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TOILET SEAT ASSEMBLY WITH CLEANING SYSTEM

Inventor:

Jason Thorne

TECHNICAL FIELD

[0001] This application is generally directed to toilet seats and methods for cleaning a toilet.

More specifically, this application is directed to a toilet seat with a cleaning system.

BACKGROUND

[0002] Most toilets include both a toilet seat and a toilet lid designed to cover the toilet bowl.
The user can lift the lid and the seat by hand and return them in the same manner. Mechanical
devices exist for automatically lifting toilet lids and seats, but they are bulky, lack aesthetic

appeal, and are often difficult to install and maintain.

SUMMARY
[0003] In one aspect, a toilet seat assembly includes a toilet seat and a lid attached to a base
and movable between a closed position and an open position. A cleaning assembly is at least
partially housed in the base and includes a cleaning cassette configured to contain a cleaner in
liquid or solid form, valves used to control flow of water between a mains water supply and a
bowl of the toilet. A processor controls operation of the valve assembly to direct water as
needed for the cleaning process. The processor can be housed in the base, which also includes a
power supply and a user interface, in accordance with some embodiments.
[0004] In one example, water can be directed to clean portions of the toilet bowl, seat, and
lid. In one such embodiment, the water passes through the cleaning cassette containing liquid or
solid cleaner (e.g., bleach, a bleach tablet, a surfactant, etc.) such that a cleaner is added to the
water entering the bowl. An aqueous cleaning solution can be sprayed onto targeted regions of
the toilet bowl in addition to being sprayed onto the toilet seat and rim, for example.
[0005] In another aspect, a toilet seat assembly has a seat and lid that can be automatically
raised and lowered using water provided by the mains water supply. The assembly can include

or omit the cleaning assembly. In one embodiment, the toilet seat assembly includes a toilet seat
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and lid, the toilet seat and lid each have a hinge portion operably connected to the hinge
assembly that is operable at least in part with water pressure provided by the mains water supply.
For example, the hinge assembly includes a hydraulic cylinder arranged so that the mains water
supply moves the cylinder piston to raise the seat and/or lid. Lowering the seat and/or lid can be
accomplished with a return force on the piston provided by water pressure, a spring, gravity
acting on the seat/lid, or some other force or combination or forces.

[0006] In one embodiment, a hydraulic cylinder has a first volume on one side of the piston
and a second volume on the opposite side of the piston. A first valve is operable to open and
close the water supply to the hydraulic cylinder from the mains water supply. A second valve is
operable to drain water from the hydraulic cylinder when the first valve is closed. By opening
the first valve, water is directed to the first volume of the hydraulic cylinder to advance the
piston in a first direction while engaging the hinge portion of the toilet seat and/or lid. In doing
so, the seat and/or lid can be raised as desired. In one example, the piston includes a cam
follower on its distal end. As the piston advances axially through the hydraulic cylinder, the
cam follower engages a cam pathway in the hinge portions of the toilet seat and/or lid. From the
raised position, water can be drained from the first volume and supplied to the second volume to
move the piston in an opposite to lower the raised seat and/or lid. When the assembly is
configured with automatic cleaning, the water from the hydraulic cylinder can be used for
cleaning operations.

[0007] One or more sensors located on the toilet seat assembly can be used to trigger
operation of the valves to automatically open or close the seat and/or lid. For example, a sensor
on the lid, seat, or other portion of the assembly can sense movement or proximity of a user.
The sensor signal is processed at the processor to operate the valves and open the lid. A second
sensor can detect a gesture or other input to open the seat. After the user leaves the toilet, the
sensor(s) signal received at the processor is used to close the seat and lid as needed.

[0008] A method of raising and lowering a toilet lid and set is also disclosed. Further, a
method of cleaning a toilet and seat assembly is also disclosed.

[0009] The features and advantages described herein are not all-inclusive and, in particular,
many additional features and advantages will be apparent to one of ordinary skill in the art in
view of the drawings, specification, and claims. Moreover, it should be noted that the language
used in the specification has been selected principally for readability and instructional purposes

and not to limit the scope of the disclosed subject matter
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 illustrates a top and rear perspective view of a toilet seat assembly showing
components of an operation and cleaning system, in accordance with an embodiment of the
present disclosure.
[0011] FIG. 2 illustrates a front and side perspective view of the toilet seat assembly of
FIG. 1.
[0012] FIG. 3 illustrates a front perspective view of a toilet seat assembly showing the lid
and seat in a raised position and some components removed from the housing, in accordance
with an embodiment of the present disclosure.
[0013] FIG. 4 illustrates a front perspective view of a toilet equipped with a toilet seat
assembly, in accordance with an embodiment of the present disclosure.
[0014] FIG. 5 illustrates a top, side, and front perspective view of part of a toilet seat
assembly showing components of a hinge assembly and a cleaning assembly, in accordance with
an embodiment of the present disclosure.
[0015] FIG. 6 illustrates a front view of a cross-section taken through the hinge assembly of
a toilet seat assembly, in accordance with an embodiment of the present disclosure.
[0016] FIG. 7 illustrates a top and rear perspective view of a hinge assembly and valve
assembly, in accordance with an embodiment of the present disclosure.
[0017] FIG. 8 illustrates a front cross-sectional view of a hydraulic cylinder, in accordance
with an embodiment of the present disclosure.
[0018] FIG. 9 illustrates a bottom and front perspective of part of a toilet seat assembly
showing an example connection to the mains water supply and portions of the hydraulic cylinder
and cleaning assembly, in accordance with an embodiment of the present disclosure.
[0019] FIG. 10 illustrates a perspective view of a valve assembly that includes four valves,
in accordance with an embodiment of the present disclosure.
[0020] FIG. 11 illustrates a front perspective view of a toilet seat assembly with the lid and
seat in an open position, in accordance with an embodiment of the present disclosure.
[0021] FIG. 12 illustrates a perspective view of a toilet seat assembly with a removable
cleaning cassette shown removed from the assembly, in accordance with an embodiment of the
present disclosure.
[0022] FIG. 13 illustrates a top perspective view of cleaning cassette and plunger valve
shown partially cut away to reveal internal components, in accordance with an embodiment of

the present disclosure.
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[0023] FIG. 14 illustrates a top and rear perspective view of a cleaning cassette and plunger
valve shown partially cut away, in accordance with an embodiment of the present disclosure.
[0024] FIG. 15 illustrates a rear, cross-sectional view of a maze portion of a cleaning
cassette, in accordance with an embodiment of the present disclosure.

[0025] FIG. 16 illustrates a top and rear perspective view of a cleaning assembly, in
accordance with an embodiment of the present disclosure.

[0026] FIG. 17 illustrates a front perspective view of part of a cleaning assembly, in
accordance with an embodiment of the present disclosure.

[0027] FIG. 18 illustrates a top perspective view showing portions of a cleaning assembly
and inlets from a valve assembly and cleaning cassette, in accordance with an embodiment of
the present disclosure.

[0028] FIG. 19 illustrates a top section view of a cleaning assembly, where the section is
taken along a horizontal plane through the cleaning assembly, in accordance with an
embodiment of the present disclosure.

[0029] FIG. 20 illustrates a top perspective view of a cleaning assembly, in accordance with
another embodiment of the present disclosure.

[0030] FIG. 21 illustrates a front perspective view of a toilet seat assembly with the lid in an
open position, in accordance with an embodiment of the present disclosure.

[0031] FIGS. 22A and 22B illustrate front views of a toilet equipped with a toilet seat
assembly and show example sensing regions of sensors, in accordance with an embodiment of
the present disclosure.

[0032] FIG. 23 illustrates a front view of a toilet equipped with a toilet seat assembly and
shows example sensing regions of a sensor, in accordance with an embodiment of the present
disclosure.

[0033] FIG. 24 illustrates a top view of a toilet seat assembly and shows buttons of the user
interface, in accordance with an embodiment of the present disclosure.

[0034] FIG. 25 illustrates a flow diagram showing processes in a method of controlling a
toilet seat assembly, in accordance with an embodiment of the present disclosure.

[0035] FIG. 26A illustrates a front perspective view of a toilet seat assembly including a lid,
toilet seat, and a shroud, in accordance with another embodiment of the present disclosure.
[0036] FIG. 26B illustrates a front perspective view of the toilet seat assembly of FIG. 26A
showing the lid and seat in a closed position, in accordance with an embodiment of the present

disclosure.
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[0037] FIG. 26C illustrates the toilet seat assembly of FIG. 26A installed on a toilet with the
lid in an open position, in accordance with an embodiment of the present disclosure.

[0038] FIG. 27 illustrates a perspective cross-sectional view of part of a toilet seat assembly
and toilet bowl showing the relationship between a shroud and the toilet seat, in accordance with
an embodiment of the present disclosure.

[0039] FIG. 28 illustrates a side view of part of a toilet and toilet seat assembly showing
example spray directions of a cleaning assembly, in accordance with an embodiment of the
present disclosure.

[0040] FIG. 29 illustrates a schematic diagram showing components of a toilet seat
assembly, in accordance with an embodiment of the present disclosure.

[0041] FIG. 30 illustrates a top view of a four-valve assembly, in accordance with an
embodiment of the present disclosure.

[0042] FIGS. 31-37 illustrate schematic diagrams showing the toilet seat assembly in various
stages of operation, in accordance with some embodiments of the present disclosure.

[0043] FIG. 38 illustrates a flow diagram showing example processes in a method of
cleaning a toilet, in accordance with some embodiment of the present disclosure.

[0044] FIG. 39 illustrates a flow diagram showing example processes in a method of
opening and closing a toilet seat assembly, in accordance with some embodiments of the present
disclosure.

[0045] The figures depict various embodiments of the present disclosure for purposes of
illustration only. Numerous variations, configurations, and other embodiments will be apparent
from the following detailed discussion. Furthermore, as will be appreciated, the figures are not
necessarily drawn to scale or intended to limit the described embodiments to the specific

configurations shown.

DETAILED DESCRIPTION
[0046] A toilet seat assembly includes lifting and closing functions for the lid and seat as
well as cleaning functions, in accordance with an embodiment of the present disclosure. In some
embodiments, the toilet seat assembly can automatically open and close the lid and/or seat of the
toilet without user contact, allowing the user to avoid touching the lid or seat with the hands
before and after using the toilet. The apparatus can also automatically close the lid after use, to

assure that the seat and/or lid is not left in the raised position. In one example, the lid and/or seat
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is raised using a hydraulic cylinder driven at least in part by mains water pressure. Valves
control the flow of water to the cylinder to raise or lower the seat and lid as needed.

[0047] In some embodiments, access to mains electricity is not required to raise or lower the
seat. Instead, pressurized water provided by the mains water supply is used in a hydraulic
cylinder. Electricity to power a control circuit, for actuating valves, and for operating sensors,
for example, can be provided by a battery or other stored charge. The drive and control portion
of the assembly can be positioned horizontally along the back of the toilet seat adjacent the tank.
When installed on a toilet, for example, the housing can be constructed to fit within the space
available between the tank and the rear edge of the bowl of existing toilets and also does not
require components that hang or suspend from sides of the toilet.

