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(57) ABSTRACT

A fluid analysis device including a fluid receipt chamber, a
first capacitive element for measuring fluid flow into the
fluid receipt chamber and a controller operatively coupled to
the first capacitive element, wherein the controller is con-
figured to measure a first capacitance of the first capacitive
element.
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FLUID ANALYSIS DEVICE AND
ASSOCIATED SYSTEMS AND METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 61/995,027, filed Mar.
31, 2014, which is fully incorporated herein by reference.

BACKGROUND

[0002] The present invention relates to a device for mea-
suring fluid and fluid flow characteristics.

[0003] Uroflowmetry can measure the volume of urine
released from the body, the rate at which urine is voided, and
the time it takes to complete a voiding event. The results of
a uroflowmetry test can be very beneficial in evaluating the
health of the urinary tract. This test can also be very valuable
in diagnosing abnormal health conditions, such as lower
urinary tract symptoms, benign prostatic hypertrophy, pros-
tate cancer, bladder tumor, neurogenic bladder dysfunction,
urinary incontinence, urinary blockage, urinary tract infec-
tion, as well as other conditions. Traditionally, uroflowmetry
tests are conducted at a medical facility, such as a hospital
or clinic. Testing in an artificial clinical setting opposed to a
natural setting such as the patient’s home can have a
significant impact on the patient’s performance. In addition
to the obvious disadvantages of inconvenience and patient
compliance, one complication that often arises with in-clinic
testing is that the patient will need to urinate while waiting
for the test to be administered. This can result in premature
voiding or abnormal voiding events, which skew or negate
the value of the test and require the patient to return to the
clinic multiple times to get accurate results.

SUMMARY

[0004] In one embodiment, the invention provides a fluid
analysis device including a fluid receipt chamber, a first
capacitive element for measuring fluid flow into the fluid
receipt chamber and a controller operatively coupled to the
first capacitive element, wherein the controller is configured
to measure a first capacitance of the first capacitive element.
[0005] Other aspects of the invention will become appar-
ent by consideration of the detailed description and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a cross-sectional view of an embodiment
of a fluid flow measuring device.

[0007] FIGS. 2a and 2b are cross-sectional views of a
second embodiment of a fluid analysis device with a detach-
able base secured to the device (FIG. 2a) and with the
detachable base removed from the device (FIG. 2b).
[0008] FIG. 2¢ is a top view of the second embodiment of
the fluid analysis device.

[0009] FIG. 3 is a top view of a third embodiment of the
fluid analysis device.

[0010] FIG. 4a is a top view a fourth embodiment of the
fluid analysis device, illustrating a detachable handle
attached to the device (left) and detached from the device
(right).

[0011] FIG. 4b is a cross-sectional view of the device
shown in FIG. 4a, illustrating the detachable handle attached
to the device (left) and detached from the device (right).
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[0012] FIG. 5 is a cross-sectional view of a fifth embodi-
ment of the fluid analysis device, including a cover.

[0013] FIG. 6is a block diagram illustrating an example of
a system for generating and measuring electrical signals.
[0014] FIG. 7 is a block diagram showing a process used
to measure changing signal in a first capacitive element.

[0015] FIG. 8 is a schematic of a Low-Z amplifier from
FIG. 7.
[0016] FIG. 9 is a graph illustrating a theoretical imple-

mentation of using a tilt sensor to correct for any changes in
measured voltage when the device is tilted.

[0017] FIG. 10 is a cross-sectional view of a sixth embodi-
ment of a fluid analysis device with a sensor component.
[0018] FIG. 11 is a cross-sectional view of the sensor
component of the device in FIG. 10.

[0019] FIG. 12 is a cross-sectional view of an alternate
embodiment of the sensor component.

[0020] FIG. 13 is a block diagram of the control software
currently used to display flow on a peripheral device in
real-time.

[0021] FIG. 14 is a block diagram of a method for oper-
ating the device in conjunction with a peripheral device, a
data server, and an Electronic Medical Record.

[0022] FIG. 15 is an exemplary embodiment of a physi-
cian interface for viewing data collected by the device.

DETAILED DESCRIPTION

[0023] Before any embodiments of the invention are
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the follow-
ing description or illustrated in the following drawings. The
invention is capable of other embodiments and of being
practiced or of being carried out in various ways.

[0024] Although the following detailed description con-
tains many specifics for the purpose of illustration, a person
of ordinary skill in the art will appreciate that many varia-
tions and alterations to the following details can be made and
are considered to be included herein. Accordingly, the
following embodiments are set forth without any loss of
generality to, and without imposing limitations upon, any
claims set forth. It is also to be understood that the termi-
nology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting. Unless
defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure
belongs.

[0025] As used herein, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a sen-
sor” includes a plurality of such sensors.

[0026] As used herein, “comprises,” “comprising,” “con-
taining” and “having” and the like can have the meaning
ascribed to them in U.S. Patent law and can mean
“includes,” “including,” and the like, and are generally
interpreted to be open ended terms. The terms “consisting
of” or “consists of” are closed terms, and include only the
components, structures, steps, or the like specifically listed
in conjunction with such terms, as well as that which is in
accordance with U.S. Patent law. “Consisting essentially of”
or “consists essentially of” have the meaning generally
ascribed to them by U.S. Patent law. In particular, such terms
are generally closed terms, with the exception of allowing
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inclusion of additional items, materials, components, steps,
or elements, that do not materially affect the basic and novel
characteristics or function of the item(s) used in connection
therewith. For example, trace elements present in a compo-
sition, but not affecting the compositions nature or charac-
teristics would be permissible if present under the “consist-
ing essentially of” language, even though not expressly
recited in a list of items following such terminology. When
using an open ended term, like “comprising” or “including,”
it is understood that direct support should be afforded also to
“consisting essentially of” language as well as “consisting
of” language as if stated explicitly and vice versa.

[0027] The terms “first,” “second,” “third,” “fourth,” and
the like in the description and in the claims, if any, are used
for distinguishing between similar elements and not neces-
sarily for describing a particular sequential or chronological
order. It is to be understood that any terms so used are
interchangeable under appropriate circumstances such that
the embodiments described herein are, for example, capable
of operation in sequences other than those illustrated or
otherwise described herein. Similarly, if a method is
described herein as comprising a series of steps, the order of
such steps as presented herein is not necessarily the only
order in which such steps may be performed, and certain of
the stated steps may possibly be omitted and/or certain other
steps not described herein may possibly be added to the

method.

[0028] The terms “left,” “right,” “front,” “back,” “top,”
“bottom,” “over,” “under,” and the like in the description
and in the claims, if any, are used for descriptive purposes
and not necessarily for describing permanent relative posi-
tions. It is to be understood that the terms so used are
interchangeable under appropriate circumstances such that
the embodiments described herein are, for example, capable
of operation in other orientations than those illustrated or
otherwise described herein. The term “coupled,” as used
herein, is defined as directly or indirectly connected in an
electrical or nonelectrical (i.e. physical) manner Objects
described herein as being “adjacent to” each other may be in
physical contact with each other, in close proximity to each
other, or in the same general region or area as each other, as
appropriate for the context in which the phrase is used.
Occurrences of the phrase “in one embodiment,” or “in one
aspect,” herein do not necessarily all refer to the same
embodiment or aspect.

[0029] As used herein, a “subject” refers to an animal. In
one aspect the animal may be a mammal. In another aspect,
the mammal may be a human.

[0030] As used herein, the term “substantially” refers to
the complete or nearly complete extent or degree of an
action, characteristic, property, state, structure, item, or
result. For example, an object that is “substantially”
enclosed would mean that the object is either completely
enclosed or nearly completely enclosed. The exact allowable
degree of deviation from absolute completeness may in
some cases depend on the specific context. However, gen-
erally speaking the nearness of completion will be so as to
have the same overall result as if absolute and total comple-
tion were obtained. The use of “substantially” is equally
applicable when used in a negative connotation to refer to
the complete or near complete lack of an action, character-
istic, property, state, structure, item, or result. For example,
a composition that is “substantially free of” particles would
either completely lack particles, or so nearly completely lack
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particles that the effect would be the same as if it completely
lacked particles. In other words, a composition that is
“substantially free of” an ingredient or element may still
actually contain such item as long as there is no measurable
effect thereof.

