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(57) ABSTRACT

A urinalysis cassette and system that includes a toilet, into
which a urinalysis cassette is inserted. The cassette is
comprised of a roll of color-change-reagent strips. Each strip
includes a plurality of strip sections wherein an absorbent
material is imbued with color-change reagent, or onto which
one or more color-change reagents are dispensed. The
color-change-reagent strips are consecutive and contiguous
on the roll. A cassette includes two spools arranged such that
when the spools turn, the reagent strip moves from a first
(source spool) to a second (waste spool). The section of the
reagent strip that is between the two spools may be exposed
to a urine specimen. The absorbent-material strips that have
been exposed to both a urine specimen and a color-change
reagent may undergo a chemical reaction. Selective-lighting
illumination may be applied to absorbent-material strips that
have undergone such chemical reactions to measure reflec-
tivity of certain color wavelengths. This measurement may
be expressed in terms of a digital readout, which may be
displayed on a user interface.

19 Claims, 14 Drawing Sheets
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URINALYSIS CASSETTE AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/303,329 filed Mar. 3, 2016, the contents
of the application being incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to the field of
urinalysis. More specifically, the present disclosure relates to
an improved instrument for urinalysis.

BACKGROUND

Medical professionals often utilize urine as a source of
information to diagnose, monitor, and/or assess the health
conditions of an individual. Urine can be an important
source of information for various dysfunctions such as
pancreatic disorders (typically, diabetes), liver disease, kid-
ney disorders, and a variety of other health related condi-
tions. Conventional urinalysis includes a dipstick that often
must be tested with a device that is different and separate
from the toilet apparatus upon which a person may sit when
providing the urine sample. Additionally, the processes of
providing a urine sample can be cumbersome, uncomfort-
able, and intrusive. Embodiments disclosed herein provide
improvements to the urinalysis equipment involved in sam-
pling urine so as to assist individuals in rendering a health
check.

SUMMARY OF THE INVENTION

Disclosed herein is a toilet, comprising a urinalysis cas-
sette and system, which may overcome the limitations of
existing urinalysis methods and systems. In one embodi-
ment, a toilet comprises a urinalysis cassette wherein a roll
of contiguous strips extends from a first spool to a second
spool. A portion of the roll of contiguous strips, in one
embodiment, may traverse a gap between the first and
second spool, which is exposed to urine during a urinary
event. The exposed portion of the roll of contiguous strips
may change between urinary events by winding about the
second spool and vacating the first spool, according to one
embodiment. The roll of contiguous strips comprises a
plurality of absorbent material segments upon which a
color-change reagent may come into contact with a urine
specimen, according to one embodiment, and induce a
chemical reaction. In one embodiment, the chemical reac-
tion may be analyzed using selective-lighting illumination,
which may produce a digital readout of the chemical inter-
action between the urine and the color-change reagent. The
digital readout may then be displayed on a user interface.

BRIEF DESCRIPTION OF THE DRAWINGS

The written disclosure herein describes illustrative
embodiments that are non-limiting and non-exhaustive. Ref-
erence is made to certain of such illustrative embodiments
that are depicted in the figures, in which:

FIG. 1 is a perspective view of a toilet, according to one
embodiment, including a urine-specimen-capture slit and a
toilet bowl.

FIG. 2A is an overhead view of a toilet, according to one
embodiment, with a urine-specimen-capture slit.
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FIG. 2B is an overhead view of the toilet of FIG. 2A, in
which the urine-specimen-capture slit is cut out to expose a
urinalysis cassette.

FIG. 3A is a frontal view of a toilet, according to one
embodiment, with a flap to access the urinalysis cassette.

FIG. 3B is a frontal-cross-sectional view of one embodi-
ment of the toilet of FIG. 3A, with a magnified view of a
urinalysis cassette.

FIG. 4A is a cross-sectional view of a urinalysis cassette,
according to one embodiment, in which a plurality of
absorbent-material segments take the form of protuberances
on the surface of the roll of contiguous strips.

FIG. 4B is a cross-sectional view of the urinalysis cassette
of FIG. 4A, with absorbent-material segments in the form of
dimples in the roll of contiguous strips.

FIG. 5A is an overhead view of one embodiment of a
urinalysis cassette, in which absorbent-material segments
take the form of protuberances on the surface of the roll of
contiguous strips.

FIG. 5B is an overhead view of the urinalysis cassette of
FIG. 5A, in which absorbent-material segments take the
form of dimples on the roll of contiguous strips.

FIG. 6 is a perspective view of one embodiment of a
rotation mechanism for rotational coordination of a first
spool and second spool.