[0048] Operational modes allow only the lid to be raised or both the lid and seat to be raised.
Either the lid or both of the seat and lid may be returned to a closed position when the user
departs. The action of the seat and lid may be controlled by a sensor, such as a motion sensor
that triggers the action of the lid and/or seat when a user approaches the toilet, or an infrared
sensor that senses a particular motion or gesture by the user. In one example, raising the seat
can be triggered by an action separate from that used to raise the lid, such as waving a hand over
the top of the lid when the lid is in an open position.

[0049] In another embodiment, the assembly includes a cleaning system that provides
touchless cleaning of the bowl, the seat, and/or the lid in response to user input or according to
programmed intervals. The cleaning system allows the user to avoid contact with the lid or seat
in order to maintain a clean toilet seat, bowl, and lid, in accordance with some embodiments. In
one example, water used to drive the hydraulic cylinder is flushed through a cassette containing
a cleaning solution or solid, and then is sprayed into the toilet bowl. In other embodiments, the
cassette can be a replaceable container with an outlet in fluid communication with the liquid
pathway to the toilet. In some such embodiments, a Venturi valve, jet pump eductor, syringe
pump, or other pump, can be employed to draw liquid cleaning solution from the cassette. The
outlet to the toilet bowl can include one or more nozzles to provide a stream, fan, mist, or other
spray of cleaning solution into the toilet bowl. In some embodiments, the cleaning system
includes a piezoelectric or ultrasonic spray nozzle to dispense a mist onto portions of the seat
and lid.

[0050] In some embodiments, the cleaning system includes valves that control water flow to
the hydraulic cylinder and to the toilet bowl. By operating certain combinations of valves, water
from the mains supply, from the hydraulic cylinder, or both, can be used to clean the toilet bowl

with a pressurized jet of cleaning solution. For example, water exiting the hydraulic cylinder
6
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can pass through a cleaning cassette containing bleach or some other cleaning product to add the
cleaning product to the stream of water used to clean the toilet. Cleaning solution can also be
directed to a piezoelectric spray nozzle to mist portions of the seat and lid.

[0051] The toilet seat assembly need not be brand specific and can be provided as an
aftermarket part that can be installed by the consumer on new or existing toilets. For example,
the toilet seat assembly can be configured to fit standard round or elongated toilets. The
apparatus for raising the lid and seat may be integral to the lid and seat and can be sold as a
package. In many cases, the toilet does not need to be retrofitted in any way, and the seat and lid
can be replaced similarly to conventional methods using bolts that extend through the toilet. In
some cases, the user tightens two bolts to connect the seat assembly to the toilet as is
conventionally required when installing a new seat. The user can then connect the apparatus to
the mains water supply, such as by installing a T-fitting between the mains water line and the
toilet tank. Numerous variations and embodiments will be apparent in light of the present

disclosure.

(GENERAL OVERVIEW

[0052] Existing toilet seat assemblies typically include a seat and a lid that can be attached to
the toilet by a pair of bolts extending through the toilet. The user manually opens and closes the
seat and lid, which requires hand contact with the toilet seat. Men sometimes use the toilet with
the seat raised and women always use toilets with the seat down. Some men don’t like to touch
the dirty toilet seat to raise or lower the seat and sometimes forget to lower the seat after using
the toilet. Women may get upset if a toilet seat is left in the raised position or if urine is on the
seat. In any event, people generally dislike touching, interacting with, or cleaning toilets and
toilet seats.

[0053] One approach to raising and lowering a toilet seat is an electrically operated seat for
toilets and bidets. However, such seats are expensive and need specialized installation that
includes connecting the toilet to the mains power supply. These seats also do not address
cleaning the toilet bowl, the seat, or the lid.

[0054] Existing approaches to cleaning a toilet include manually spraying a cleaner onto
portions of the bowl and seat assembly using a spray bottle with liquid cleaner or a bottle with
an angled dispensing tip to apply a gel or liquid cleaner under the rim of the toilet bowl. Such
approaches may assist the user in applying the cleaner, but scrubbing or other further action is
generally required. Another cleaning approach includes placing a slowly dissolving bleach or
disinfectant tablet into the toilet tank. This approach only addresses surface cleaning and the

7
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chemicals used in the tablet often destroy seals in the toilet tank. Yet another approach includes
hanging a cleaning solid on the inside of the toilet bowl so that water mixes with and dissolves
part of the solid during each flush. Such containers hanging into the toilet bowl are perceived as
unsightly and the hanging apparatus may itself become disgusting and unsanitary.

[0055] Accordingly, a need exists for a toilet seat that can automatically raise and lower
without user contact. A need also exists for a system that cleans portions of a toilet, such as the
bowl, the seat, and the lid, without contact by the user. The present disclosure addresses these

needs and others.

STRUCTURE AND OPERATION

[0056] FIGS. 1-4 illustrate various views of a toilet seat assembly 100 that includes a toilet
seat 102, a lid 104, and a hinge assembly 110 operably connected to the seat 102 and lid 104, in
accordance with some embodiments of the present disclosure. FIGS. 1 and 2 are rear and front
perspective views, respectively, showing the seat 102 and lid 104 in a closed position and part of
the housing 112 removed to reveal components of the hinge assembly 110. FIG. 3 is a front
perspective view of a toilet seat assembly 100 showing the seat 102 and lid 104 in a raised or
open position, and showing a processor 105, a cleaning cassette 106, and energy source 108
(batteries) removed from the hinge assembly 110. FIG. 4 is a front perspective view showing an
example embodiment of the toilet seat assembly 100 installed on a toilet 50. Note that in some
embodiments, the lid 104 is optional.
[0057] The seat 102 and lid 104 are constructed for installation on a toilet 50 that includes a
tank 52 and bowl 54, such as shown in FIG. 4. The seat 102 and lid 104 are attached to the
hinge assembly 110 and are operable between an open position and a closed position. The seat
102 includes a seat hinge portion 102a and the lid 104 includes a lid hinge portion 104a. The
hinge portions 102a, 104a are arranged coaxially with the hydraulic cylinder 114, which is
discussed below. The hinge assembly 110 extends horizontally along the back of the seat 102
and lid 104 and is positioned adjacent the base of the tank 52. In some embodiments, the
housing 112 includes a vertical wall or flange 113 along the back of the hinge assembly 110 to
direct any leaks into the toilet bowl 54 rather than towards the tank 52.
[0058] As with traditional seat assemblies, the seat 102 is constructed to provide a place for
the user to sit while using the toilet 50 and the lid 104 covers the opening (not shown) in the seat
102 when closed. The lid 104 can be opened independently of the seat 102, and when the seat
102 is opened, it may be opened at the same time or subsequent to opening the lid 104.
Similarly, the seat 102 can be closed independently or together with the lid 104. In some

8
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embodiments, such as shown in FIG. 3, the lid 104 includes a shroud 101 that extends vertically
below the top of the seat 102 when the seat 102 and lid 104 are closed. The shroud 101
generally has an annular shape consistent with that of an opening of the toilet seat 102. When
the lid 104 is closed, the shroud 101 blocks the seat 102 from getting wet during cleaning cycles
and also blocks cleaning solution passing through a gap (if any) between the seat 102 and bowl
54. For example, the shroud 101 connects to and extends from a bottom surface of the lid 104
and extends vertically down towards the bowl 54 when the lid 104 is closed. During a cleaning
cycle, for example, the cleaning solution can be sprayed or otherwise directed in various
directions, including towards the lid 104, without leaving the toilet 50 or wetting the seat 102.
In another example, the shroud 101 is a separate component either between the seat 102 and lid
104 or between the seat 102 and bowl 54.

[0059] In other embodiments, the seat 102 forms a liquid-tight interface with the rim 56 of
the toilet bowl 54 and the lid 104 forms a liquid-tight interface with the seat 102, such as by a
gasket between the rim 56 and seat 102. In other embodiments, the seat 102 may be elevated by
standoffs (not shown) slightly above the rim 56 of the toilet 50 when closed. Numerous
variations and embodiments will be apparent in light of the present disclosure.

[0060] The toilet seat assembly 100 has a housing 112 that contains components used to
operate the toilet seat assembly 100, including a stored energy source 108 (e.g., batteries) and a
processor 105 or printed circuit board assembly (PCBA). In one embodiment, the hinge
assembly 110 includes a hydraulic cylinder 114 that uses water pressure of the mains water
supply to advance a rod or piston to open or close the seat 102 and lid 104. In other
embodiments, the hydraulic cylinder 114 can be operated at least in part with compressed gas, a
spring, or a motor.

[0061] In this example, the seat includes a seat hinge portion 102a and the lid 104 includes a
lid hinge portion 104a. As the piston 140 advances from a starting position, it moves laterally
and engages the lid hinge portion 104a, then the seat hinge portion 102a to open the lid 104 and
seat 102. Water from the pressurized main water supply is fed to valve assembly 117 via a
conduit 122. In some embodiments, the conduit 122 extends through a hollow bolt 124 used to
secure the assembly 100 to the bowl 54 via through-holes that are provided in conventional
porcelain and other toilets. In one embodiment, the hollow bolt 124 defines part of the conduit
122, where the water supply can be connected to a lower end of the hollow bolt 124, for
example. In other embodiments, the hollow bolt 124 defines a passageway that is sized to
receive the conduit 122 (e.g., tubing or pipe) therethrough to connect the mains water supply to

the valve assembly 117. Optionally, a filter, such as a mesh filter, may be included in the
9
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conduit 122 or other location to trap debris. A second bolt 126 extends from the bottom of the
opposite side of the housing 112, where the bolts 124, 126 are positioned and spaced for
through-openings on the bowl 54. Optionally, one or both bolts 124, 126 has freedom to move
side to side and/or front to back to accommodate different spacings of mounting holes, different
sized toilet bowls 54, or other variations, as will be appreciated. In one embodiment, tubing 128
and one or more splitters 130 and other fittings are used to direct the water to the valve assembly
117, to the hydraulic cylinder 114, and to the cleaning cassette 106. In other embodiments, the
hydraulic cylinder 114 can have two inlets, each inlet connected with tubing to a different
source.
[0062] In some embodiments equipped with a cleaning function, the housing 112 can be
configured to retain a cleaning cassette 106 that is removable or replaceable and that contains a
disinfectant, a surfactant, toilet bowl cleaner, bleach, or other suitable cleaning product 164 in
liquid or solid form. In some embodiments, the cleaning product 164 is or contains one or more
of a fragrance to assist in masking or neutralizing odors, a dye or the like to mask the color of
urine, or a product that establishes a thin film barrier on water in the toilet bowl to contain odors
and germs in the toilet water. The cleaning cassette 106 may contain a combination of cleaning
products 164 in liquid, solid, or both liquid and solid forms, in accordance with some
embodiments. Some variants of the cleaning product 164 can reduce the need to flush the toilet
as often, resulting in reduced water usage, as will be appreciated. In one such embodiment,
water in the hydraulic cylinder 114 passes through the cleaning cassette 106 to mix with or
otherwise draw the cleaning product into the water stream as it is dispensed into the toilet bowl
54. In one example embodiment, a Venturi valve connected to or otherwise in communication
with the cassette 106 draws liquid cleaning product 164 from the cassette 106 as water from the
hydraulic cylinder 114 passes to the toilet bowl 54.
[0063] As shown in dashed lines in FIG. 2, the seat 102 optionally includes a handle 109 that
can be selectively extended from the side of the seat 102 for manually raising or lowering the
seat 102. The lid 104 can be similarly equipped. In one example embodiment, the handle 109 is
stored in a pocket or other opening defined in the toilet seat 102. The handle 109 can be slidably
or pivotably mounted in the pocket, for example. In one embodiment, the handle 109 can be
pushed in and pulled out of the side of the seat 102 like a tray or drawer. In another example,
the handle 109 pivots about a hinge pin located adjacent a rear side of the opening and rotates
into or out from the opening. Optionally, the handle 109 operates as a push button with a spring
latch, where the user can push the handle 109 against spring pressure into the seat 102 to stow
the handle 109, and then push the stowed handle 109 to release it from the seat 102.