[0031] As used herein, the term “about” is used to provide
flexibility to a numerical range endpoint by providing that a
given value may be “a little above” or “a little below” the
endpoint. Unless otherwise stated, use of the term “about” in
accordance with a specific number or numerical range
should also be understood to provide support for such
numerical terms or range without the term “about”. For
example, for the sake of convenience and brevity, a numeri-
cal range of “about 50 angstroms to about 80 angstroms”
should also be understood to provide support for the range
of “50 angstroms to 80 angstroms.” Furthermore, it is to be
understood that in this specification support for actual
numerical values 1s provided even when the term “about” is
used therewith. For example, the recitation of “about” 30
should be construed as not only providing support for values
a little above and a little below 30, but also for the actual
numerical value of 30 as well.

[0032] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may be
presented in a common list for convenience. However, these
lists should be construed as though each member of the list
is individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group
without indications to the contrary.

[0033] Concentrations, amounts, and other numerical data
may be expressed or presented herein in a range format. It
is to be understood that such a range format is used merely
for convenience and brevity and thus should be interpreted
flexibly to include not only the numerical values explicitly
recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed
within that range as if each numerical value and sub-range
is explicitly recited. As an illustration, a numerical range of
“about 1 to about 5” should be interpreted to include not
only the explicitly recited values of about 1 to about 5, but
also include individual values and sub-ranges within the
indicated range. Thus, included in this numerical range are
individual values such as 2, 3, and 4 and sub-ranges such as
from 1-3, from 2-4, and from 3-3, etc., as well as 1, 2, 3, 4,
and 5, individually.

[0034] This same principle applies to ranges reciting only
one numerical value as a minimum or a maximum. Further-
more, such an interpretation should apply regardless of the
breadth of the range or the characteristics being described.
[0035] Reference throughout this specification to “an
example” means that a particular feature, structure, or char-
acteristic described in connection with the example is
included in at least one embodiment. Thus, appearances of
the phrases “in an example” in various places throughout
this specification are not necessarily all referring to the same
embodiment.

[0036] Reference in this specification may be made to
devices, structures, systems, or methods that provide
“improved” performance. It is to be understood that unless
otherwise stated, such “improvement” is a measure of a
benefit obtained based on a comparison to devices, struc-
tures, systems or methods in the prior art. Furthermore, it is
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to be understood that the degree of improved performance
may vary between disclosed embodiments and that no
equality or consistency in the amount, degree, or realization
of improved performance is to be assumed as universally
applicable.

[0037] In addition, it should be understood that embodi-
ments of the invention may include hardware, software, and
electronic components or modules that, for purposes of
discussion, may be illustrated and described as if the major-
ity of the components were implemented solely in hardware.
However, one of ordinary skill in the art, and based on a
reading of this detailed description, would recognize that, in
at least one embodiment, the electronic based aspects of the
invention may be implemented in software (e.g., instructions
stored on non-transitory computer-readable medium)
executable by one or more processing units, such as a
microprocessor and/or application specific integrated cir-
cuits (“ASICs”™). As such, it should be noted that a plurality
of hardware and software based devices, as well as a
plurality of different structural components may be utilized
to implement the invention. For example, “servers” and
“computing devices” described in the specification can
include one or more processing units, one or more computer-
readable medium modules, one or more input/output inter-
faces, and various connections (e.g., a system bus) connect-
ing the components.

[0038] An initial overview of invention embodiments is
provided below and specific embodiments are then
described in further detail. This initial summary is intended
to aid readers in understanding the technological concepts
more quickly, but is not intended to identify key or essential
features thereof, nor is it intended to limit the scope of the
claimed subject matter.

[0039] Uroflowmetry is a test used to measure one or more
of the volume of urine released from the body, the rate at
which urine is voided, and the time it takes to complete a
voiding event. Not only can uroflowmetry be very useful in
evaluating the health of the urinary tract, it can also be very
valuable in diagnosing a variety of abnormal health condi-
tions. These conditions can include lower urinary tract
symptoms (LUTS), benign prostatic hypertrophy, prostate
cancer, bladder tumor, neurogenic bladder dysfunction, uri-
nary incontinence, urinary blockage, urinary tract infection,
as well as other conditions.

[0040] In one specific example, uroflowmetry can be valu-
able in evaluating LUTS. LUTS refers to a clinical presen-
tation in men with symptoms such urinary hesitance, post-
void dribbling, urgency, and nocturia. Traditionally, LUTS
in men has been attributed to benign prostatic enlargement
and consequent bladder outlet obstruction. Patients who
present with symptoms of LUTS undergo a physical and
medical history examination typically performed by a pri-
mary care physician. A referral to a specialist involves a
diagnostic evaluation prior to initiating treatment or invasive
therapies. It is currently estimated that 198 in every 100,000
male visits to the emergency room (ER) are due to LUTS.
Approximately 9.5% of these ER visits result in hospital-
ization. Furthermore, approximately 44.6% of these cases
result in catheterization, of which 17.4% result in infection.
[0041] Assessment of LUTS can involve urine flow rate
measurement, post-void residual determination (PVR)
(which uses ultrasound), and cystoscopy. Urinary flow rate
is standardized and well accepted as a criterion for assess-
ment of flow patterns in screening for Bladder Outlet
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Obstruction conditions. However, clinic-based uroflowm-
etry can be flawed because the setting is artificial and often
it can be difficult for the patient to void at the desired
moment. Additionally, a single measurement of the voided
parameters can be a poor representation of the patient’s
condition due to the high variability (25%) of the measured
parameters. Hence, in clinical practice, multiple uroflowm-
etry measurements and many visits to the clinic can be
necessary for accurate results.

[0042] Embodiments set forth herein provide fluid analy-
sis devices and related systems and methods that can facili-
tate a more natural (and therefore accurate) collection of
uroflowmetry data. Such a device can have a number of
basic components including without limitation, a fluid
receipt chamber, a first capacitive element, a second capaci-
tive element, a tilt sensor (e.g. accelerometer or inclinom-
eter), and associated circuitry. Each of these components is
discussed in further detail below.

[0043] Referring to FIG. 1, a cross-sectional view of one
embodiment of an exemplary fluid analysis device is illus-
trated. The device is depicted generally as 100. The device
100 can have a base 150 supporting a fluid receipt chamber
120 with an inner cylinder or inner wall 105 and a cup-
shaped outer wall 110 having at least one handle 165 formed
integrally with the outer wall 110 or detachably coupled
thereto. The outer wall 110 may also include a spout or
groove. An inner fluid receipt chamber 120 is adapted to
receive any suitable fluid 115 for measuring fluid and fluid
flow characteristics. In one embodiment, the fluid 115 is
urine. However, other fluids with biomedical applications
(e.g., blood, amniotic fluid, etc.) may also be used, as well
as many other organic and inorganic fluids (silicones, oils,
cleaning agents, chemicals, water, etc.). In various embodi-
ments, additional sensors may be included in the device to
provide additional data regarding properties of the fluid (e.g.
temperature, pH, density, and presence of ketones, among
other properties), as discussed further below. The inner
cylinder 105 defines an inner fluid compartment, which is
part of the fluid receipt chamber 120, having at least one
passage 125 for allowing the fluid 115 to pass between the
inner fluid compartment of the inner cylinder 105 and the
outer wall 110, the wall of the outer wall 110 can define the
outer wall of the fluid analysis device 100. More particularly,
fluid passes between the inner fluid compartment of the
inner cylinder 105 and the fluid space between the inner
cylinder 105 and the outer wall 110 via the passage 125. The
passage 125 may be a single channel around a lower end of
the inner cylinder, or multiple passages 125 may exist. In
some embodiments, the passages are a plurality of holes in
the inner cylinder. These holes may be spaced symmetrically
or randomly, and may be of the same general size and shape
or of varying sizes and shapes. In various embodiments, the
inner wall 105 and/or the outer wall 110 of the fluid receipt
chamber may be rigid or flexible.