FIG. 7 is a cross-sectional view of a urinalysis cassette
comprising a reagent-temperature-control system, according
to one embodiment.

FIG. 8 is a perspective view of one embodiment of a
urinalysis cassette comprising a heat source to apply heat to
moist, absorbent-material segments and/or wet portions of a
roll of contiguous strips.

FIG. 9 is a perspective view, according to one embodi-
ment, of a urinalysis cassette with a desiccant dispenser.

FIG. 10 is a perspective view of one embodiment of a
toilet with a user interface, in which a screen provides a
digital readout of urinalysis results.

DESCRIPTION

The term “toilet,” as used herein, may be understood to
describe any sanitation fixture designed to receive urine
and/or other excreta including a urinal, latrine, lavatory,
commode, etc. A toilet is dynamically useful for obtaining
health-related measurements due to its frequency of use,
relatively easy accessibility, and privacy afforded to the
location. In one embodiment, a toilet may include a cassette,
which may be inserted into a compartment or housing
located within the toilet. A button, lever, or other input may
be utilized to insert and/or remove the cassette from the
toilet.

According to various embodiments, insertion of the cas-
sette into the toilet compartment may activate a sensor,
which may communicate with a nozzle to dispense urine
onto a urinalysis strip upon sensing urine from a urinary
event. In another embodiment, insertion of the cassette into
the toilet compartment may directly open the nozzle such
that urine from a urinary event may be dispensed onto a
urinalysis strip.

As described herein, a urinalysis cassette may include a
roll of contiguous strips with one or more absorbent-material
segments. The word “attached,” or the phrase “attached to”
may to refer to any suitable connection and/or converging
interaction between two or more entities which are in direct
contact with each other and/or are separated from each other
only by a fastener of any suitable variety (e.g., mounting
hardware or an adhesive). The roll of contiguous strips may
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be pre-wound on a first spool and attached to a second spool
for receiving and storing strips distributed from the first
spool.

According to various embodiments, the first and second
spools of the urinalysis cassette may synchronously rotate a
pre-programmed distance and/or number of degrees, such
that once urinalysis of an exposed strip segment of the roll
of contiguous strips is complete, a new segment of the roll
of contiguous strips becomes exposed and traverses a gap
between the spools. The synchronization may be coordi-
nated, according to one embodiment, with one or more
connecting rods that are attached to both the first spool and
the second spool, such that one spool’s rotation about an axis
directly turns the second spool. In another embodiment, the
spools may be coordinated using electrical signals, magnetic
interactions, and/or any other suitable turning force.

In one embodiment, urine from a urinary event may enter
a urine-specimen-capture slit in a toilet bowl. Upon entering
the urine-specimen-capture slit, a urine specimen may pass
through one or more nozzles, from which the urine specimen
may be instantaneously dispensed onto one or more absor-
bent-material segments on the roll of contiguous strips. The
nozzles may be pre-programmed to move and/or rotate to a
plurality of absorbent-material segments, according to one
embodiment.

In one embodiment, the color-change reagent may imbue
and/or be allocated to one or more absorbent-material seg-
ments. The urine specimen may be dispensed from the
nozzle onto the color-change-reagent-infused absorbent-ma-
terial segments. After the urine specimen has been dispensed
onto one or more absorbent-material segments, the urine
may chemically react with the color-change reagent. In
another embodiment, one or more nozzles may dispense
color-change reagent to the absorbent-material segments
after the urine specimen is dispensed onto the absorbent-
material segments.

In one embodiment, the toilet may contain one or more
piezoelectric inkjet pumps or similar nonthermal microdis-
pensers for dispensing the color-change reagent. The color-
change reagent may be stored, according to one embodi-
ment, in a temperature-controlled chamber prior to being
applied to the absorbent-material segments.

In another embodiment, the roll of contiguous strips
wound around the first spool of the urinalysis cassette may
be exposed to a temperature-control mechanism. The tem-
perature-control mechanism may be dormant, in one
embodiment, until activated by the presence of urine in the
urine-specimen-capture slit. Upon activation, the tempera-
ture-control mechanism may be selectively applied to the
roll of contiguous strips, according to one embodiment, such
that only the segment exposed to the urine specimen is
subject to temperature control. In one embodiment, the
temperature-control mechanism is activated to incubate the
strip of absorbent-material segments, upon which a urine
specimen has been applied, only for a period of time
sufficient for the urine specimen and the color-change
reagent to complete a desired chemical reaction.