10



WO 2020/247380 PCT/US2020/035728

[0064] In more detail, FIGS. 5-6 illustrate a front perspective view and a rear cross-sectional
view, respectively, showing components of the hinge assembly 110, in accordance with an
embodiment of the present disclosure. Components used to direct water flow can be seen in
FIG. 5. As noted above, water can be supplied to the valve assembly 117 via conduit 122
extending through a hollow bolt 124. In one example, tubing 128 (e.g., metal, plastic, or flexible
polymer tubing) directs water into the first valve 118a where water is directed either to the
second valve 118b or to the hydraulic cylinder 114. Tubing 128a connected between the first
valve 118a and the hydraulic cylinder 114 can function as both an inlet and an outlet conduit in
some embodiments. The first valve 118a controls water flow into and out of the hydraulic
cylinder 114. The second valve 118b controls water flow exiting the hydraulic cylinder 114 to
the cleaning cassette 106 or toilet bowl 54 via tubing 128b. A third valve 118c controls water
flow from the hydraulic cylinder 114 either to the cleaning cassette 106 via tubing 128c or to the
toilet bowl 54 via the fourth valve 118d and nozzle 170. Example water flow and valve
positions are discussed in more detail below with reference to FIGS. 28-36. Note that valve
assembly 117 can be replaced with other equivalent combinations of valves and fittings, as will
be appreciated.

[0065] In some embodiments, the hydraulic cylinder 114 is operable with a valve assembly
117 that includes a first valve 118a and a second valve 118b. I n one such embodiment, the
hydraulic cylinder 114 can include a spring to assist in returning the cylinder to the start position
with cylinder empty of water. When only the first valve 118a is open, water can enter from the
water supply and pass into the hydraulic cylinder 114 to open the lid 104 and/or seat 102. When
both the first valve 118a and the second valve 118b are open, water can also flow to the cleaning
cassette 106. When only the second valve 118b is open, water may drain from the hydraulic
cylinder 114 through the second valve 132 to the cleaning cassette 106 or directly to the toilet
bowl 54, while closing the seat 102 and/or lid 104. Note that gravity acting on the closing seat
102 and/or lid 104 can be a contributing force that pushes water out of the hydraulic cylinder
114. Also note that a spring is not required and water pressure acting on the hydraulic cylinder
114 in the opposite direction can be used to operate the hydraulic cylinder 114 in the opposite
direction (e.g., to close the lid 104), in accordance with some embodiments. When both valves
118a, 118b are closed, the system maintains the status quo, whether the seat 102 and/or lid 104
are open or closed.

[0066] In some embodiments, valves 118 of the valve assembly 117 are solenoid valves.
Other suitable valves can be used, such as rotary-drive disk valves, motorized ball valves, and

the like. In some embodiments, some or all of the fittings 134 are quick connect fittings, such as
11
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a push-to-connect fitting. Other suitable fittings can also be used, such as quick connect/quick
disconnect fittings, barbed fittings, compression fittings, bayonet fittings, threaded fittings, and
solder fittings, to name a few examples. In one example embodiment, the tubing 128 is 6 mm
flexible polyurethane tubing and the fittings 134 are bite-type quick-connect fittings. Other
suitable tubing materials include nylon, fluorescein polymer, polyolefin, metal, and others. Also
note that valves 118 of the valve assembly 117 are shown as an integrated assembly; however, in
other embodiments, individual valves 118 and suitable plumbing between them can be used, as
will be appreciated. Numerous variations and embodiments will be apparent in light of the
present disclosure.
[0067] In some embodiments, the water flow and pressure to hydraulic cylinder 114 can be
controlled by one or more valves. For example, the speed of the filling of hydraulic cylinder 114
can be controlled by a separate valve that may be upstream of the first valve 118a or can be
downstream of the first valve 118a or of the hydraulic cylinder 114 itself. The one or more
valves 118 can be controllable so that, for example, the downstream pressure can be adjusted
and maintained and so that the amount of water fed to the hydraulic cylinder 114 can be
controlled. For instance, the feed to the hydraulic cylinder 114 may be maintained in a range of
from 15 to 25 psi (~100-170 KPa) and water may be fed to the hydraulic cylinder 114 in
increments of, for example, 1, 5 or 10 mL. The size of tubing 128 into and out of the hydraulic
cylinder 114 can be selected to provide the desired flowrates into and out of the hydraulic
cylinder 114, and in turn, to provide the desired opening and closing speeds of the seat 102 and
lid 104, as will be appreciated. The travel of piston 140 can be controlled, hydraulically or
otherwise, in continuous or stepwise increments of, for example, I mm, S mm or 1 cm. Such
function can be carried out by two valves, for example. In one such embodiment, the first valve
118a is configured to control downstream pressure over a broad range of upstream pressures,
and the first valve 118a can be opened and closed by a switch, such as solenoid. An additional
shuttle valve can be positioned downstream of the first valve 118a and configured to open or
close in response to the presence or absence of upstream pressure capable of shifting shuttle
valve against the return force on the piston 140 provided by water pressure, a spring, or other
return force or combination of forces.
[0068] Piston 140 may be sized to adequately provide a force sufficient to raise the seat 102
and lid 104 given standard mains water pressures such as, for example, 15, 20, 30 and 40 psi
(100 KPa, 150 KPa, 200 KPa, and 275 KPa). In some municipalities, normal water pressure is
about 40 to 45 psi (275 KPa — 310 KPa), but the pressure generally does not exceed 60 psi (~415
KPa). In some instances, the piston 140 may have a cross-sectional area that is greater than 5
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cm?, greater than 10 cm?, greater than 20 cm?, greater than 30 cm? or greater than 40 cm®. In
one example embodiment, the piston 140 has a cross-sectional area of about 5-10 cm?, including
7-9 cm?, or about 8 cm?. In the same and other embodiments, the piston 140 may have a cross-
sectional area less than 100 cm?, less than 50 cm?, less than 30 cm?, less than 20 cm? or less than
10 cm?. In embodiments that include a spring, the spring provides a force adequate to push the
piston 140 towards the starting position when it is no longer subjected to water pressure. The
spring may also exert force sufficient to allow the seat 102 and/or lid 104 to be closed from a
position greater than 90°, for example 110° with respect to rim 56 of the toilet bowl 54 or with
respect to the horizontal, as the case may be.

[0069] Referring to FIG. 6 a front view illustrates a cross-section taken through the
hydraulic cylinder 114, in accordance with an embodiment of the present disclosure. The
hydraulic cylinder 114 is operably connected to the toilet seat 102 and lid 104 such that
movement of the piston 140 through the hydraulic cylinder 114 moves the seat 102 and/or lid
104 between open and closed positions. As shown in FIG. 6, the hydraulic cylinder 114 is in a
start or zero position with the piston head 140a adjacent the first end 110a of the hinge assembly
110 and the cam body 148 towards an end of the lid hinge portion 104a. This position is an
example of one starting point for operating the toilet seat assembly 100. In the first position, for
example, both the seat 102 and lid 104 are closed. Although illustrated as extending horizontally
along the rear of the toilet seat assembly, the hydraulic cylinder 114 can be oriented horizontally
in a front-to-back position with respect to the toilet 50, or oriented vertically. For example, the
hinge assembly 110 can include a gear assembly (e.g., a rack and pinion, a sprocket, or a worm
drive) used to open and close the seat and lid, where piston 140 moves perpendicularly to the
hinge’s axis of rotation.

[0070] The hydraulic cylinder 114 houses a main cylinder 156 containing a piston 140 or
portions thereof. The piston 140 can move axially along an inside of the main cylinder 156 in
response to water pressure and/or spring force provided by spring 142. As noted above, water
can be supplied to the hydraulic cylinder 114 by a conduit 122 extending through a hollow bolt
124. Water supplied under pressure from the main water supply via tubing 128a (e.g., household
water supply) enters the hydraulic cylinder 114 at a first end 114a, where water pressure
displaces the piston 140 horizontally along an inside of the main cylinder 156 towards the
second end 110b of the hinge assembly 110. When water pressure is relieved, and/or a counter
force is applied, piston 140 returns toward the first end 110a of the hinge assembly 110.

[0071] In one embodiment, the piston 140 has a hollow cylindrical shape that receives part

of an inner cylinder, a rod, a shaft or piston guide 141. In some embodiments, the piston
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140houses a spring that provides a return force on the piston 140. The piston 140 need not be
truly cylindrical in all embodiments and instead can have an oval, hexagonal, octagonal,
rectangular, or other cross-sectional shape, as will be appreciated. In one embodiment, the
piston 140 moves along the inside of the main cylinder 156 and along a piston guide 141 that
engages a cam body 148 in or on the distal end 140b of the piston 140. In some embodiments,
the piston guide 141 has a T-shape, an H-shape, a rectangular ridge, a rail, or other geometry that
can be used to guide movement of the cam body 148 and prevent rotation of the piston 140 as the
cam follower 154 follows the helical pathway 158 in the lid hinge portion 104a and seat hinge
portion 102a, as will be appreciated.

[0072] In one example embodiment, the piston 140 moves about 40-50 mm (~1.5-1.75
inches) from the start or zero position (e.g., as shown in FIG. 6) to a first position A (shown in
FIG. 7), at which point the lid 104 is raised due to engagement between the cam follower 154
and the lid hinge portion 104a. The piston 140 moves an additional 40-50 mm from position A
to a second position B, at which point the seat 102 is also raised due to engagement between the
cam follower 154 and the seat hinge portion 102a. In one embodiment, the cam follower 154
rotates about 100-110°, such as 105°, as the cam body 148 moves from the start position to
position A (e.g., raising the lid 104), and about the same amount as the cam body 148 moves
from position A to position B (e.g., raising the seat 102). In other embodiments, the axial
movement of the cam body 148 from the zero position to the first position A and from the first
position A to the second position B can be different. The stop point for the the toilet seat and lid
in the open position can be selected to comply with industry standards and/or can be defined by
part of the toilet or other structure (e.g., the toilet tank), for example.