[0044] With continued reference to FIG. 1, the device 100
includes a first capacitive element (in certain embodiments
referred to as a cup capacitor) having an inner capacitive
plate 130a and an outer capacitive plate 1305 to measure
fluid and flow characteristics of the fluid 115. Appropriate
circuitry and other operative elements, such as a power
source, tilt sensor (e.g. accelerometer or inclinometer), com-
munication module, controller, and the like can be included
in the base 150 as part of an electronics unit 160. In the
illustrated construction, the inner capacitive plate 130a is
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disposed about an outer periphery of the inner cylinder 105,
and the outer capacitive plate 1305 is disposed about the
inner surface of the outer wall 110 defining a region ther-
ebetween. The device 100 also includes a second capacitive
element or normalization capacitor, having two capacitive
plates 140a and 1405, used to normalize data collected by
the first capacitive element. In various embodiments, the
plates 1304, 1305 of the first capacitive element have an area
of between 100-1000 cm? and the plates 140a, 1405 of the
second capacitive element have an area of between 1-30
cm?, although other plate sizes are possible for either of the
first and second capacitive elements. In various embodi-
ments, each of the pairs of plates 130a, 1305 and 1404, 1405
has a spacing therebetween in a range of 3 mm to 35 mm.
However, this spacing may be varied depending on the
viscosity of the fluid, for example the spacing may be larger
if a more viscous fluid is being analyzed. As shown in FIG.
1, the second capacitive element may be disposed within a
recess 135 on a bottom surface inside the space defined by
the outer wall 110, ensuring the second capacitive element
is filled completely with the fluid. In certain embodiments
the recess 135 has a volume of between 1-20 mL and the
device has a maximum capacity of between 100 mL-1000
mL. In the illustrated construction, the plates 140a, 1405 are
rectangular sections disposed on sidewalls of a rectangular
recess 135. However, the location and shape of the recess
135 and plates 140a, 1405 are exemplary by nature and may
be varied in any suitable manner. Furthermore, in some
embodiments the second capacitive element may not be
disposed within a recess, but rather may be placed in any
location in the device 100 such the second capacitive
element fills completely in response to fluid being added, for
example on or near the bottom surface of the fluid receipt
chamber 120 (see FIGS. 2a, 2b, 2¢).

[0045] Furthermore, in various embodiments, such as the
embodiment illustrated in FIG. 3, the first capacitive element
may be made of two or more pairs of plates 230a, 2305
instead of a single (e.g. cylinder-shaped) pair of plates. In
this latter case, the multiple pairs of plates 230a, 2305 may
be pairs of vertically-oriented (e.g. oriented from top to
bottom of the fluid receipt chamber 120) plates adjacent to
one another with a gap in between into which fluid flows.
These pairs of plates are generally arranged in a symmetrical
pattern around the perimeter of the fluid receipt chamber 120
to promote tilt-independence of capacitance measurements,
as discussed further below.

[0046] In operation, the fluid 115 enters the fluid receipt
chamber 120, flows through at least one passage 125, and
enters the space defined by the outer wall 110, filling the
outer wall 110 (including the fluid space between the outer
wall 110 and the inner wall 105) to the same level as the
inner fluid compartment of the inner fluid receipt chamber
120. As the fluid level rises within the outer wall 110, it
passes between the first capacitive element having the inner
capacitive plate 130a and the outer capacitive plate 1304.
The first capacitive element measures the fluid flow char-
acteristics of the fluid 115. The second capacitive element,
having two capacitive plates 140a and 1405, is filled com-
pletely and is used to normalize the data collected by the first
capacitive element. In general, the second capacitive ele-
ment will be determined to be completely covered or filled
with fluid when an associated signal of the second capacitive
element has plateaued (e.g., ceases to change meaningfully).
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In contrast, the first capacitive element will generally con-
tinue to change as fluid is added.

[0047] In another embodiment, shown in FIGS. 2a-2¢, the
base 150 containing appropriate circuitry and other opera-
tive elements may be detachable from the remainder of the
device 100, which houses the first and second capacitive
elements. The base 150 may be a cylindrical, or ‘puck’-
shaped, container forming a housing for the electronics unit
160 including the circuitry and other operative elements.
The base 150 is configured to be mechanically and electri-
cally coupled to the device 100 in any suitable manner. For
example, the base 150 may include engagement features 154
to mechanically secure the base 150 to the corresponding
features 158 on the device 100 by known methods (e.g.,
press fitting, threaded engagement, slide-on features, snap-
on features, etc.). The base 150 further includes some form
of electrical contacts, which may be formed separately from
or integrally with the engagement features, to electrically
couple the base 150 to the device 100. In the embodiment
illustrated in FIGS. 2a-2¢, the base 150 includes multiple
electrical contacts 162 on the top of the base 150 that engage
electrical contacts 166 located on a bottom surface of the
device 100. The engagement features 154, 158 may also help
to form a seal to protect the electrical contacts 162, 166 (e.g.,
from the fluid).

[0048] In the embodiment illustrated in FIGS. 4a and 45,
the electronics unit 160 including the circuitry and other
operative elements may be placed in a detachable handle
165 of the device 100. The handle 165 in such embodiments
includes multiple electrical contacts 170 on a side of the
handle 165 that are configured to form an electrical connec-
tion with corresponding contacts 175 disposed on the outer
wall 110 of the device 100 to allow for electrical commu-
nication with the first and second capacitive elements. In this
embodiment, the electrical contacts 175 of the device 100
are disposed at the location at which the handle 165 engages
the device 100 (e.g., along the outer wall 110). In addition,
the handle 165 may be mechanically secured to the outer
wall 110 by a number of known methods (e.g., press fitting,
threaded engagement, slide-on features, snap features, etc.).
The method of securing the handle 165 to the device 100
ensures that there is a sealed electrical connection between
the electrical contacts 170, 175 and that at most only a
limited amount of stress is placed on the electrical connec-
tions 170, 175 when the device 100 is supported solely by
the handle 165.

[0049] Though FIGS. 1 and 2a-2¢ show an embodiment
with two concentric cylindrical walls, more than two con-
centric walls can be used for added redundancy. In other
embodiments, the device 100 can have other multiple cham-
ber configurations beside the ‘cylinder within a cylinder’
design as described above, such as side by side chambers
which allow the inclusion of multiple capacitive elements
having separate plates between which fluid can enter for the
purposes of making a capacitive measure of fluid flow. In a
further embodiment, the device 100 can have a first inner
fluid receipt chamber for receiving fluid and an outer cham-
ber or reservoir fluidly coupled or connected thereto. In use,
fluid is admitted into either the inner or the outer chamber
and then proceeds into the other chamber and properly
located first and second capacitive elements receive the fluid
and measure the flow thereof in a normalized manner as a
function of change in capacitance. Nearly any configuration
that allows the accurate measure of fluid flow can be used.
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[0050] As described above, the inner fluid compartment of
the inner wall 105 can be adapted to receive fluid into the
device 100. The inner wall 105 or reservoir may include a
single passage 125 leading to the outer cup 110 or space
between the inner wall 105 and outer wall 110, or the device
100 can include a plurality of passages 125. In general, the
total area of the passage or passages 125 should be sufficient
to allow for the fluid 115 to enter the fluid space between the
inner wall 105 and the outer wall 110 at a rate equivalent to
the rate at which fluid is dispensed into the device (e.g. in a
range of 10-15 mL/sec) in order to achieve an accurate fluid
flow measurement. In certain embodiments, the area of the
passage or passages 125 may be limited in order to reduce
spurious changes in capacitance which could arise due to
sudden movements of the device 100; without any limits
being placed on the flow of fluid 115 through the passage(s)
125, levels of fluid 115 in the fluid space between the inner
wall 105 and the outer wall 110 could rapidly increase and
decrease if the device 100 were moved suddenly. In various
embodiments, the total area of the passage(s) is between
0.1-1,000 mm?, and in certain embodiments the total area is
between 500-800 mm®. However, in other embodiments
where a more viscous fluid is being analyzed, the area may
be substantially larger to allow proper flow of the fluid
through the passage. Given that the device 100 in some
embodiments is intended to be used as a portable device for
in-office or at-home use, the dampening or restriction of
spurious fluid movements is expected to provide more stable
and accurate capacitance measurements. In other embodi-
ments, the fluid space between the inner wall 105 and the
outer wall 110, in conjunction with the total area of the
passages(s), provides a mechanical dampening of the incom-
ing fluid (e.g. due to factors including surface tension of the
fluid), which helps reduce potential fluid measurement arti-
facts caused by sudden movement of the device 100.