Selective-lighting illumination may be applied to the
absorbent-material segments after the urine specimen has
chemically interacted with the color-change reagent of the
absorbent-material segments. According to one embodi-
ment, selective-lighting illumination may include one or
more light emitting diodes, photodiodes, and/or cameras. In
one embodiment, a light source may be a broadband source,
a tunable-narrowband filter, and/or several narrowband
emitters. Measuring reflectivity of specific color wave-
lengths, according to one embodiment, may produce a
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digital readout of the results from the chemical reaction
between the urine specimen and the color-change reagent. In
one embodiment, the digital readout may be transmitted via
a conductor and/or wireless technology to be stored as
computer storage memory. A user interface may, in one
embodiment, convey the urinalysis results via a visual signal
and/or representation. According to one embodiment, a
digital readout may be compared to one or more previous
digital readouts, with the comparison displayed on the user
interface. In one embodiment, the user interface may be
attached to the toilet. Other embodiments may include a user
interface that is detached from the toilet.

A heater and/or fan may, according to one embodiment, be
activated to dry the absorbent-material segments after they
have undergone the chemical reaction between the urine and
color-change reagent. In another embodiment, a desiccant
may be dispensed onto the moist absorbent-material seg-
ments. According to one embodiment, a sanitation and/or
purification system may be activated to sanitize the absor-
bent-material segments and/or sections of the roll of con-
tiguous strips that were exposed to urine. The sanitation
and/or purification may comprise the application of ultra-
violet radiation, according to one embodiment.

In one embodiment, the urinalysis cassette may comprise
a sensor, optical sensor, and/or indicator to detect when the
roll of contiguous strips may be entirely transferred from the
first spool to the second spool. According to one embodi-
ment, a digital readout may activate a communications
network wherein a signal is generated to activate a motor
and/or turn the first and/or second spool in preparation for a
future urinary event. A motor may be used, in one embodi-
ment, to turn the first and/or second spool. In one embodi-
ment, an electrical source may activate the motor, one or
more nozzles to dispense a urine specimen and/or reagent, a
temperature control system, purification system, heater, fan,
desiccant dispenser, light source, and/or any other mecha-
nized or electrical apparatus comprised in the urinalysis
system.

FIG. 1 is a perspective view of a toilet 100, according to
one embodiment, including a urine-specimen-capture slit
102 and a toilet bowl 104. The urine-specimen-capture slit
102 may be positioned in between the water 106 and the
front of the toilet-bowl rim 108 such that a user may urinate
in a natural standing or sitting position and urine will be
dispensed onto the urine-specimen-capture slit 102. The
toilet 100 may be comprised of porcelain, ceramic, plastic,
glass, metal, and/or any other suitable material.

FIG. 2A is an overhead view of a toilet 100, according to
one embodiment, with a urine-specimen-capture slit 102.
The toilet 100 may comprise a seat 210 that rests upon the
toilet-bowl rim (see FIG. 1). A flange 212 within the toilet
bowl 104 may form the contours of the urine-specimen-
capture slit 102.

FIG. 2B is an overhead view of the toilet 100 of FIG. 2A,
in which the urine-specimen-capture slit (see FIG. 2A) is cut
out to expose a urinalysis cassette 214. The urinalysis
cassette 214 may include a multitude of absorbent-material
segments 216 positioned on the surface of a roll of contigu-
ous strips 218. The urinalysis cassette 214 may also house a
first spool 220 and a second spool 222.

FIG. 3Ais a frontal view of a toilet 100, according to one
embodiment, with a flap 324 to access the urinalysis cassette
(see FIG. 2B). The flap 324 may be opened with a button
326, or may open from the insertion from the urinalysis
cassette (see F1G. 2B) itself. The flap 324 may be positioned
below the curvature of the toilet bowl 104.
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FIG. 3B is a frontal-cross-sectional view of one embodi-
ment of the toilet 100 of FIG. 3A, with a magnified view of
a urinalysis cassette 214. The toilet 100 may include a
housing 328 attached to a nozzle 330, from which a urine
specimen 332 may be dispensed. The housing 328 may be
positioned between a flange 212 and the toilet bowl 104, and
within the urine-specimen-capture slit 102. The urinalysis
cassette 214 may include a first spool 220 and a second spool
222, which may rotate and move a roll of contiguous strips
218. The roll of contiguous strips 218 may include a
plurality of absorbent-material segments 216 on the surface.