[0073] A cam body 148 on the distal end 140b of the piston 140 moves with the piston 140
along the hydraulic cylinder 114. As the piston 140 moves towards the second end 110b of the
hinge assembly 110, a cam follower 154 on the cam body 148 engages a helical pathway 158
defined in the lid hinge portion 104a and the seat hinge portion 102a, converting axial motion to
rotational motion to raise or lower the seat 102 and lid 104. In one embodiment, each of the
hinge portions 102a, 104a define a helical pathway 158 engaged by the cam follower154. As the
cam body 148 moves linearly along the piston guide 141, the rotational position of the cam
follower 154 is maintained and engagement between the cam follower 154 and the helical
pathway 158 on the hinge portions 104a, 102a, causes the lid 104 and seat 102 to rotate.

[0074] Hydraulic cylinder 114 can be made of any material capable of being exposed to
water and air without damage. For example, hydraulic cylinder 114 and its components may be

made of polymer or metal. Examples of suitable materials for the hydraulic cylinder 114 include
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acetal homopolymer known as Pom-H, including variants with or without a glass fiber filler,
aluminum, and stainless steel. Some such materials exhibit higher creep resistance. Example
materials for the inner cylinder 144 include nylon MDF with 25% glass filler. Such a material
has good resistance to moisture absorption. Example materials for the cam follower 148 include
nylon MDF, which desirable in some embodiments due to being soft and slippery. Components
can be molded, machined or extruded. Numerous variations and embodiments will be apparent
in light of the present disclosure.

[0075] In other embodiments, the hydraulic cylinder 114 uses a spring and a diaphragm. For
example, the piston 140 is advanced in one direction by a spring and is advanced in an opposite
direction by filling a diaphragm with pressurized water. When filled or partially filled with
water, the diaphragm provides a force to move the piston 140 against the return force of the
spring force. In yet other embodiments, the hydraulic cylinder 114 has a first diaphragm on one
side of the piston 140 and a second diaphragm on an opposite second side of the piston 140.
Filling the first diaphragm with water while draining water from the second diaphragm, or vice
versa, can be used to advance the piston 140, as will be appreciated.

[0076] FIG. 7 shows a top and rear perspective view of a hinge assembly 110 with part of
the housing 112 removed to show the hydraulic cylinder 114, in accordance with an embodiment
of the present disclosure. FIG. 8 illustrates a front perspective view showing a cross section of
the hydraulic cylinder 114. In these examples, the cam body 148 is in the zero position, at which
the seat 102 and lid 104 (not shown) are closed. Upon moving to first position A part way
towards the second end 110b of the hinge assembly 110, the lid 104 is raised and the seat 102
remains closed. Upon receiving the appropriate input, the controller opens the first valve 118a
to advance the piston 140 through the seat hinge portion 102a so that the cam follower 154
reaches second position B, at which point the seat 102 is also raised by action of the cam
follower 154 in the helical pathway 158. At the second position B, the first valve 120 again
closes to maintain the seat 102 and lid 104 in the open position. In some embodiments, when
the first and second valves 118a, 118b are closed, such as when the piston 140 stops at first
position A or second position B, the water is maintained in the hydraulic cylinder 114, so the
position of piston 140 is maintained and the positions of the seat 102 and lid 104 are also
maintained.

[0077] In some embodiments, the cam follower 154 can be used to prevent manual operation
of the lid 104 and seat 102, in certain situations. For example, in some embodiments, the cam
follower 154 is in clearance with the seat hinge portion 102a or lid hinge portion 104a when the

seat 102 and lid 104 are closed, allowing the user to manually open and close the toilet seat and
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lid. For example, at the zero position the cam follower 54 has not started to engage the helical
pathway 158 in the lid hinge portion 104a. In such position, the lid 104 and seat 102 can be
operated manually without engagement with the hydraulic cylinder 114. Optionally, the toilet
seat assembly 100 can include a lockout switch to prevent manual operation of the seat 102 or
lid 104 unless the system is the off state. In such an embodiment, the system can be turned off
and manually operated for cleaning. In one such embodiment, turning the system off returns the
hydraulic cylinder 114 to the zero position. In another example, when the cam follower 154 has
moved beyond the lid hinge portion 104a (e.g., first position A), and when the cam follower 154
is positioned at the second end 110b (e.g., second position B), the cam follower 154 engages the
seat hinge portion 102a to prevent manual operation of the seat 102 or lid 104 when the system
is turned on, in accordance with some embodiments. At first position A, for example, the cam
follower 154 engages the seat hinge portion 102a and prevents the user from closing the seat 102
manually when the system is in the “on” state.

[0078] In some embodiments, one or more switches 152 are located at certain locations
along the hydraulic cylinder 114 to signal or control opening or closing of valves when the cam
follower 154 or other portion of the piston 140 reach the position of the switch 152. Each switch
152 can be a mechanical disconnect, a sensor, or some other device used to control operation of
the valves 118, as will be appreciated. For example, as the cam follower 154 passes or reaches a
first switch 152 in a first direction, at which point the lid 104 is raised, the first valve 118a closes
to stop operation of the hydraulic cylinder 114. The first valve 118a may open again after the
system receives an input signal that allows the piston 140 to move towards the second end 110b
and raise the seat 102. Upon reaching the second end 110b, a second switch 152 detects the
position of the piston 140 and signals the processor 105 to close the first valve 118a. For
example, when the cam follower 154 reaches the second switch 152, the first and second valves
118a, 118b are closed to hold the seat 102 and lid 104 in the open position. Upon sensing an
appropriate input, the second valve 118b can be opened to allow the piston 140 to return to the
zero position and empty water from the hydraulic cylinder 114. The initial portion of return
movement of the piston 140 also lowers and seat 102. If the first switch 152 does not signal the
processor 105 to change the valve status as the cam follower 154 reaches the first switch 152,
the piston 140 will continue towards the first end 110a of the hinge assembly 110 and lower the
lid 104. Switches 152 can be configured to provide a setting where the system only raises the
seat 102 and always leaves the lid 104 open, or a setting where the system only raises the lid 104
and never the seat 102, for example. Numerous variations and embodiments will be apparent in

light of the present disclosure.
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[0079] Referring now to FIG. 9, a bottom and front perspective view illustrates part of a
hinge assembly 110 that includes a cleaning cassette 106 and a splitter 130 configured to receive
water from the mains water supply 60, in accordance with an embodiment of the present
disclosure. In this example, a conduit 122 is connected to splitter 130 extends through the
hollow bolt 124 that is used to secure the toilet seat assembly 100 to the toilet 50. In some
embodiments, operation of the hydraulic cylinder 114 and valve assembly 117 can provide water
used in part or in whole to flush the toilet. For example, water from the mains water supply 60
can be directed through the cleaning cassette 106 and to the bowl 54. The second valve
assembly 117 can be controlled to adjust the flow rate of water to the bowl 54 and the total
volume of water delivered to the bowl 54. In one embodiment, the water supplied to the bowl
supplements the water delivered from the tank 52 when the toilet 50 is flushed. In some
embodiments, the tank 52 is not used except for manually flushing the toilet. Accordingly, the
tank 52 may be optional.
[0080] In one example, the tank 52 is configured to provide water sufficient to flush urine
and other liquid waste. When the toilet is flushed after being used with both the lid 104 and seat
102 open, the processor 105 can be configured to use only the water supplied by the tank 52
during the flush cycle. On the other hand, for example, when only the lid is open during toilet
use, the processor may supplement the water supplied by the tank 52 with water supplied from
the mains water supply 60, such as to flush solid waste. In some embodiments, additional water
needed to flush solid waste can be supplied by the tank 52.
[0081] In another example, the processor 105 controls the valve assembly 117, and any
additional valves as needed, to provide water flow to the bowl 54 sufficient to flush either liquid
waste or solid waste. In some embodiments, water supplied through the conduit 122 may be the
only water used to flush the toilet (e.g., no water is supplied from the tank 52). In some such
embodiments, the processor 105 can control the volume of water used for the flush. For
example, the user may press a button by hand, push a button with the foot or leg, step on a mat,
provide an audible command, make a hand gesture, or other detectable action so that the
processor 105 initiates the appropriate flush cycle or other process. In another example, the
appropriate flush cycle for solid or liquid waste is initiated based at least in part by input from
one or more sensors. In yet other example, the appropriate flush cycle is determined by the
position of the seat 102 prior to initiating the flush cycle. Numerous variations and
embodiments will be apparent in light of the present disclosure.
[0082] Referring now to FIG. 10, a perspective view illustrates a valve assembly 117 that
includes a first valve 118a and a second valve 118b, a third valve 118c, and a fourth valve 118d,
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in accordance with an embodiment of the present disclosure. In this example, the first valve
118a controls water supplied to the hydraulic cylinder 114 and the second valve 118b controls
water draining from the hydraulic cylinder 114. The third valve 118c controls water flow to the
cleaning cassette 106, and the fourth valve 118d controls water flow to the toilet bowl 54. Some
or all of the valves can be a two-way, a three-way valve, or other type of valve as needed.
Example positions of valves 118 of valve assembly 117 are discussed in more detail below with
reference to FIGS. 28-36.

[0083] FIG. 11 illustrates a front view of a toilet 50 equipped with a toilet seat assembly 100
that includes a cleaning cassette 106, in accordance with an embodiment of the present
disclosure. In this example, water from the hydraulic cylinder 114 (not visible) passes into the
cleaning cassette 106 and is flushed out of the cleaning cassette 106 and into the bowl 54
through nozzles 170 or other suitable openings, for example. In one such embodiment, the water
exiting the cleaning cassette 106 is delivered into the bowl 54 in a pressurized stream or jet that
disturbs the water in the bowl 54 and aids in cleaning.

[0084] FIG. 12 is a perspective view showing toilet 50 and toilet seat assembly 100 of FIG.
11 with the cleaning cassette 106 removed from the housing 112. In this example, the cleaning
cassette 106 is removable so that the user can refill the cassette 106 with additional cleaning
product 164. For example, the user may provide cleaning product 164 in solid or liquid form,
such as bleach, detergent or detergent boosters, ammonia, vinegar, tea tree oil, or other suitable
cleaner. As discussed above, water from the hinge assembly 110 can be plumbed to pass
through the cleaning cassette 106 or to draw cleaning product 164 from the cleaning cassette 106
on the way to the toilet bowl 54. Numerous variations and embodiments will be apparent in
light of the present disclosure.