[0051] In one aspect, the device 100 can be adapted to be
disposable. Disposable elements may include the inner
cylinder 105 with attached inner capacitive plate 130q, the
outer capacitive plate 1305, and/or the entire fluid receipt
chamber 120 including all of the capacitive elements 130q,
1305, 1404, 1405. The device 100 may also be adapted to be
reusable, handheld, and cleanable. Furthermore, the device
100 may be adapted to include replaceable walls or wall
covers that can facilitate cleaning of the device.

[0052] In one specific aspect, illustrated in FIG. 5, the
device 100 can be adapted to include a cover or cap 400 for
storing or transporting the fluid 115, or combinations
thereof, for example to contain fluid until it is disposed.
Additionally the at least one handle 165 (shown in at least
FIG. 1, 2a-c, and 4a-b) may be coupled to the outer wall 110
by a rotatable coupling, (e.g., bearing, swivel, etc.), allowing
the device 100 to remain upright at all times during use.

[0053] Regarding the specific shape, design, and dimen-
sion of the fluid receipt chamber 120 or cups, nearly any
shape. design, or size can be used which is suitable to
achieve a desired purpose. Such shape and size consider-
ations may be specified based on the intended purpose.
Although the text and drawings herein refer to the fluid
receipt chamber 120 as a cylinder, other shapes are possible
such as those having square, rectangular, or other cross-
sectional shapes as well as those having straight and tapered
walls. Fluid receipt chambers 120 with straight walls pro-
vide linear changes in capacitance with increases in fluid
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volume, although adjustments may be made for chambers
having tapered walls to account for the changes in volume
due to the tapered shape.

[0054] In the embodiment in which the fluid receipt cham-
ber 120 consists of two concentric capacitive cylinders,
described in reference to FIG. 1, the geometry of the device
100 has been optimized based on factors including those
listed below. Various embodiments of the disclosed inven-
tion may meet one or more of the following criteria:

[0055] 1. Maximize the signal-to-noise ratio by maxi-
mizing the change in voltage with an incremental
change in fluid height.

[0056] a. This is achieved by minimizing the diam-
eter of the outer capacitive cylinder (assuming a
constant volume) and making the device taller. How-
ever, ergonomic considerations, device storage, and
cleaning must also be taken into account in deter-
mining an appropriate diameter and height. The ratio
of height to diameter of the fluid receipt chamber is
approximately 1:1 to 3:1 in certain constructions. In
other constructions, the ratio is approximately 11:7,
although other ratios are possible.

[0057] b. In certain embodiments, this may be
achieved by minimizing the spacing between the two
concentric cylinders (e.g., approximately 3-10 mm).
This effectively increases the capacitance of the
primary (first) sensing element, therefore increasing
the overall signal. However, too small of a spacing
may make the device difficult to clean and may
increase error due to capillary action between the
plates.

[0058] 2. Linearize the voltage-fluid height relationship
(or at least approach a linear relationship).

[0059] a. This is achieved by maximizing the fluid
spacing between the two concentric cylinders, which
minimizes the contribution of the insulative layer(s)
in the overall capacitance of the system.

[0060] 3. Minimize the contribution of any insulating
layer(s) on the overall capacitance.

[0061] a. This is achieved by making the capacitance
of any insulating layer(s) much greater than the
capacitance of the fluid (at least 3-5 times greater).
This 1s done geometrically by making the fluid gap
significantly larger than the insulating layer.

[0062] Taking into account all of these considerations,
the following geometric ranges were found to be suit-
able for this specific embodiment. The first capacitive
element may have an outer diameter of about 3-5", a
height of about 4-6", and a capacitor spacing of about
0.25-1", and the second capacitive element may have a
height, width, and spacing of about 0.1-1".

[0063] In some embodiments, the second capacitive ele-
ment can have horizontally-oriented plates (i.e. the plates are
parallel to the bottom surface and perpendicular to the side
walls of the fluid receipt chamber 120). In other embodi-
ments, the second capacitive element can have the same
configuration (shape, dimensions, etc.) as the first capacitive
element, although the second capacitive element is generally
located at the bottom of the inner fluid chamber so as to be
filled prior to the first capacitive element. Furthermore, the
floor of the fluid chamber can be sloped so as to ensure that
recess 135 in which the second capacitive element is located
is filled even when the device 100 is tilted. The recess 135
and second capacitive element may be located at the bottom
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of the fluid receipt chamber 120 or, as shown in FIG. 1,
below the bottom surface of the fluid receipt chamber 120.
[0064] The first and second capacitive elements can be
made from any suitable capacitive material. Such materials
can include iron, titanium, nickel, chromium, copper, alu-
minum, silver, silicon, and any other suitable metals or
alloys thereof Additionally, the conductive material can
include a conductive polymer such as polyfluorenes, poly-
phenylenes, polypyrenes, polyazulenes, polynaphthalenes,
polycarbazoles, polypyrroles, polyindoles, polythiophenes,
polyanilines, polyazepines, and any other suitable conduc-
tive polymer or combinations thereof.

[0065] In some embodiments, the walls of the device 100
can be adapted to insulate or protect one or more of the
capacitive elements 130a, 1305, 1404, 1405 and various
other components of the fluid analysis device 100 from the
fluids 115 being measured. In general, at least one of each of
the pairs of the capacitive elements 130q, 1305, 140qa, 1405
is electrically insulated from the fluid 115 in order to hold an
adequate charge and to prevent the plates from discharging
through the fluid 115. This electrical insulation may be
provided by a non-conductive wall or by an insulating
coating applied to the capacitor plate.

[0066] The walls or insulating coating can be made of any
suitable material known in the art that can protect the
capacitive elements, electrical circuitry, and other compo-
nents from corrosion and damage due to contact with the
fluid. Examples of materials that can be used in the manu-
facture of the walls can include without limitation, ceramics,
glass, polymeric materials such as polyurethane, polyethyl-
ene, polypropylene, other plastics, and the like. Likewise,
the housing of the device 100 can be made of any suitable
materials which allow construction and accurate operation
of the device as intended. In some embodiments, the walls
of the device may also be coated with a hydrophobic or
antimicrobial coating to reduce buildup on the walls and
reduce the risk of bacterial infections.

[0067] FIG. 6 shows an example of a system used to
obtain and measure the signals of exemplary electrical
components. A power source (e.g. a battery) provides power
to the electronics unit 160, which includes a sine wave
generator for providing a sinusoidal voltage to the capacitive
plates. The power source also provides power to an optional
tilt sensor such as an accelerometer or inclinometer. The
signals from the pairs of capacitive plates are compared to
determine changes in capacitance since the last reading and
the signal is optionally filtered and amplified. The resulting
“cup capacitor signal” or first capacitive element signal and
“normalization capacitor signal” or second capacitive ele-
ment signals are fed to the controller/microcontroller (along
with the signal from the tilt sensor, if present).

[0068] When fluid is introduced into the fluid receipt
chamber, the fluid displaces air as the dielectric in the first
capacitive element and the second capacitive element. The
second capacitive element is generally disposed at or near
the bottom of the fluid receipt chamber so that it is com-
pletely submerged in the fluid before the first capacitive
element. The capacitance of the second capacitive element
may be used to correct for differences in the dielectric of the
fluid (e.g. dielectric differences between different fluids or
from different fluid samples such as different urine samples).
As the level of fluid within the fluid receipt chamber
increases, the capacitance of the first capacitive element
increases as air is replaced as the dielectric by the fluid. The

Jan. 26,2017

capacitance of the first and second capacitive elements can
be determined by application of a sinusoidal voltage to each
of the pairs of plates of the respective elements. An example
of a process and circuitry used to measure and process the
dynamic signal of the first capacitive element and the second
capacitive element as fluid fills the chamber is shown in FIG.
7. In this example, the capacitive element is located within
a low impedance (“Low-Z") amplifier. The oscillating volt-
age from the sine wave generator is fed through a voltage
follower and then to the Low-Z amplifier including the
sensor capacitor. The output of the sensor capacitor may be
subjected to one or more of an envelope filter, a non-
inverting amplifier, and a second-order low pass filter. This
process is exemplary by nature, and one of skill in the art
will recognize this may be accomplished in other ways.