FIG. 4A is a cross-sectional view of a urinalysis cassette
214, according to one embodiment, with a first spool 220
and a second spool 222. A plurality of absorbent-material
segments 216 take the form of protuberances on the surface
of the roll of contiguous strips 218. The nozzle 330 may
dispense a urine specimen 332 onto one or more absorbent-
material segments 216 comprising reagent-imbued protru-
sions 417A. The reagent-imbued protrusions 417A may
become colored protrusions 417B, which may depend on the
chemical reaction between the urine specimen 332 and the
color-change reagent. A light source 434 may emit light 436
onto the colored protrusions 417B to measure reflectivity of
specific color wavelengths.

FIG. 4B is a cross-sectional view of the urinalysis cassette
214 of FIG. 4A, with absorbent-material segments 216 in the
form of dimples in the roll of contiguous strips 218. The
nozzle 330 may dispense a urine specimen 332 onto one or
more absorbent-material segments 216 comprising reagent-
imbued dimples 417C. The reagent-imbued dimples 417C
may become colored protrusions 417D based on the chemi-
cal reaction between the urine specimen 332 and the color-
change reagent. A light source 434 may emit light 436 onto
the colored protrusions 417D to measure the reflectivity of
specific color wavelengths.

FIG. 5A is an overhead view of one embodiment of a
urinalysis cassette 214, in which absorbent-material seg-
ments 216 take the form of protuberances on the surface of
the roll of contiguous strips 218. The urinalysis cassette 214
may include a first spool 220 and a second spool 222, with
a nozzle 330 in between. The absorbent-material segments
216 leave the first spool 220 as reagent-imbued protrusions
417A, but become colored protrusions 4178 after the nozzle
330 dispenses urine upon the reagent-imbued protrusions
417A. A light source 434 may be used to measure the
reflectivity of specific color wavelengths from the colored
protrusions 417B.

FIG. 5B is an overhead view of the urinalysis cassette 214
of FIG. 5A, in which absorbent-material segments 216 take
the form of dimples on the roll of contiguous strips 218. The
urinalysis cassette 214 may include a first spool 220 and a
second spool 222, with a nozzle 330 in between. The
absorbent-material segments 216 leave the first spool 220 as
reagent-imbued dimples 417C, but become colored dimples
417D after the nozzle 330 dispenses urine upon the reagent-
imbued dimples 417C. A light source 434 may be used to
measure the reflectivity of specific color wavelengths from
the colored dimples 417D.

FIG. 6 is a perspective view of one embodiment of a
rotation mechanism 638 for rotational coordination of a first
spool 220 and second spool 222. In one embodiment, the
rotation mechanism 638 may include a connecting rod 640
may connect the first spool 220 to the second spool 222, such
that movement of one spool around an axis 642 conse-
quently turns the other spool.

FIG. 7 is a cross-sectional view of a urinalysis cassette
214 comprising a reagent-temperature-control system 744,
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according to one embodiment. The reagent-temperature-
control system 744 may release hot or cold air from one or
more vents 746. The roll of contiguous strips 218 may be
incubated at a specified temperature such that the color-
change reagent on the absorbent-material segments 216 may
interact with the urine specimen 332 under controlled con-
ditions.

FIG. 8 is a perspective view of one embodiment of a
urinalysis cassette 214 comprising a heat source 848 to
apply heat 850 to moist absorbent-material segments 216
and/or wet portions of a roll of contiguous strips 218. The
heat 850 from the heat source 848 may be used to dry the
portion of the roll of contiguous strips 218 that was exposed
to a urine specimen 332 and winds around the second spool
222.

FIG. 9 is a perspective view, according to one embodi-
ment, of a urinalysis cassette 214 with a desiccant dispenser
952. The desiccant dispenser 952 may release a desiccant
954 onto the second spool 222 of the urinalysis cassette 214.
The desiccant 954 may dry the moist absorbent-material
segments 216 and/or wet portions of the roll of contiguous
strips 218.

FIG. 10 is a perspective view of one embodiment of a
toilet 100 with a user interface 1056, in which a screen 1058
provides a digital readout 1060 of urinalysis results. The
user interface 1056 may, according to one embodiment, be
attached to the toilet 100. The screen 1058 of the user
interface 1056 may show any number of tests and/or results
that may be detected via urinalysis. The digital readout 1060
may include and/or show comparisons to previous tests,
and/or baseline levels.

Reference throughout this specification to “an embodi-
ment” or “the embodiment” means that a particular feature,
structure or characteristic described in connection with that
embodiment is included in at least one embodiment. Thus,
the quoted phrases, or variations thereof, as recited through-
out this specification are not necessarily all referring to the
same embodiment.