[0085] Referring now to FIGS. 13-19, a cleaning assembly 200 that includes a cleaning
cassette 106 with a maze 215 is shown, in accordance with an embodiment of the present
disclosure. FIG. 13 illustrates a top, side, and rear perspective view of the cleaning assembly
200, where the cleaning assembly is partially cut away to reveal details of the inside, in
accordance with one embodiment. FIG. 14 illustrates front and opposite side perspective view
of the cleaning assembly 200 shown partially cut away. FIG. 15 illustrates a rear sectional view
of the cleaning assembly 200 as taken along line A-A of FIG. 13. FIG. 18 illustrates a top and
side perspective view showing the valve assembly 117, plunger valve 202, and part of the
cleaning cassette 106. FIG. 19 is a top view of the cleaning assembly 200 shown as cross

section taken along a horizontal plane through the cleaning cassette 106.
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[0086] In this embodiment, pressurized water from third valve 118c enters the maze 215 at a
maze inlet 216, then proceeds through the maze 215 in a serpentine pathway that includes going
over and under baffles 217 arranged in an alternating pattern. After water passing through the
maze 215, the liquid enters the cleaning cassette 106 where it flows around the outside of a
cleaning product 164 (e.g., a solid bleach tablet) contained in the cleaning cassette 106, then to
an inlet 206 of the plunger valve 202. In some embodiments, the cleaning cassette 106 is sealed
and becomes pressurized by the incoming water from the third valve 118c. In some
embodiments, the maze 215 or the cleaning cassette 106 can also receive water from the mains
water supply 60.

[0087] In some embodiments, each compartment between adjacent baffles 217 introduces a
small amount of the cleaning product 164 to the clean water such that upon entering the cassette
106 the water has a desired concentration of cleaning product 164. After leaving the maze 215,
water passes into the cleaning cassette 106 via cassette inlet 192, where a portion of the cleaning
product 164 is dissolved into the water. Diluted cleaning solution leaves the cleaning cassette
106 and flows to the inlet 206 of a plunger valve 202. When the plunger 204 of the plunger
valve 202 is in the up position, such as when the lid 104 is open, the cleaning solution from the
cleaning cassette 106 drains to the toilet 50 via the nozzle 170. When the plunger 204 is in the
down position, such as when the lid 104 is closed, cleaning solution is dispensed to the toilet
bowl 54 through the nozzle 170 and/or upper spray nozzle 171. Diluted cleaner can be misted or
sprayed onto the toilet seat 102 using the upper spray nozzle 171.

[0088] In some embodiments, the plunger valve 202 is biased to an open or up position by a
spring or other biasing force. The plunger valve 202 has a plunger 204 that can be raised or
lowered to change the valve opening. For example, the plunger 204 extends up from a top of the
valve body and can be depressed by contact with the lid 104 as it closes. The plunger valve 202
in this example is biased to the up position by a spring. In other embodiments, the plunger valve
202 can be replaced with a valve of equivalent operation and that uses another mode of
actuation, such as a solenoid valve, a flexible dome top, a diaphragm, a plunger valve actuated
by electromagnetic control, or other suitable valve and actuation method.

[0089] In the example of FIGS. 13-19, the inlet 206 of the plunger valve 202 is configured to
include a first inlet portion 206a and a second inlet portion 206b. The first inlet portion 206a
receives fluid from the cleaning cassette 106 and the second inlet portion 206b receives water
from the fourth valve 118d. One or both sources can deliver water or solution to the plunger
valve 202. Additional inlet portions and sources can be added, such as a line from the mains

water supply 60. In some embodiments, the first inlet portion 206a is isolated from the second
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inlet portion 206b. In other embodiments, the first inlet portion 206a and the second inlet
portion 206b are constructed to merge fluid streams or otherwise result in a single fluid stream
entering the plunger valve 202 that can be directed to the nozzle 170, upper spray nozzle 171, or
both.

[0090] In one embodiment, the upper spray nozzle 171 and nozzle 170 are positioned below
the toilet seat 102 adjacent the hinge assembly 110. The nozzle 170 and upper spray nozzle 171
can be any type of nozzle, such as a nozzle delivering a fan spray, a nozzle with a conical spray,
a misting nozzle, an adjustable spray nozzle, a piezo valve or atomizer that directs a fine mist
onto the bottom of the lid 104, shroud 101, exposed portions of the seat 102, and exposed
portions of the bowl 54. In this example, nozzle 170 has a plurality of spray openings 170a and
is positioned below the toilet seat 102 to spray cleaning liquid onto various portions of the toilet
bowl 54. For example, the nozzle 170 has spray openings 170a that direct a jet or stream of
cleaning liquid forward and rearward into the bowl 54. The nozzle 170 can also function as a
drain to the bowl 54 for the hydraulic cylinder 114 when the lid 104 is open.

[0091] In some embodiments in which the cleaning cassette 106 contains a solid cleaning
product 164, the cleaning product 164 may be partially submerged in water after use of the toilet
and it partially dissolves in the water in the cassette 106. The cleaning solution is subsequently
dispensed to the toilet bowl 54 as part of the cleaning cycle, either directly or indirectly. In
some embodiments, the inlet 206 includes an eductor in communication with the cleaning
cassette 106. As water passes through the second inlet portion 206b, a restriction in the eductor
increases the flow velocity and decreases the pressure, drawing liquid into the inlet 206 from the
cleaning cassette 106. In one such embodiment, the second inlet portion 206b includes the
eductor along a flow path from the mains water supply 60 and the fourth valve 118d. The
eductor can be used to rapidly draw cleaning product 164 from the cleaning cassette 106 and
spray into the bowl 54, such as for a deep cleaning cycle.

[0092] In other embodiments, the cleaning cassette 106 is filled with water between cleaning
cycles, during raising the lid 104, or after the lid 104 is raised, such as when a solid cleaning
product 164 (e.g., bleach tablet) is contained in the cassette 106. For example, raising the lid
104 opens a valve to fill the cassette 106 with water; closing the lid 104 transfers the cleaning
solution from the cassette 106 into the toilet bowl. In another embodiment, the processor 105
actuates a solenoid valve to fill the cleaning cassette 106 after the lid 104 is opened. Similarly,
cleaning solution can be dispensed from the cleaning cassette 106 during or after the lid 104
and/or seat 102 close, or while the lid 104 is open. In other embodiments, the cleaning cassette

106 utilizes one-way valves in conjunction with one or more plunger valves 202. These and
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other embodiments can be used alone or in conjunction with valves 118 that control water flow.
Numerous variations and embodiments will be apparent in light of the present disclosure.
[0093] In some embodiments, valves 118 of the cleaning assembly 200 can include
mechanical valves operated by opening and closing the lid 104 and/or the seat 102. For
example, manually opening the lid opens a valve to flood the cleaning cassette 106 with water,
where the cleaning cassette 106 contains a solid cleaner, such as a bleach tablet. When the lid
104 is manually closed, a valve on the cleaning cassette 106 is opened and sprays cleaner and
water into the toilet bowl. In another embodiment, such as where the system uses a liquid
cleaning product 164 in the cleaning cassette 106, a valve 118 opens when the lid is closed. The
flow of water through a Venturi connector can be used to draw the liquid cleaning product 164
from the cleaning cassette 106 an into the water stream that is sprayed into the bowl 54. In yet
another embodiment, closing the lid 104 actuates an eductor or pump to dispense cleaning
product 164 from the cleaning cassette 106 directly to the toilet bowl 54, such as when the
cleaning cassette 106 contains liquid cleaning product 164.

[0094] Note that the cleaning cassette 106 is described and shown as being plumbed
downstream of the hydraulic cylinder 114. In other embodiments, the cleaning cassette 106 can
be upstream of the hydraulic cylinder. Also, other suitable techniques can be used to draw or
extract the cleaning product 164 from the cleaning cassette 106, such as a jet pump, a Venturi
eductor, a solenoid pump, a motorized pump, a diaphragm pump, a peristaltic pump, a piezo-
electric pump, an impeller, a displacement pump or syringe pump, or other suitable technique.
In yet other embodiments, the cleaning cassette 106 is pressurized to expel liquid cleaning
product 164. For example, a quantity of liquid cleaning product 164 is expelled from the
cleaning cassette 106 by action of a diaphragm, pressurized air, or push from the hydraulic
cylinder 114.

[0095] In other embodiments, the cleaning assembly 200 includes two or more plunger
valves 202 that include a first plunger valve 202 and a second plunger valve 202. For example,
the first plunger valve 202 is placed in the plumbing sequence to receive water directly from the
mains water supply 60, from the hydraulic cylinder 114, or both. The first plunger valve 202
can be configured as a three-way valve with an outlet and a bypass. When the plunger 204 is in
the up or open position, water or other liquid entering the inlet of the first plunger valve 202 can
flow to the outlet on the bottom of the valve body and then pass to the cleaning cassette 106.
When the plunger 204 is in the down or closed position, water or other liquid entering the inlet

flows to the bypass exit on the side of the valve body. The pressure associated with water
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entering the second plunger valve 202 depresses the plunger 204 and sprays a mixture of water
and cleaning product through the nozzle 170.
[0096] The second plunger valve 202 operates as a displacement pump between an up
position and a down position. For example, the second plunger valve 202 moves to the down
position due to hydraulic pressure applied by water or other liquid entering inlet and dispenses
liquid into the toilet bowl 54. The inlet of the second plunger valve 202 receives water flow
from the bypass of the first plunger valve 202. Water entering the second plunger valve 202
provides hydraulic pressure that pushes down the plunger 204 to draw and expel a quantity of
liquid from the cleaning cassette 106. In the absence of such pressure, the second plunger valve
202 normally occupies the up position.
[0097] Optionally, a third plunger valve 202 is positioned with an inlet to receive water
overflowing from the cleaning cassette 106, which is filled from the first plunger valve 202. The
third plunger valve 202 is configured as an on-off valve, in accordance with one embodiment.
In the up or open position, liquid flow is open into the third plunger valve 202 from the cleaning
cassette 106 and to the toilet 50 via the outlet. For example, liquid entering the third plunger
valve 202 flows to the outlet 208 at the bottom of the valve and drains into the toilet bowl 54. In
the down or closed position, the third plunger valve 202 closes flow of water between the
cleaning cassette 106 and the valve.
[0098] When the lid 104 1s open, the first, second, and third plunger valves 202 are normally
in the up or open position. Accordingly, water enters the first plunger valve 202 and is directed
into the cleaning cassette 106. Overflow from the cleaning cassette 106 flows through the third
plunger valve 202 to drain into the toilet bowl 54. The act of raising the lid 104 raises the
plunger 204 of the first plunger valve 202, closing flow to the second plunger valve 202 and
allowing spring force to raise the plunger 204 to the up position. Raising the plunger 204 of the
second plunger valve 202 draws in cleaning solution from the cleaning cassette 106, which is
stored in the second plunger valve 202 until the plunger 204 is lowered, in accordance with some
embodiments.
[0099] When the lid 104 is closed, the plunger 204 on both the first plunger valve 202 and
third plunger valve 202 are moved to the down/closed position by contact with the lid 104 as it
closes. Accordingly, water entering the first plunger valve 202 is diverted to exit through the
bypass exit, enters the second plunger valve 202, and depresses the plunger 204 of the third
plunger valve 202. Depressing the plunger 204 in the second plunger valve 202 functions as a
displacement pump to expel liquid contained in the valve and/or to draw liquid from the cleaning
cassette 106 and expel it through the nozzle 170.
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[00100] An upper spray nozzle 171 (e.g., a nozzle with a conical or fan spray, an ultrasonic
sprayer, a piezo sprayer, an air-assisted sprayer, or an atomizer) can be placed in fluid
communication with the reservoir of the second plunger valve 202, in accordance with one
embodiment. For example, when actuated, the upper spray nozzle 171 uses a portion of the
cleaning solution contained the second plunger valve 202 and dispenses it as a fine mist, spray,
or stream of cleaning solution. In another example, the upper spray nozzle 171 is plumbed
directly to the cleaning cassette 106 so that when actuated, the upper spray nozzle 171 draws
liquid from the cleaning cassette 106 and dispenses it as a fine mist. In some embodiments, the
upper spray nozzle 171 can be operated electronically by the processor 105 and its operation can
be triggered by movement of the hydraulic cylinder 114, a signal received from a position sensor
153, a signal received from a sensor 180, a signal received from user action (e.g., pressing a
button on the user interface), or other input.