[0069] FIG. 8 shows the details of a Low-Z amplifier such
as that referenced in FIG. 6, where the amplifier measures a
linear voltage change based on changes to C1, where Cl1 is
the first or second capacitive element and the change in
capacitance is directly related to the voltage measured.

[0070] Although the Low-Z amplifier has a linear rela-
tionship between changes in C1 and voltage, other compo-
nents of the circuitry and the added capacitance of the
insulating layer(s) may contribute to make the overall rela-
tionship non-linear. For this reason, a non-linear calibration
curve may be used to relate the voltage to a particular
volume measurement. The calibration curve is created by
placing known volumes of fluid into the first capacitive
element and recording the voltage. This process is repeated
with incremental volumes of fluid until the first capacitive
element is completely filled.

[0071] The first and second capacitive elements in the
device 100 can be used to measure various fluid flow
characteristics or fluid parameters, such as flow rate and
volume. Some non-limiting examples of other fluid flow
characteristics that can be measured by the current device
are voided volume, voiding time, average flow rate, maxi-
mum flow rate, and combinations thereof where the fluid can
be urine or any other suitable fluid. The device 100 can also
be adapted to provide a linear analysis of the flow rate/
voiding time in order to determine a voiding pattern. In one
aspect, the device can measure fluid volume. In one aspect,
the device can measure the fluid flow rate. In one aspect, the
device can measure urinary output volume. In one aspect,
the device can measure urinary flow rate. In one aspect the
device can measure maximum urinary flow rate.

[0072] Volume: Instantaneous volume measurements (i.e.
amount of liquid in the device at the time of the data
measurement) are determined by converting the voltage
output from the sensor circuit into volume readings using a
dielectric specific calibration curves.

[0073] Flow rate: Determined by subtracting two consecu-
tive volume measurements and dividing by the sampling
time in between the measurements. Noise is reduced by two
low pass filters in the circuit and a moving average after data
collection.

[0074] Max flow rate: Determined by taking the maximum
value from all of the flow rates

[0075] Average flow rate: Determined by taking the aver-
age of all of the flow rates above 0.5 mL/s.

[0076] Vbiding time: Determined by counting the number
of flow rates were greater than (0.5 mL/s) and multiplying
by the time in between each sample.
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[0077] Max volume: Determined by taking the maximum
volume measurements used to calculate other flow param-
eters

[0078] The dielectric properties of fluids may vary. For
example, the dielectric properties of urine vary from patient
to patient and even between voids for a given patient. These
changes in dielectric properties affect capacitance measure-
ments and, therefore, affect volume and flow rate calcula-
tions. The primary role of the second capacitive element is
to normalize the data collected with the first capacitive
element. This can be accomplished when the dielectric of the
second capacitive element (which is initially air) is com-
pletely replaced with the fluid introduced into the fluid flow
measuring device. The second capacitive element must be
positioned and sized such that it is most likely to become
completely filled during a void. Once the second capacitive
element becomes completely filled, its reading provides a
useful correlation between volume and voltage that can be
used to normalize all subsequent readings taken by the first
capacitive element. This normalization can be done in a
number of ways. These are, but not limited to, the following:

[0079] 1. Using the voltage measurement from the
second capacitive sensor, along with theoretical rela-
tionships well known to the art to calculate the actual
dielectric value of the current fluid in the device. Then
apply this dielectric constant to the specific geometric
configuration of the first capacitive sensor.

[0080] 2.Having a single calibration curve for a specific
fluid dielectric, and then adjusting this curve to account
for any differences in the current fluid dielectric using
a theoretically or experimentally derived relationship.

[0081] 3. Experimentally generating calibration curves
or look-up tables for a variety of dielectrics spanning
the range of physiological urine. The reading from the
second capacitive element can then be used to look up
and apply the calibration curve that is closest to the
current fluid in the device.

[0082] In one aspect, the first and second capacitive ele-
ments can be run as separate measurement circuits in
parallel with one another. The capacitive elements can be
cylindrical capacitors, parallel plate capacitors, thin film
capacitors, or any other suitable capacitor. In one aspect, the
first and second capacitive elements can both be the same
type of capacitor. In another aspect, the first and second
capacitive elements can be of different capacitor types.

[0083] The specific layout of the capacitors may also vary.
The capacitors may be symmetrically disposed within the
device, or may have an asymmetric pattern. In some
embodiments, two capacitors are used. In other embodi-
ments, at least three capacitors are used and disposed at
varying locations along the walls of the device.

[0084] In various embodiments, the disclosed device 100
is relatively insensitive to being tilted and can correct for any
tilt or change in orientation relative to a vertical axis. This
characteristic enables the device to be hand-held and por-
table (e.g. for at-home use) yet still maintain accuracy.
Various means can be employed so that tilting of the device
does not affect capacitance measurements. In general, the
requirement for a device with concentric capacitive plates to
be insensitive to tilt is that there should be a linear relation-
ship between fluid height and the measured voltage, i.e. the
derivative of voltage with respect to height is constant. That
is to say that adding x amount of fluid always results in the
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same increase in fluid height. In general, a container with a
constant cross-sectional area (bore) is expected to have this
characteristic.

[0085] Should these requirements not be met, additional
measures could be made to correct for any non-linearities so
that the device 100 can be relatively insensitive to tilt. These
additional measures include, but are not limited to, using an
orientation or tilt sensor (e.g. inclinometer, accelerometer,
gyro or any other suitable tilt or orientation measuring
device). The tilt sensor may be located on the base 150, on
a wall 105, 110, fixed into the body of the device, or placed
at other locations that do not prevent adequate tilt measure-
ment. The tilt sensor is configured to directly measure the
amount or degree of tilt. However, alternate additional
measure include using a non-linear calibration, positioning
capacitive plates in the middle of the device 100 where tilt
is less likely to affect fluid height, changing the effective area
of the parallel plates as a function of height, and/or varying
the spacing of the concentric plates as a function of height.

[0086] Furthermore, additional configurations not involv-
ing concentric plates could also be employed to obtain a
device that is insensitive to tilt. As one example, having two
separate fluid height capacitive sensors on opposing sides of
a constant bore receptacle would also suffice.

[0087] In general the capacitive plates (including a single
pair of plates or multiple pairs of plates) which make up the
first capacitive element (i.e. those which line the fluid receipt
chamber 120 and provide measurements of the increase of
fluid height) are arranged in a symmetrical pattern around
the perimeter of the fluid receipt chamber 120. By arranging
the capacitive plates in a symmetrical pattern, when the
device 100 is tilted, any increase in capacitance on one side
of the fluid receipt chamber 120 arising from a greater
amount of the gap between the plates which is occupied by
fluid is offset by an approximately equal decrease in capaci-
tance on the opposite side of the fluid receipt chamber 120.

[0088] One particular embodiment of the device uses an
accelerometer to correct for any tilting during use. An
exemplary implementation of the accelerometer and a cor-
responding algorithm is shown in FIG. 9. The algorithm, in
this example, accounts for a device with a cylindrical
capacitor having a known radius ‘r’ and non-linear calibra-
tion f(x) which maps fluid height ‘h’ to voltage “V’. As the
device is tilted to an angle ‘0’ relative to vertical, one side
of the capacitor is exposed to a fluid height ‘h—Ah’ while the
opposite side is exposed to a fluid height ‘h+Ah’ resulting in
a perturbed voltage reading “V** where

(PHYQRAR,_ ¥ fx)dx and Ah=r*tan 6

[0089] Since V* is the actual voltage read by the device,
0 is the tilt measured by the accelerometer, ‘r’ is a manu-
factured parameter, and f(x) is a predetermined calibration,
the above integral can be solved for the actual fluid height
‘h’. This approach enables a precise reading of fluid height
even in the absence of a linear voltage relationship. Of
course, should the capacitor be designed to have a linear
relationship between fluid height and voltage, such an inte-
gral would be unnecessary as the V* would be equal to V
when the device is tilted.

[0090] The circuitry used to operate the first and second
capacitive elements and any other desired sensors and
electrical components can be adapted or configured in any
way suitable for the intended purpose of the device. These
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circuitry components are generally known in the art and are
contemplated as useful in the current technology.