Similarly, it should be appreciated that in the above
description of embodiments, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure.
This method of disclosure, however, is not to be interpreted
as reflecting an intention that any claim requires more
features than those expressly recited in that claim. Rather, as
the following claims reflect, inventive aspects lie in a
combination of fewer than all features of any single fore-
going disclosed embodiment. Thus, the claims following
this Detailed Description are hereby expressly incorporated
into this Detailed Description, with each claim standing on
its own as a separate embodiment. This disclosure includes
all permutations of the independent claims with their depen-
dent claims.

It will be apparent to those having skill in the art that
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the invention. Embodiments of the invention in
which an exclusive property or privilege is claimed are
defined as follows.

The invention claimed is:

1. A toilet, comprising:

a urinalysis cassette, wherein a roll of contiguous strips
subject to one or more color-change reagents is rolled
onto a plurality of spools;

a first spool for distributing a pre-wound roll of contigu-
ous strips;
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a second spool for receiving and storing strips distributed
from the first spool,

a light emitter, wherein light projects onto the strips;

alight-wavelength sensor, wherein colors on the strips are
detectable;

a sensor, optical signal, and/or indicator to detect when
the roll of contiguous strips are entirely transferred
from the first spool to the second spool;

a urine-specimen-capture slit disposed within the toilet
bowl;

a nozzle, wherein the nozzle is disposed within the
urine-specimen capture slit;

a housing compartment for the urinalysis cassette located
below a toilet bowl, the housing compartment com-
prising an orifice for receiving a urine sample, wherein
the orifice is adjacent to the nozzle, wherein the nozzle
is in fluid connection with the urine specimen-capture-
slit and the orifice; and

a wireless communications network for transmitting uri-
nalysis results as a digital readout.

2. The toilet of claim 1, wherein the roll of contiguous
strips is comprised of one or more absorbent-material seg-
ments on a surface of the contiguous strips.

3. The toilet of claim 1, wherein the roll of contiguous
strips comprises an exposed strip segment that traverses a
gap situated between the first spool and the second spool.

4. The toilet of claim 3, wherein the urinalysis cassette
comprises a mechanism by which the first and second spools
synchronously rotate a previously-specified set of degrees
such that once the urinalysis of the exposed strip segment is
complete, a new segment of the roll of contiguous strips
traverses the gap situated between the first spool and the
second spool.

5. The toilet of claim 1, further comprising an electrical
power source.

6. The toilet of claim 1, further comprising one or more
light sources such as light-emitting diodes, photodiodes,
and/or cameras, which comprise a broadband source, a
tunable narrowband filter, and/or several narrowband emit-
ters.

7. The toilet of claim 1, further comprising a temperature
control system for controlling ambient temperature near the
roll of contiguous strips during chemical reactions.

8. The toilet of claim 1, further comprising a heat source
to locally heat a portion of the roll of contiguous strips that
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is received onto the second spool such that a strip segment
previously exposed to urine evaporates any moisture
retained in the strip segment.

9. The toilet of claim 1, further comprising a desiccant,
which is applied to a strip segment previously exposed to
urine such that a portion of the roll of contiguous strips that
is received onto the second spool is dried.

10. The toilet of claim 1, wherein the urinalysis cassette
comprises a sanitation and/or purification system for sani-
tizing segments of the roll of contiguous strips that were
exposed to urine.

11. The toilet of claim 1, further comprising a mechanism
to produce a digital readout of a chemical reaction produced
between urine and one or more color-change reagents.

12. The toilet of claim 1, further comprising computer
storage memory wherein the digital readouts are stored.

13. The toilet of claim 1, further comprising a user
interface, wherein urinalysis results and/or comparisons are
conveyed via a visual signal and/or representation.

14. The toilet of claim 1, wherein the urinalysis cassette
is removable such that the cassette is inserted into and/or
accessed from the housing compartment located below the
toilet bowl.

15. The toilet of claim 1, further comprising one or more
nozzles located between the toilet bowl and the roll of
contiguous strips such that urine passes through the one or
more nozzles before coming into contact with the roll of
contiguous strips.

16. The toilet of claim 15, wherein the one or more
nozzles further comprises piezoelectric inkjet pumps, or
similar nonthermal microdispensers for dispensing color-
change reagent.

17. The toilet of claim 1, further comprising a housing
wherein one or more movable and/or rotatable nozzles are
attached.

18. The toilet of claim 1, comprising a motor that rotates
the first spool and/or second spool such that a portion of the
roll of contiguous strips is dispensed from the first spool and
received by the second spool.

19. The toilet of claim 1, wherein the wireless commu-
nications network further comprises a signal produced by
the digital readout to activate the motor and/or move the first
spool and/or second spool in preparation for a future urinary
event.
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