[00101] Referring now to FIG. 20, a top perspective view illustrates a cleaning assembly 200,
in accordance with another embodiment of the present disclosure. In this example, the cleaning
assembly 200 includes a cleaning cassette 106 configured to contain a cleaning product 164
(e.g., liquid, not visible) and to dispense a quantity of cleaning product 164 to the toilet bowl 54.
As noted above, the pump 120 can be a jet pump, a solenoid pump, a motorized pump, a
diaphragm pump, a peristaltic pump, a piezo-electric pump, an impeller, a displacement pump, a
syringe pump, or other suitable pump 120.

[00102] In one example, closing the lid 104 depresses a plunger 204 on a plunger valve 202
and in turn draws and a quantity of the cleaning product 164 from the cassette 106 and dispenses
it into the toilet bowl 54. In another example, the cleaning assembly 202 includes an
electrically-activated pump 120 between the cleaning cassette 106 and a nozzle 170. The
processor 105 operates the pump 120 while the lid 104 is open, while the lid 104 closes, after the
lid 104 closes, or a combination of these conditions. In one such embodiment, the toilet seat
assembly 100 includes a sensor or switch 152 (not visible) that communicates the position of the
lid 104 to the processor. For example, the switch 152 is part of the plunger 204. After toilet use
and after the lid 104 closes, the processor 105 operates the pump 120 to dispense cleaning
solution 164 into the toilet bowl 54.

[00103] In yet another example, the toilet seat assembly 100 is not connected to the mains
water supply 60 and no other water flow occurs through the toilet seat assembly 100. For
example, the pump 120 dispenses cleaning product 164 into the toilet bowl 54 after the toilet SO
is flushed. In other embodiments, the toilet seat assembly 100 includes a valve assembly 117

configured to control a flow of water between the mains water supply 60 and the toilet bowl 54.
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The processor may concurrently operate the valve assembly 117 to flow water from the mains
water supply 60 to the toilet bowl 54. Numerous variations and embodiments will be apparent in
light of the present disclosure.

[00104] Referring now to FIG. 21, a front perspective view illustrates a toilet seat assembly
100 with the lid 104 shown in an open position, in accordance with an embodiment of the
present disclosure. Since the seat 102 and lid 104 are primarily or exclusively raised and
lowered by the hydraulic cylinder 114, the seat 102 and lid 104 need not be made to include gaps
between them or rounded edges that facilitate finger purchase for manual lifting. Accordingly,
the seat 102 and lid 104 can be made with close-fitting and relatively sharp edges that enable
forming an optional seal 179 (shown in FIG. 27) between the lid 104 and seat 102 and/or
between the seat 102 and the toilet bowl 54. In some embodiments, the seal 179 extends around
only a portion of the seat 102 to enable the toilet seat assembly 100 to “breathe” when the toilet
50 is flushed. Embodiments that include a seal 179 or partial seal can effectively trap
microscopic particles and odors inside the toilet 50 and therefore result in a more pleasant and
healthier environment. In one such embodiment, a gasket 187 (shown in FIG. 27) or sealing ring
disposed in the interface between the seat 102 and bowl 54 provides a seal 179 when the seat
102 is in the down or closed position. The lid 104 may similarly form a seal 179 with the seat
102 when the lid 104 is closed on the seat 102. In another embodiment, each seal 179 can be
formed by a flexible portion on an edge of the seat 102 and/or lid 104. For example, an edge of
the lid 104 is made more flexible than the lid 104 as a whole, or includes a flexible edge, for
example. In some such embodiments, the flexible edge deforms when the lid 104 is drawn
against the seat 102 when both are in either the up or down positions. The seat 102 can be
similarly configured. A variety of spray patterns, rotating valve on the dispenser (e.g., tubing
128¢ with nozzle 162) can be included to increase the regions within the bowl 54 and seat
102/1id 104 that are sanitized. For example, liquid or aerosol spray can be directed to exposed
surfaces of the lid 104, seat 102, and bowl 54. Optionally, the lid 104 and seat 102 are made of a
hydrophobic material or include a hydrophobic coating to facilitate water-based cleaning
solutions leaving the surface of these components to provide a dry surface for subsequent use.
Seals between various components can be of a polymeric material including elastomers, silicone,
polytetrafluoroethylene (PTFE), or natural rubber.

[00105] In some embodiments, the cleaning assembly 200 includes a diverting nozzle (not
shown) that includes a nozzle portion and a diverter portion. For example, the nozzle portion
can pivot with respect to the diverter portion. Pins on the nozzle portion restrict the range of

pivoting movement of the nozzle portion. As water flows through the diverting nozzle, the
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nozzle portion and diverter portion toggle back and forth between pins on the cleaning cassette
106 so that cleaning solution is sprayed throughout a range of motion across the toilet bowl 54.
[00106] Referring now to FIGS. 22A and 22B, front views illustrate an example of toilet 50
equipped with a toilet seat assembly 100 that includes one or more sensors 180 used to trigger
various functions, in accordance with some embodiments of the present disclosure. The toilet
seat assembly 100 includes three conditions or positions: in a first condition both the seat 102
and lid 104 down, in a second condition the seat 102 is down and the lid 104 up, and in a third
condition both the seat 102 and lid 104 up. The processor 105 can be configured to await input
from a sensor 180 (or other signal) when the toilet seat assembly 100 is any of these conditions.
In one example, a lack of a sensed condition can be used to trigger an action, such as inactivity
or failure to sense a change in a sensed condition for a predetermined length of time. Depending
on the desired functionality, numerous variations and embodiments of control can be used, as
will be appreciated.

[00107] In addition to electronic control using sensors 180 and processor 105, the toilet
assembly 100 optionally includes mechanical switches and actuators. As shown in FIG. 21, for
example, the lid 104 includes an actuator 116 that protrudes from the bottom of the lid 104. As
the lid 104 closes, the actuator 116 extends through an opening in the seat 102 to depress the
plunger 204 of the plunger valve 202 (e.g., shown in FIG. 17). In another example, sensors in
the hydraulic cylinder 114 may be replaced with a mechanical switch. Numerous variations and
embodiments will be apparent in light of the present disclosure.

[00108] Each sensor 180 can be configured to detect generalized or specific motion,
proximity, thermal signature, sound, or other input. For example, a sensor 180 can detect
specific verbal commands (e.g., “open lid” or “close and flush”), body temperature or
temperature differentials within a predetermined range of sensor 180 (e.g., within 30 cm, 45 cm,
or 60cm), sounds having a particular frequency, waveform, duration, or spacing (e.g., hand claps
or finger snaps), or specific movements or sequences of movements (e.g., hand wave, Z-shape).
A given sensor 180 can use infrared or passive infrared sensing techniques, for example. Each
sensor 180 is disposed in wired or wireless communication with the processor 105 and a stored
energy source 108 (e.g., batteries) or continuous power source (e.g., AC line voltage or solar
cell). In some embodiments, the stored energy source 108 can be a capacitor or battery that is
charged by, for example, movement of the lid and/or seat or action of the piston 140 (typically
during closing). The power source can be used to supply power to the infrared sensor, the

solenoid and any other components that require electric power. Note that components such as the
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sensor 180 can be in an energy saving mode where they are oftf most of the time and only turned
on for a few milliseconds each second.

[00109] In some embodiments, a sensor 180 can be positioned in or on the lid 104, seat 102,
or hinge assembly 110, or contained within the lid 104 or housing 112 and not visible to the
user. In one example, a sensor 180 is positioned on the bottom of the lid 104 or shroud 101. In
another example, the sensor 180 is contained in the hinge assembly 110. In another example, a
sensor 180 is positioned on the front end of the toilet seat 102 distant from the hinge assembly
110.

[00110] Inthe embodiment of FIGS. 22A-22B, the toilet seat assembly 100 includes two
sensors 180. A first sensor 180a is located on a front portion of the lid 104 and a second sensor
180b is located on an underside or bottom face of the lid 104. For example, the second sensor
180b is on a bottom face of the shroud 101. The first sensor 180a can be configured to detect
general or specific movement in front of the toilet 50 (when the lid 104 is down), to detect
general or specific movement vertically above the 1id 104 (when the lid 104 is open), or a
combination of such regions. Sensor detection is not limited to movement and may include
temperature, color, light/dark, distance, a sound or voice command, a change in any of these
conditions, or any other suitable sensed condition or combination of sensed conditions to
indicate the presence of a user who wishes to use the toilet 50, has completed using the toilet 50,
or has left the area of toilet 50. For example, the first sensor 180a is an infrared (IR) motion
sensor or passive infrared (PIR) sensor configured to detect motion or other action based on a
change in infrared radiation. When the lid 104 is closed, for example, first sensor 180a may
detect the presence of a user within a predetermined range of the toilet 50, such as within 3 feet
(~1 meter), within 2 feet (~60 cm), within 18 inches (~45 cm), within 12 inches (~30 cm), or
other distance. In another example, the first sensor 180a senses a particular motion or group of
particular motions, such as a hand wave, movements in opposite directions across the sensor
180a within a short time (e.g., within 1.5 sec.). A particular movement or sequence of
movements may trigger, for example, raising the lid 104 or both the seat 102 and lid 104.
[00111] The second sensor 180b, located on the bottom face of the lid 104 in one example,
can be configured to sense movement in a direction perpendicular to the lid 104 (e.g., in front of
toilet 50 when the lid 104 is open), vertically above the toilet 50, or combination of such regions.
For example, the second sensor 180b is configured to detect the presence or absence of a person,
or an additional signal to trigger opening the seat 102 or flushing the toilet 50. In one example,
second sensor 180b detects movement or proximity of an object within a two-dimensional or

three-dimensional sensing region 182. The proximity of a user can be used by the processor 105
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to indicate a person sitting on the toilet or standing next to the toilet. Within certain distances,
for example, second sensor 180b detects the user seated on the toilet and, as a result, may disable
first sensor 180a. In one embodiment with the lid 104 open, the sensing region 182 can be a
cone or angle with its vertex located at the second sensor 180b and extending out from the lid
104 over the bowl 54. Other geometries for the sensing region 182 are acceptable.