[0091] Additionally, the device 100 can be adapted to
include a variety of additional sensors suitable for a specific
application or set of applications. The fluid analysis device
100 can utilize optical, chemical, or other measurement
techniques to detect or measure properties in fluid or urine
that are normally found in current fluid or urine analysis.
These properties include, but not limited to, at least one of
the following: weight, specific gravity (density), tempera-
ture, glucose, blood (hemoglobin), presence of proteins,
leukocytes, acidity/alkalinity (pH), urobilinogen, bilirubin,
presence of nitrates, sodium chloride, presence of ketones,
and beta hCG (pregnancy). Any suitable sensor may be used
with the present technology and can be selected based on the
intended sensing to be performed. Exemplary sensors
include, without limitation, temperature sensors (e.g., ther-
mocouple, thermistor, infrared sensor, etc.), electrochemi-
cal, potentiometric, amperometric, conductometric, chemi-
capacitive, chemiresistive, photoionizing, a field-effect
transistor, a physical transducer, an optical transducer, bio-
chemical, affinity-based, thermochemical, optical, piezo-
electric, or any other suitable sensor. In some embodiments,
the chemical sensor(s) can have a single recognition site or
a plurality of recognition sites depending on the degree and
type of sensitivity desired in the sensor. The plurality of
recognition sites can be configured to detect a plurality of
signals. The device can include a single sensor or a plurality
of sensors. Where a plurality of sensors is used, the sensors
can be the same type of sensor or they can be different types
of sensors. In various embodiments, the sensors or portions
thereof may be incorporated into the electronics unit 160. In
certain embodiments, portions of the sensors which interact
directly with the fluid are housed in or adjacent to the fluid
receipt chamber and are electrically coupled to the electron-
ics unit 160 using suitable electrical connections.

[0092] In various embodiments, a temperature sensor
(which can include but is not limited to a thermocouple or
an infrared sensor) can be incorporated into the fluid analy-
sis device. In one particular embodiment, the temperature
sensor includes a thermocouple disposed at the bottom of the
fluid receipt container which is operably coupled to the
electronics unit 160. The electronics unit 160 obtains fluid
temperature data from the sensor; the electronics unit 160
may then store the fluid temperature data, perform calcula-
tions with the data, and/or transmit the data to an external
device for storage and/or further processing.

[0093] The additional data obtained from temperature and
other sensors, in concert with the fluid flow data, may be
used individually or in any combination thereof to identify
anomalous health conditions and/or facilitate the basis for
trending health conditions and/or artificial intelligence to
assist in the early detection and/or treatment of pending
negative and/or detrimental health conditions.

[0094] In some embodiments, the disclosed measurement
and analysis device may include one or more sensor com-
ponents that may be used in conjunction with the disclosed
methods. This sensor component can be inserted before or
after fluid is added to the device.

[0095] In one embodiment, illustrated in FIGS. 10 and 11,
additional properties of the collected fluid can be measured
by including a sensor component 500 (which may be dis-
posable or reusable) into or near the bottom of the fluid
analysis device 100, generally prior to a fluid such as urine
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entering the device 100. In some embodiments, the sensor
component 500 may be placed in a slot at the bottom of the
device 100 that is configured to hold the component 500
securely using at least one latching feature 204. In certain
embodiments, the sensor component 500 may form part of
the bottom of the device 100 and would therefore be secured
in a fluid-tight manner into the device 100. In other embodi-
ments, the sensor component may alternatively lay flat on
the bottom of the device 100 (which may be or include a
transparent portion or portions through which readings may
be obtained), parallel to the base 150, or vertically, perpen-
dicular to the base 150, or any other orientation.

[0096] The sensor component 500 may house a reagent
strip 504 (e.g., Areta 10 Parameter (10SG) Urinalysis
Reagent Strips, although other types of strips are also
possible) that can detect and measure at least one of the
properties described above, as well as at least one sensor 508
(e.g. an optical sensor) configured to monitor the reagent
strip 504 and send information (e.g., 12-bit RGB code)
relating to portions 512a, 5124, 512¢ of the reagent strip 504
(FIG. 8). In various embodiments, the portions 512a, 5125,
512¢ of the reagent strip 504 may correspond to one or more
sensor pads, each of which may be configured to sense a
different analyte, where each sensor pad will have a detect-
able change in a property (e.g. color) corresponding to the
level of the analyte that is present. For example, if the
portions 512a, 512b, 512¢ change to a different color
depending on the concentration of a particular analyte
present in the sample, then a sensor 508 is provided which
is capable of detecting the colors of the portions 512a, 5124,
512¢. The sensor component 500 may include a covering
516 over the reagent strip 504 to limit or block outside light
while allowing urine or other sample material to interact
with the portions 512a, 5125, 512¢ of the reagent strip. In
some embodiments, the optical sensor 508 may include a
light source such as an LED, which may be either formed
integrally with or provided externally to the sensor 508 to
ensure lighting is sufficient and consistent for each reading.
The light source emits light in conjunction with the sensor
508 obtaining data from the one or more portions 512a,
512b, 512¢. To the extent that the readings from the portions
512a, 512b, 512¢ may change as a function of time, the
portions 5124, 5125, 512¢ in certain embodiments may be
read several times (e.g. once every 1-60 seconds) over a
given time period (e.g. from 10 seconds up to 10 minutes
following initial wetting of the sensor component 500).

[0097] Referring to FIGS. 10 and 11, in one embodiment
a single optical sensor 508 may be provided to read multiple
portions 512a, 5125, 512¢ on the reagent strip 504, where
the optical sensor 508 may be moved along an axis by a
linear actuator 524 in order to read each portion 512a, 5124,
512¢ of the reagent strip 504. However, in alternate embodi-
ments such as the one illustrated in FIG. 12, the sensor
component 500 may include an array of sensors 608 (e.g.
optical sensors) disposed at regular locations adjacent to
each of the portions 512a, 5125, 512¢ on the reagent strip
504, cach sensor being configured to read a corresponding
portion of the reagent strip 504. In another embodiment, the
sensor component 500 may include a single sensor unit
capable of reading multiple portions of the reagent strip 504
without moving (e.g. a linear CCD).

[0098] In other constructions, the sensor component 500
may be a reusable and optionally sterilizable attachment. In
such embodiments, the reagent strips 504 may be detachably
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coupled to the component 500 to allow for insertion and
removal. Furthermore, the reagent strips 504 may be housed
in a cartridge configured to detachably couple to the sensor
component 500, allowing the user to remove the cartridge
and replace the reagent strips 504 before inserting the
cartridge back into the sensor component 500. Alternatively,
the reagent strips 504 may couple directly or indirectly (e.g.,
through the use of a cartridge) to the device 100 (generally
at or near the bottom), while the optical sensors may be
included in the base 150 (e.g. integrated with the electronics
unit 160, see below).

[0099] In operation of a device according to the illustrated
embodiments, an individual may void directly into the
device 100 or urine may be placed into the device 100 so as
to contact the reagent strips 504. The urine is then removed
from the device 100 and the reagent strip 504 is analyzed. In
certain embodiments one or more readings will be taken
within a limited time period determined by the particular
sensing portions 512a, 5125, 512¢ being used (e.g. within
about two minutes) following contact between the portions
512a, 512b, 512¢ and a fluid such as urine. In certain
embodiments, to read the portions 512a, 5126, 512¢ the
linear actuator 524 will move optical sensor 508 allowing
the sensor to read each portion 512a, 5125, 512¢ of the
reagent strip 504 in order to generate a signal indicating
information (e.g.. 12-bit RGB code or other signal, as
appropriate) for each portion 512a, 5125, 512¢ of the
reagent strip 504. The signal may then be processed within
the device 100 or may be transmitted to an external device
for further processing. For example, the signal may be sent
to either the controller disposed within base 150 or to an
external device to map each RGB code to the closest
tabulated color and associated metric (e.g. using a basic
minimization algorithm or other suitable calculations).
However, other processing techniques have been contem-
plated as useful.

