin of a user that
produces ketone vapor.

[0083] The bottom layer 115 further includes a frame 118
surrounding the distal to skin surface or the entire circum-
ference of the bottom layer 115. The frame 118 may attach
to and seal with a middle layer 110 or a top layer 105. The
frame 118 defines the perimeter of the bottom layer 115. The
frame 118 may include an o-ring to seal off ambient mois-
ture.

[0084] FIG. 14-2 shows a proximal to skin surface view
240 of a bottom semi-permeable membrane layer 115 of a
sensor pad 135 according to one embodiment of the inven-
tion. The bottom layer 115 includes at least two sets of holes
with different diameters. In one embodiment, the bottom
layer 115 includes holes 116 with diameters smaller than
0.25 inches. In one preferred embodiment, holes 116 have
diameters smaller than 0.15 inches. In another embodiment,
the bottom layer 115 includes holes 117 with diameters
larger than Y4 inches. In one preferred embodiment, holes
117 have diameters larger than ¥1s inches.

[0085] FIG. 15-1 shows a distal to skin surface view 260
of a bottom semi-permeable membrane layer 115 of a sensor
pad 135 according to one embodiment of the invention. The
distal to skin surface of the bottom layer 115 includes sensor
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connections 264. The sensor connections 264 electrically
connects the sensors 268 to the data pad 140.

[0086] The bottom layer 115 further includes the frame
118. The frame 118 includes the o-ring 262 that seals the
contact between the bottom layer 115 and the middle layer
110 or the top layer 105. The o-ring 262 seals off the ambient
moisture.

[0087] FIG. 15-2 shows a cross sectional view 280 of a
bottom semi-permeable membrane layer 115 of a sensor pad
135 according to one embodiment of the invention. As
shown, the bottom layer 115 includes perforation voids
allowing vapor to flow in and out of the bottom layer 115.
In FIG. 15-2, the vapor enters the bottom layer 115 from the
proximal to skin surface, as indicated by the arrows 282. The
vapor exits from the edges of the bottom layer 115, as
indicated by the arrows 284. The edges where the ketone
vapor exits are generally perpendicular to the proximal to
both surfaces (i.e., proximal and distal to skin surfaces) of
the bottom layer 115.

[0088] In one embodiment, the bottom layer 115, the
middle layer 110, and/or the top layer 105 may include piezo
fans that facilitate the flow of the air. The bottom layer 115
includes a void. The vapor enters the bottom layer in a first
direction 282. The vapors exits the bottom layer in a second
direction 284. The first direction 282 and the second direc-
tion 284 are perpendicular to each other.

[0089] The bottom layer 115 includes sensor connection
264. The sensor connection 264 includes sensor 268 and
electrode contact 266. The electrode contact 266 may further
be connected to the microprocessor of the data pad 140
through additional conducting means, e.g., conducting
wires.

What is claimed is:

1. A sensing device comprising:

a. a first semipermeable membrane having a first surface
and a second surface, the first semipermeable mem-
brane having a first opening, a second opening, and a
third opening, wherein the first opening has a diameter
larger than the second opening;

b. a ketone body sensor positioned in contact with the first
semipermeable membrane; and

¢. wherein the first surface and the second surface define
a void to receive a vapor entering the void through the
first opening and the second opening in a first direction,
the vapor exiting the void through the third opening in
a second direction, the first direction being substan-
tially perpendicular to the second direction.

2. The sensing device of claim 1, having a housing shaped
for contacting a skin of a mammal, wherein the first surface
is in contact with the skin.

3. The sensing device of claim 2, wherein said mammal
is a primate.

4. The device of claim 2, wherein housing is suitable for
contacting a body part selected from the group consisting of:
a hand, wrist, arm, chest, torso, leg, foot, and ankle.

5. The device of claim 1, further comprising a receiver
component suitable for electronic connection between the
device and said receiver component.

6. The device of claim 1, wherein said semipermeable
membrane is made up of at least one layer of polytetrafluo-
roethylene or graphene.

7. A device for measuring acetone gasses released from
the skin of a mammal comprising:
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a. an encasement comprising a plurality of vent-in open-
ings on a bottom face, a vent-out opening on at least
one face which is adjacent to the bottom face, a void,
a first semipermeable membrane, and a ketone sensor;

b. wherein said first semipermeable membrane is posi-
tioned in contact with said bottom face, the ketone
sensor is positioned in the void, a vapor enters the void
through the plurality of vent-in openings, the vapor
exits the void through the vent-out opening.

8. The device of claim 7, further comprising a micropro-
cessor and a display, wherein said microprocessor processes
data received from said ketone sensor and provides an
output to said display.

9. The device of claim 7, wherein said first semipermeable
membranes are made up of at least two layers.

10. The device of claim 7, wherein said first semiperme-
able membrane is made up of at least one layer of polytet-
rafluoroethylene.

11. The device of claim 7, wherein said sensor is a
platinum coated Indium Nitride sensor, or an optical sensor.

12. The device of claim 11, wherein said sensor further
comprises platinum nanoparticles.

13. The device of claim 7, wherein said encasement is a
metallic microlattice, wherein said microlattice is connected
to said sensor for dissipation of heat from said sensor.

14. A method of measuring ketone bodies crossing a skin
of a mammal, comprising:

a. attaching a device to the skin of a mammal, wherein
said device comptrises: a plurality of vent-in openings
on a bottom face, a vent-out opening on at least one
face which is adjacent to the bottom face, a void, a first
semipermeable membrane, and a ketone sensor,
wherein said first semipermeable membrane is posi-
tioned in contact with said bottom face, the ketone
sensor is positioned in the void, a vapor enters the void
through the plurality of vent-in openings, the vapor
exits the void through the vent-out opening;

b. detecting ketone gasses being released from the skin of
said mammal with said sensor;

c. determining the amount of ketone being released from
the skin of said mammal; and

d. displaying the measured amount of ketone bodies
crossing the skin on a display on said device.

15. The device of claim 14, wherein said device further
comprises a fan to pull gasses across the sensor and to expel
said gasses from said void.

16. The device of claim 14, wherein said sensor is a
Platinum coated Indium Nitride sensor.

17. The device of claim 14, comprising the further step of
transmitting the amount of ketone being released from the
skin of said mammal to a receiver that is wirelessly con-
nected to said device.

18. The device of claim 14, wherein said device encase-
ment is a metallic microlattice, and wherein said sensor is
connected to said metallic microlattice.

19. The device of claim 14 further comprising at least one
further sensor selected from the group consisting of: heart
rate, blood pressure, and step counter.

20. The device of claim 14 wherein said semipermeable
membrane is made up of at least one layer of polytetrafluo-
roethylene.

21. The device of claim 14 wherein said sensor is an
optical ketone sensor.
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22. The device of claim 21 wherein the optical ketone
sensor is positioned in direct contact with the skin or
attached to the encasement such that a void exists between
a surface of the optical ketone sensor and the skin.

23. The device of claim 21 wherein the vapor is dissipated
from the device, at least partially, through diffusion.

24. The device of claim 23 includes at least one of the
followings to facilitate vapor dissipation:

(a) micro-channels on a surface of the sensor;

(b) a void disposed in the encasement; and

(¢) ventilation openings of the encasement.

® 0% % % %
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