[00112] Input from sensor(s) 180 (or lack thereof) may be used alone or in combination with
the positions of the seat 102 and lid 104 to trigger an action. In one example where the lid 104 is
open and the seat 102 is down, sensor(s) 180 may be triggered by one sensed condition to
initiate closing the lid 104 and triggered by another sensed condition to raise the seat 102. When
both the seat 102 and lid 104 are open, the sensor(s) 180 may detect one or more sensed
conditions to trigger closing the seat 102 and lid 104, followed by initiating a cleaning cycle. In
this condition, a first sensed condition (e.g., a short hand wave) may trigger lowering the seat
102 and a second sensed condition (e.g., a long hand wave) may trigger closing the seat 102 and
lid 104 in addition to initiating a cleaning cycle.

[00113] In another example, a first sensor 180a is located on the housing 112 between the lid
104 and the tank 52. The first sensor 180a can be particularly useful when both the seat 102 and
lid 104 are closed. Second sensor 180b and third sensor 180¢ may be located on the underside
of the lid 104. In another embodiment, second sensor 180b is located on the front edge of the lid
104 and the third sensor 180c is located on the underside of the lid 104. Sensors 180 can be used
to detect various motions or other inputs, or a lack of input, to open or close the lid 104 and/or
seat 102. In one example, a hand wave detected by the first sensor 180a opens the lid 104. A
hand wave detected by second sensor 180b located on the lid 104 and having a sensing region
182 above the lid 104 can be used to open the seat 102. A third sensor 180c¢ located on the lid
104 and having a sensing region 182 in front of the tank 52 can be used to detect a user leaving
the toilet 50 and then to initiate closing the seat 102 and lid 104 followed by a flush. Numerous
variations and embodiments will be apparent in light of the present disclosure.

[00114] FIG. 23 illustrates a front view a toilet 50 equipped with a toilet seat assembly 100 in
accordance with an embodiment of the present disclosure. In this example, the toilet seat
assembly 100 includes sensors 180 with a variety of different sensing regions 182. A first sensor
180a positioned on or near the hinge assembly 110 and a second sensor 180b is positioned on a
bottom face of the lid 104. The first sensor can use room-scale sensing in a low power mode to
detect general movement within a sensing region generally having a size of the room. Such
input can be used to “wake up” the toilet seat assembly 100 for detecting further input, such as

when a potential user enters the bathroom.
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[00115] Second sensor 180b includes one or more specific sensing regions 182 (e.g., on
opposite lateral sides of toilet 50) or may sense movement generally using a hemispherical
sensing region 182, for example. In one such embodiment, for example, a hand wave detected
on a right side raises the seat 102 and lid 104 and a hand wave detected on the left side raises
only the lid 104. In another example, second sensor 180b detects an input consistent with the
user leaving the toilet 50, such as a change in infrared radiation within a range of up to 18 inches
(45 cm) from the tank 52 and that occurs within a predefined timeframe (e.g., 30 minutes)
subsequent to raising the seat 102. Such input can be used by processor 105 to close the seat
102 and lid 104 and initiate a cleaning cycle.

[00116] FIG. 24 illustrates a top view of a toilet seat assembly 100, in accordance with an
embodiment of the present disclosure. Here, the housing 112 includes one or more buttons 184
that enable the user to control certain functions of the assembly 100. In one example, a button
184 can be pressed to activate a cleaning cycle, such as an enhanced cleaning mode or boost
mode. In one such embodiment, the cleaning boost closes the seat 102 and lid 104 (if not
already closed), then proceeds to flush water into the toilet bowl 54 while also drawing cleaning
product 164 into the water stream. The cleaning boost may operate for an extended time or use
more water compared to a standard cleaning cycle. In another embodiment, the cleaning boost
directs cleaning water to the seat 102 and lid 104 in addition to the bowl 54, or other areas as
appropriate. The user can press another button 184 to turn the assembly 100 on and off as
needed. The assembly 100 optionally includes an indicator 186 to signal to the user that the
stored energy source 108 is low, the cleaning cassette 106 is empty, or that some other
maintenance is needed. Numerous variations and embodiments will be apparent in light of the
present disclosure.

[00117] Referring now to FIG. 25, a flow chart illustrates operations performed in a method
300 of operating a toilet seat assembly 100, in accordance with some embodiments. In this
example, method 300 begins at Position 1, in which both the seat 102 and lid 104 are in the
closed position. Note that operations in method 300 may be performed in a loop such that other
positions may be considered the start, such as Position 2 in which only the lid 104 is open, or
Position 3 in which both the lid 104 and seat 102 are open. To facilitate discussion, method 300
will be discussed with reference to a toilet seat assembly 100 having a seat 102 and a lid 104 that
are both in the down or closed position, and the assembly also including at least one sensor 180.
The toilet seat assembly 100 further includes a first valve (“valve 1) and a second valve (“valve
2”). Method 300 is not limited to an assembly having only two valves and additional valves or

functional equivalent may be used, as will be appreciated.
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[00118] Various actions may be triggered by one or more sensors in communication with a
processor. For example, raising the lid can be triggered by a signal from a first sensor, raising
the seat can be triggered by a signal from a second sensor, and lowering both the seat and lid can
be triggered by a signal from a third sensor. More or fewer sensors can be used. In some
embodiments, sensor(s) can be used to detect the approach of a user, the departure of a user, or a
command or action by the user to raise the toilet seat. In some embodiments, all of these
functions can be controlled by a single sensor. Sensors can be, for example, a sound detector, a
smart speaker, a capacitive sensor, an infrared sensor, a Hall effect sensor, or other suitable
sensor.

[00119] At block 305, the toilet seat and lid are down, and the assembly receives input from
one or more sensors. In some embodiments, the input is a sensed motion or change in conditions
that is processed by the circuit (e.g., a printed circuit board assembly (PCBA)) electrically
coupled to the sensors and valves of the assembly. The sensor input at block 305 is processed to
open valve 1, which causes the hydraulic cylinder to fill with water and open the lid at block
310. Atblock 315, a signal from a switch (e.g., a microswitch) is received at the PCB after the
cam follower opens the lid, which is processed to close valve 1 and maintain the assembly in
Position 2 with the lid open at block 320. From Position 2, the assembly may await additional
sensor input or may be configured to operate in the absence of a signal from a switch or from a
sensor, for example. If no signal is received after a predetermined length of time, block 325,
method proceeds to open valve 2 at block 330. Opening valve 2 allows spring force to evacuate
the water from the hydraulic cylinder into the toilet bowl, which may include passing the water
through or along a cleaning cassette to draw cleaner into the water for cleaning purposes. In
some embodiments, valve 2 may remain open only as needed for the cleaning process using
water from the hydraulic cylinder. In other embodiments, valve 2 may remain open for a longer
period of time as needed to flush and clean the toilet, for example. At block 335, valve 2 is
closed, at which point the toilet is again in Position 1 with the seat and lid closed with the
assembly awaiting input to initiate action.

[00120] In another scenario, sensor input is received at block 340, which is processed to open
the seat. For example, the input at block 305 is a sensor detecting movement within about 3 feet
(~1m) of the toilet, indicating an approaching user. The input at block 305 could be a user
approaching the toilet, the user waving or making another hand gesture over the sensor, or an
audible command received at the sensor, for example. The input at block 340 is an additional
input received by the same or a different sensor. The input at block 340 is processed at block

345 to continue operation of the hydraulic cylinder to lift the seat. Opening the seat may be
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continuous with opening the lid, or it may be performed after a pause in method 300. The input
at block 340 can be, for example, a gesture received at the same or a different sensor, a different
action detected compared to that at block 305 (e.g., a second motion, a different motion, a
different proximity value, or an audible command), or a continued sensed action (e.g., the user
remains within about 3 feet (~1m) of the toilet).

[00121] In another scenario, the input received at block 305 is processed to open valve 1 for a
length of time sufficient to open both the lid and the seat. For example, a gesture sensed on the
right side of the toilet is processed to open only the lid at blocks 310-320 and a gesture sensed on
the left side of the toilet is processed to open both the lid and seat at blocks 310 and 345.

[00122] At block 350, the circuit receives a signal to halt operation of the hydraulic cylinder,
such as from a microswitch positioned at the end of travel for the piston of the hydraulic
cylinder. At block 355, the signal received at block 350 is processed to close valve 1. In such
condition, the assembly is in Position 3 with both the lid and seat open. Method 300 may
continue from block 355 by either receiving a sensor input at block 360 or not receiving an input
within a predefined period of time at block 365.

[00123] The input at block 360 can be a sensor or sensors detecting the user departing the
toilet, a user gesture, a command or some other action. For example, after using the toilet, the
user waves the hand along the left side of the toilet. The sensor sends a signal to the processor to
proceed to block 370. Other conditions can be sensed, such as a change in proximity, an audible
command, a change in light, or other condition. Alternately, at block 365, no signal is received
for a period of time from 10s to 30 minutes and method 300 proceeds to block 370. Here, “no
signal” can be interpreted to mean no change in the input or no input. For example, while the
user is sitting on the toilet, the sensor may continue to sense the user’s temperature within a
given distance from the tank (e.g., within 15 cm, 30 cm, 45 cm, or 60 cm); so long as this
condition is sensed, the assembly maintains Position 3. In another example, no input is received
from a sensor or switch for a set length of time, such as 10 seconds, 30 seconds, 1 minute, 2
minutes, 3 minutes, 5 minutes, 10 minutes, 20 minutes, or 30 minutes, for example. In such
situation, the circuit

[00124] At block 370, method 300 opens valve 2 for a time sufficient to close the seat or both
the seat and lid. Opening valve 2 allows spring force to evacuate the water from the hydraulic
cylinder into the toilet bowl, which may include passing the water through or along a cleaning
cassette to draw cleaner into the water for cleaning purposes. In some embodiments, valve 2
may remain open only as needed for the cleaning process using water from the hydraulic

cylinder. In other embodiments, valve 2 may remain open for a longer period of time as needed
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to flush and clean the toilet, after both the seat and lid are closed, for example. At block 375,
valve 2 is closed, at which point the toilet is again in Position 1 with the seat and lid closed with
the assembly awaiting input to initiate action.