[0100] In certain embodiments, if only small amounts of
urine are introduced, the device 100 may be tilted in a way
to cover the reagent strip 504 with urine thus exposing all
parts of the reagent strip 504 to the urine; once the reagent
strip 504 and the portions 5124, 5126, 512¢ of the reagent
strip 504 have been saturated, the remaining steps of the
process for obtaining readings would be generally
unchanged from what is described herein. Additionally, the
scanning of the reagent strip 504 may be performed before
the urine is removed from the fluid analysis device 100, or
after the sensor component 500 is separated from the device
100.

[0101] In other embodiments, combinations of more than
one sensor component used for measuring the properties
listed above may be employed on a single device 100. These
sensor components may each include reusable or disposable
components, or at least may contain some reusable or
disposable features. In other embodiments, the reagent strip
504 may be integrated into the bottom of the device 100,
generally in conjunction with embodiments in which some
or all of the device 100 (e.g. one or more parts of the fluid
receipt chamber) is intended to be disposable.

[0102] In addition, the device 100 may include an elec-
tronics unit 160 having number of other modules or com-
ponents in order to carry out its intended operation. At a
basic level, such components can include a power source or
module, a data collection module, a memory or data store,
a communication module, and a controller module. Addi-
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tionally, in some embodiments, the device can include a user
interface (such as a graphical user interface) configured to
allow the user to operate the device and/or view testing
results directly thereon.

[0103] The power module is configured to power the
device. Any power source sufficient to adequately power the
device may be used. Batteries, capacitors, and/or other
power sources that don’t interfere with any of the sensors or
other measuring components of the device may be selected
in view of the device’s intended purpose and duration of
operation. In one aspect, the power module can include a
battery. In one example the battery can be a rechargeable
battery. Other components can be included in the power
module, for example, wires and electrical connections
required to operably connect the battery to other modules
within the fluid analysis device that require power for their
operation. In one specific example, the power module may
include components that inductively charge the battery when
exposed to an adequate external influence, such as a wireless
or magnetic influence. In such embodiment, if charging of
the battery is necessary or desired, the proper external
influence can be brought within a sufficient range to operate
the inductive components and charge the battery without
physically accessing the device. The battery can also be
recharged using a physical connection to an outlet, USB
port, or other suitable power source.

[0104] The data collection module can be operatively
coupled to the device in a manner sufficient to receive
capacitive data, and is configured to collect and store capaci-
tive data. Typical components of a data store may be used,
such as readable writable memory, connections to power,
and suitable input/output (I/O) connections to other device
components or modules. Those of ordinary skill in the art
will understand the assembly and operation of such com-
ponents.

[0105] The communication module can be configured to
communicate with a peripheral or external device, such as a
computing device (i.e. computer), mobile device (e.g. smart
phone or tablet), or cloud database, in order to transmit
and/or receive information. Typical components for such a
module may be used. In one aspect, the data communication
module can include components to facilitate a physical
connection between the fluid flow measurement device and
a remote device. In one aspect, the communication module
may include a wireless transmitter/receiver capable of wire-
lessly communicating with the remote device. Nearly any
wireless frequency, range, protocol or type can be used, for
example short-wavelength radio waves in various bands,
such as Bluetooth®, local area wireless technologies, such
as WiFi, WIMAX®, or other IEEE 802.11 protocols, cellu-
lar, including GMA and CDNA, radio, electromagnetic, or
any other suitable method of wireless communication. In
one embodiment, the wireless transmitter/receiver can be a
low power consumption device, for example, Bluetooth®
low energy (LE).

[0106] A block diagram of the control software currently
used is shown in FIG. 13. It should be noted that, while
certain specific steps and protocols are illustrated, other
steps and protocols may be substituted, removed, or added
in place of steps and protocols shown in FIG. 9 such as those
mentioned above and others generally known in the art.
[0107] Additionally, the communication module can be
adapted to provide a biofeedback signal based on capacitive
or other sensor data that alerts the user to a significant
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medical condition. The communication module can transmit
a signal to a remote device, turn on an LED associated with
the device, or provide any other suitable signal or alert for
the user to seek medical assistance.

[0108] The controller module can be configured to control
the operation of the fluid flow measuring device, including
all aspects of device activity, data collection, and commu-
nications. The controller module is operatively coupled to
the other device modules as necessary to affect such control.
The controller module generally includes one or more
processors and memory and is equipped with program logic
sufficient to control all aspects and function of the device.
[0109] In one embodiment, the program logic of the
controller may include instructions to control the commu-
nications module based on device activity. For example, the
controller module can activate or deactivate the communi-
cation module and/or other device components upon receiv-
ing an indication of a change in capacitive or other sensor
measurements. In an additional aspect, deactivation of the
communications module can occur based on an amount of
time that has lapsed since its activation. Such an amount of
time can be programmed into the controller as part of the
program logic and selected by a user in view of the desired
purpose and operation of the fluid flow measuring device.
[0110] In some embodiments, the computing and logic
components as well as controller elements can be located in
a device separate from the fluid flow measuring device, and
which is in communication therewith. In such another
embodiment, the devices can form system for measuring
fluid characteristics. The system can include the urinary flow
measuring device as recited above and a computing device
in communication therewith. The computing device can be
a hand-held device, such as a tablet or smart phone, a server,
a personal computer, or other suitable device. Additionally,
the computing device can include a power module, a con-
troller, a data receipt module, and a memory module.
[0111] The power module and controller can operate as
described previously. The data receipt module can be opera-
tively connected to the fluid flow measuring device. It can be
adapted to receive data generated by the fluid flow measur-
ing device, whether data transmission is wireless, via cable,
or via a removable storage device. The data receipt module
can remain in a passive receiving mode until prompted by
the measuring device. This module can use standard com-
puting components known in the art.

[0112] The memory module can be operatively connected
to the other modules of the computing device and can be
adapted to store the data received via the data receipt
module. Typical components of a data store may be used,
such as readable writable memory, connections to power,
and suitable input/output (I/0O) connections to other device
components or modules. Those of ordinary skill in the art
will understand the assembly and operation of such com-
ponents.

[0113] A remote device used in connection with the fluid
analysis device can be any number of computing devices
that are capable of wirelessly communicating with the fluid
flow measuring device. As previously mentioned, exemplary
devices include without limitation desktop computers,
mobile devices, such as smart phones, laptops and tablets.
Cloud or other internet connected databases can also be
used. In addition to a wireless transmitter/receiver, such
devices may also include processors, memory, and I/O
components necessary for a user to operate the device,
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among others. Generally, components sufficient to report
data received by the remote device to the user can be
included. Such computing devices are well known in the art.
In one aspect, the remote device can be equipped with an
application that is configured to display, quantify, and inter-
pret data received from the fluid flow measuring device. In
some aspects, the remote device and/or the program logic
thereon can control, program, or otherwise input information
into the fluid flow measuring device.

[0114] Inoperation, the above-recited devices and systems
are capable of performing a number of useful methods. In
one embodiment, shown in FIG. 14, a method of measuring
a fluid flow characteristic is described. This method can
include a voiding event in which fluid is introduced to the
device, and then passing the fluid through at least two
capacitive elements. Each capacitive element can include a
plurality of plates made from any suitable material, such as
those previously described. Additionally, the method can be
executed while tilting the capacitive elements from an
upright position without significantly affecting measurement
of fluid flow characteristics since components, such as a tilt
sensor, may be used to correct for the tilt. Information from
the first capacitive element can be normalized using infor-
mation collected from the second capacitive element. The
information collected using this method can be transferred to
a peripheral device using the communication module, and
may then be further processed determine fluid parameter
data such as flow rate, fluid volume, urine flow rate, urine
volume, and other such fluid parameters. In this embodi-
ment, that data may then be transferred from the peripheral
device to a data server to log the fluid parameter data and
store the data. It may then be transferred to an Electronic
Medical Record (EMR) for use by healthcare professionals.
[0115] In addition to measuring fluid flow characteristics
and other fluid properties, the methods described above can
be used to monitor the occurrence of a biological condition
that is accompanied by specific fluid and flow characteris-
tics, a specific signal that is induced chemically or by other
means which is detectable by the capacitive elements and/or
by additional sensors used in connection with the capacitive
elements. Upon detection of this signal, the communication
module can be activated and transmit the sensor data to a
user, such as the individual using the fluid flow measuring
device, a medical professional, or other designated person.
Furthermore, the data from this device can be integrated
directly into a patient’s Electronic Medical Record (EMR)
for easy viewing by medical specialists. A report in the form
of FIG. 15 or other similar reports would facilitate a quick
and comprehensive evaluation leading to a more accurate
diagnosis of the patient’s condition.

[0116] This device is configured to gather the fluid flow
data along with other possible fluid properties, and may be
used to identify anomalous health conditions and/or facili-
tate the basis for trending health conditions and/or artificial
intelligence to assist in the early detection and/or treatment
of pending negative and/or detrimental health conditions.
[0117] Various features and advantages of the invention
are set forth in the following claims.

What is claimed is:
1. A fluid analysis device, comprising:
a fluid receipt chamber;

a first capacitive element for measuring fluid flow into the
fluid receipt chamber; and
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a controller operatively coupled to the first capacitive
element. wherein the controller is configured to mea-
sure a first capacitance of the first capacitive element.

2. The fluid analysis device of claim 1, wherein the first
capacitive element comprises a pair of plates, each plate
having a surface, wherein the surfaces of the plates are
facing one another with a first gap therebetween, wherein the
first capacitance is measured across the first gap.

3. The fluid analysis device of claim 2, wherein the fluid
receipt chamber comprises a double-walled chamber having
an inner wall and an outer wall, wherein one of the pair of
first capacitive element plates is associated with the inner
wall and the other of the pair of first capacitive element
plates is associated with the outer wall.

4. The fluid analysis device of claim 3, wherein the inner
wall defines an inner fluid compartment, wherein the outer
wall surrounds the inner wall with a fluid space therebe-
tween, and wherein the inner fluid compartment and fluid
space are fluidly connected to one another by at least one
fluid passage.

5. The fluid analysis device of claim 4, wherein fluid
movement between the inner fluid compartment and the
fluid space is dampened by the fluid space.

6. The fluid analysis device of claim 4, further comprising
a second capacitive element for measuring a second capaci-
tance, the second capacitive element being disposed within
the fluid receipt chamber such that, upon entry of fluid into
the fluid receipt chamber, the second capacitive element is
completely covered by fluid before the first capacitive
element is completely covered by fluid.

7. The fluid analysis device of claim 6, wherein the second
capacitive element comprises a pair of plates disposed
within a recess, each plate having a surface wherein the
surfaces of the plates are facing one another with a second
gap therebetween, wherein the second capacitance is mea-
sured across the second gap.

8. The fluid analysis device of claim 7, wherein the outer
wall defines an outer cup having a bottom surface, wherein
the recess containing the second capacitive element is dis-
posed below the bottom surface of the outer cup.

9. The fluid analysis device of claim 6, wherein the
controller is operatively coupled to the second capacitive
element, the controller configured to measure a second
capacitance of the second capacitive element.

10. The fluid analysis device of claim 6, wherein one or
more of the surfaces of the plates of the first capacitive
element and the second capacitive element have an insulat-
ing coating applied thereto.

11. The fluid analysis device of claim 6, wherein the fluid
receipt chamber is substantially cylindrical.

12. The fluid analysis device of claim 6, wherein the first
capacitive element comprises a plurality of pairs of plates,
each of the plurality of pairs of plates disposed symmetri-
cally about the cylindrical fluid receipt chamber.

13. The fluid analysis device of claim 12, wherein the
controller is configured to determine a plurality of first
capacitances from each of the plurality of pairs of plates.

14. The fluid analysis device of claim 13, wherein the
fluid receipt chamber is removably coupled to an electronics
unit, the electronics unit comprising the controller and a
communication module, the controller operatively coupled
to the communication module.
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15. The fluid analysis device of claim 14, wherein the
electronics unit further comprises a tilt sensor operatively
coupled to the controller to obtain tilt angle data.

16. The fluid analysis device of claim 15, further com-
prising a sensor component disposed within the fluid receipt
chamber, the sensor component comprising a reagent strip
and a sensor for reading the reagent strip.

17. The fluid analysis device of claim 16, wherein the
reagent strip includes at least one portion for sensing an
analyte selected from the group consisting of specific gravity
(density), glucose, blood (hemoglobin), presence of pro-
teins, leukocytes, urobilinogen, bilirubin, acidity/alkalinity
(pH), presence of nitrates, sodium chloride, ketones, and
beta-hCG.

18. The fluid analysis device of claim 1, wherein the
controller is configured to wirelessly communicate with an
external device using the communication module.

19. The fluid analysis device of claim 18, wherein the
controller wirelessly communicates at least one of the first
capacitance, the second capacitance, and the tilt angle data
to the external device.

20. A fluid analysis system comprising the fluid analysis
device of claim 15 and an external device.

21. The fluid analysis system of claim 20, wherein the
external device is a smart phone or a tablet computer.

22. The fluid analysis device of claim 20, wherein the
external device determines a fluid parameter of the fluid in
the fluid receipt chamber based on at least one of the first
capacitance, the second capacitance, and the tilt angle data.

23. The fluid analysis system of claim 22, wherein the
fluid parameter is selected from the group consisting of a
total volume, a continuous flow rate, a flow duration time, a
maximum flow rate, and an average flow rate.

24. The fluid analysis system of claim 22, wherein the
second capacitance is an indication of a dielectric of the fluid
in the fluid receipt chamber, and wherein the second capaci-
tance is used to convert the first capacitance to the fluid
parameter.

25. The fluid analysis system of claim 24, wherein the
second capacitance is used to select at least one of a
calibration curve or a lookup table to convert the first
capacitance to the fluid parameter.

26. The fluid analysis system of claim 22, wherein the tilt
angle data is used to select at least one of a calibration curve
or a lookup table to convert the first capacitance to the fluid
parameter.

27. The fluid analysis system of claim 22, wherein the first
capacitance comprises a plurality of first capacitances and
wherein the external device determines a tilt angle of the
fluid receipt chamber based on the plurality of first capaci-
tances.

28. The fluid analysis system of claim 22, wherein the tilt
angle determined from the plurality of first capacitances is
used to select at least one of a calibration curve or a lookup
table to convert the plurality of first capacitances to the fluid
parameter.

29. The fluid analysis system of claim 22, further com-
prising a data server in communication with the external
device, wherein the external device transmits the fluid
parameter to the data server.

30. The fluid analysis system of claim 29, wherein the
fluid parameter data is converted to an electronic medical
record format.
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31. The fluid analysis system of claim 22, wherein the
fluid comprises urine and wherein the fluid parameters
comprise uroflowmetry data.

32. A fluid analysis device, comprising:

a rigid fluid receipt chamber having at least one side and

a bottom surface;

ahousing detachably coupled to the fluid receipt chamber;

an electronics unit disposed within the housing, the elec-
tronics unit including a controller and a communication
module operatively coupled to the controller;

a first capacitive element disposed along the at least one
side of the fluid receipt chamber for measuring fluid
flow into the fluid receipt chamber, the first capacitive
element operatively coupled to the controller;

a second capacitive element disposed at the bottom sur-
face of the fluid receipt chamber for measuring a
reference signal to correct for fluid dielectric, the
second capacitive element operatively coupled to the
controller; and

a plurality of sensors to determine orientation of the fluid
receipt chamber, the plurality of sensors operatively
coupled to the controller,

wherein the controller is configured to measure a first
capacitance of the first capacitive element and a second
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capacitance of the second capacitive element and to
send capacitance data to an external device using the
communications module.

33. The fluid analysis device of claim 32, the electronics
unit further comprising a memory storage device for storing
capacitance data.

34. The fluid analysis device of claim 32, wherein each of
the fluid receipt chamber and the housing further comprises
a plurality of electrical contacts, wherein the plurality of
electrical contacts are disposed on the fluid receipt chamber
and the housing to provide electrical connectivity between
the fluid receipt chamber and the electronics unit of the
housing.

35. The fluid analysis device of claim 32, wherein the
housing comprises a puck-shaped container.

36. The fluid analysis device of claim 32, further com-
prising a temperature sensor disposed at the bottom of the
fluid receipt chamber, the temperature sensor operatively
coupled to the controller, wherein the controller is config-
ured to measure a temperature of the fluid using the tem-
perature sensor.

37. The fluid analysis device of claim 36, wherein the
temperature sensor is selected from the group consisting of
a thermocouple, a thermistor, and an infrared sensor.
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