[00125] Referring now to FIGS. 26A-26C, front perspective views show a toilet 50 with toilet
seat assembly 100 that includes a lid 104, toilet seat 102, and a shroud 101, in accordance with
an embodiment of the present disclosure. In FIG. 26A, the lid 104 is open and the seat 102 is
partially open. In FIG. 26B, the lid 104 and seat 102 are shown in a closed position. In FIG.
26C, the lid 104 is shown in an open position and the seat 102 is shown in a closed or down
position. When the lid 104 is closed, the seat 102 covers the rim 56 of the toilet bowl 54 and the
shroud 101 extends down from the lid 104 to prevent the seat 102 from getting wet and/or to
obstruct a direct exit path of liquids from the upper spray nozzle 171 or nozzle 170.

[00126] In this example embodiment, the toilet seat assembly 100 includes one or more
sensors 180 to trigger operation of the toilet seat assembly 100, including at least one first sensor
180a on the lid 104. For example, the first sensor 180a includes a pair of forward-facing IR
sensors that individually or together are configured to detect the presence of a person on the
toilet SO when the lid 104 is closed. For example, sensors 180a have a field that is about 3-4
inches (~7-10 cm) wide and extends about 8 inches (~20 cm) from the front of the lid 104. In
another example, the first sensor 180a includes a passive infrared sensor configured to detect a
person entering the room. In response to a signal from the first sensor 180a, the processor 105
activates one or more infrared sensors 180 on the front of the toilet seat assembly 100. In one
embodiment, first sensors 180a are the only sensors that are “awake” when the lid 104 is closed.
When first sensors 180a are triggered by a person approaching the toilet 50, for example, the lid
104 raises. When the lid 104 is open or when both the lid 104 and seat 102 are open, a second
sensor 180b on the shroud 101 can detect the presence of a person at or approaching the toilet
50. If the second sensor 180b is not further triggered within a predetermined amount of time, the
lid 104 closes. Various embodiments of operating a toilet seat assembly 100 are discussed in
more detail below with reference to the flow diagrams of FIGS. 38 and 39.

[00127] The lid 104 includes one or more second sensors 180b on the shroud 101. Second
sensor 180b can be configured to detect a hand swipe or the like when the lid 104 is open.
Triggering second sensor 180b can be used to open the seat 102 after the lid 104 is open. For
example, a first hand wave is detected by first sensor 180a and processed to open the seat 102
and, after using the toilet, a second hand wave is detected by second sensor 180b and processed

to close the seat 102 and 1id 104.
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[00128] Optionally, a third sensor 180c, such as a capacitive sensor or other suitable sensor, is
retained in or on the seat 102 to detect the presence of a person sitting on the toilet seat 102. For
example, the third sensor 180c detects the presence of a person by a change in capacitance,
temperature, proximity, or other condition. In one such embodiment, second sensor 180b on the
shroud 101 may be disabled while the third sensor 180c on the seat 102 is triggered. Numerous
variations and embodiments will be apparent in light of the present disclosure.

[00129] Referring to FIG. 27, a perspective, cross-sectional view shows portions of the lid
104 and seat 102 in a closed position. In this example, the lid 104 includes a shroud 101 that
extends away from the lid 104 a distance sufficient to at least partially overlap the seat 102 when
the seat 102 and lid 104 are closed. For example, the shroud 101 extends down from the lid 104
to contact and/or overlap the radially inner portion of the seat 102. Adjacent the cleaning
assembly 200, the shroud 101 extends down a distance so that it is vertically above the upper
spray nozzle 171 (shown in FIG. 26C). In some embodiments, the bottom surface of the shroud
101 is parallel with the horizontal, but this is not required. As such, cleaning solution emitted
from the upper spray nozzle 171 or nozzle 170 can effectively coat the inside face of the lid 104
without wetting the seat 102, in accordance with some embodiments. In some embodiments, the
radially inner top surface of the seat 102 is angled downward into the bowl 54 so that any liquids
on the seat 102 drain into the toilet bowl 54. An advantage of such features is that the shroud
101 can be sprayed or misted with a bleach solution or other cleaning product 164 without
wetting the seat 102. Optionally, the shroud 101 can be configured to contact the seat 102 when
the seat 102 and lid 104 are closed. Optionally, the bottom surface of the seat 102 located within
the area of the shroud 101 (and/or the shroud 101 itself) include a hydrophobic material, such as
a coating or sheet of polytetrafluoroethylene (PTFE). The hydrophobic material assists water
leaving the lid 104 and shroud 101 after being sprayed with cleaning solution, for example.
[00130] The toilet seat 102 can be constructed to form a seal 179 with the rim 56 of the bowl
54. The seal 179 can result from components that sufficiently conform to each other so as to
form a seal, or can result from a compressible material between surfaces, such as a gasket 187 or
the like between the rim 56 and bottom of the toilet seat 102. Any seal 179 can extend partially
or completely around the circumference of the bowl 54.

[00131] FIG. 28 illustrates a side view of a toilet 50 with a toilet seat assembly 100 and shows
example liquid streams from a nozzle 170 and an upper spray nozzle 171 during a cleaning
cycle, in accordance with an embodiment of the present disclosure. In this example, the lower
nozzle 170 includes a plurality of ports that direct cleaning solution in a jet towards the upper

front, lower front, and rear of the toilet bowl 54. Streams of cleaning solution directed to these
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areas can be used to dislodge solid waste on the inside of the bowl 54. The upper spray nozzle
171 directs cleaning solution to the lid 104 and rim 56 to remove urine stains, for example. The
upper spray nozzle 171 and nozzle 170 each can include any number of ports to direct cleaning
solution to various locations in the bowl 54, including water in the toilet bowl 54, the toilet bowl
54 above the water, and the rim 56 of the toilet bowl 54. In some embodiments, the nozzle 170
rotates as it dispenses liquid so as to more completely spray the entire bowl. For example, the
nozzle 170 rotates 360°, 270°, 180° 135°, 90°, 60°, 45°, or 30° in a single direction or in a
reciprocating manner.

[00132] Referring now to FIG. 29, a schematic diagram illustrates some components and
plumbing connections of a toilet seat assembly 100, in accordance with an embodiment of the
present disclosure. At the top of the diagram is an example of a control panel 111 that includes
energy source 108 (e.g., batteries), a processor 105, and a user interface 107. Although shown
as a group in this embodiment, the energy source 108 (e.g., batteries), processor 105, and user
interface 107 can be separate components that may be positioned together or separately in, on, or
near the housing 112 of the toilet seat assembly 100, as will be appreciated. The control panel
111 communicates with sensors 180 on the toilet seat 102, lid 104, and/or shroud 101. For
example, the control panel 111 receives and processes inputs from sensors 180 and generally
controls operation of the toilet seat assembly 100, such as opening and closing valves
responsible for lifting functions and cleaning functions. The control panel 111 also
communicates with position sensors 153 on the hydraulic cylinder 114. The position sensors
153 indicate when the cam follower 148 has reached a certain position, for example. In some
embodiments, processor 105 or other components may be physically separated from the toilet
seat assembly 100 while still being positioned in communication with components of the
assembly 100. For example, the processor 105 and user interface 107 are mounted on the wall
near the toilet 50 and communicate wirelessly with various sensors and valves of the assembly
100. FIGS. 31-37 schematically illustrate the toilet seat assembly 100 in various states of
operation and are discussed in more detail below.

[00133] User interface 107 can communicate with the user using lights, sounds, a display
screen, and/or other method. In one embodiment, the user interface includes multi-color LEDs
adjacent each button. Pressing the “display” button illuminates various LEDs to indicate the
current status of the system, such as battery status, whether automatic lifting is enabled, and
whether automatic cleaning is enabled. In another example, LEDs flash in a repeating circular

pattern during deep cleaning to communicate to the user that the deep cleaning cycle is in
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progress. In another example, all LEDs flash red in unison to indicate an error. Numerous
variations can be used, as will be appreciated.

[00134] In one example, the toilet seat assembly 100 has an energy source 108 of batteries to
power control circuits, valves, and sensors, and to provide power to other electrical functions of
the system. As shown here, the energy source 108 include nine AA batteries. Other types and
quantities of batteries or other energy source 108 can be used, as will be appreciated. Examples
of other power sources include a solar panel, a cord to AC current from the home’s or building’s
electrical system, a small hydro-electric turbine included in the toilet seat assembly 100, or a
super capacitor. The energy source 108 can be readily replaceable or rechargeable batteries in
some embodiments.

[00135] In one embodiment, the user interface 107 has a sealed panel with lights, display
panel, liquid crystal display, or other means of communicating the operating states and system
information to the user. The user interface 107 also includes one or more buttons, a touch
screen, a microphone, a camera, a foot pedal, a floor mat, or other method of receiving user
input to control operating features of the system. For example, the user interface 107 includes
non-capacitive push buttons that can be pressed by the user to turn on or off the lift and close
functionality of the toilet seat and lid, turn the auto clean feature on or off, initiate a deep clean
cycle, and perform a battery check, to name a few examples. A “display” button can be pressed
to illuminate indicators to show the user the current state and active functions of the system.
[00136] In one embodiment, the toilet seat assembly 100 operates with a hydraulic cylinder
114 to open and close the toilet seat 102 and lid 104. In one such embodiment, the hydraulic
cylinder 114 is a double acting cylinder that includes a first volume 160 and a second volume
161, where the first volume 160 is on one side of a piston 140 (e.g., in front of the piston head
140a) and the second volume 161 is on the opposite side of the piston 140 (e.g., behind the
piston head 140a). Water filling the first volume 160 while emptying the second volume 161
extends the piston 140 and filling the second volume 161 while emptying the first volume 160
retracts the piston 140, as will be appreciated. Valves 118 control water flow into and out of the
hydraulic cylinder 114 to open or close the toilet seat 102 and/or lid 104 as well as to perform
cleaning functions, in accordance with some embodiments. In other embodiments, the hydraulic
cylinder 114 has a single chamber (e.g., first volume 160) that moves the piston 140 in a first
direction and uses a spring for moving the piston 140 in the opposite direction. In yet other
embodiments, the hydraulic cylinder 114 is a single action or double action diaphragm cylinder.
Numerous variations and embodiments will be apparent in light of the present disclosure. In

other embodiments, the toilet seat assembly 100 is configured only with a cleaning function, and
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therefore omits the hydraulic cylinder 114 used to raise and lower the seat 102 and lid 104. In
one such embodiments, fewer valves 118 are needed, as will be appreciated.

[00137] In the example of FIG. 29, the assembly includes four valves 118a-118d. Valves
118a-118d are used to control the flow of water for opening and closing the seat 102 and lid 104
and for cleaning. Each valve 118 in this example is configured as a two-way valve, such as
solenoid valve. Three-way, four-way, and other valves can be arranged with an equivalent
functional result, as will be appreciated. In some embodiments, check valves 119 can be
included to prevent reverse water flow in some plumbing lines.

[00138] Water enters the system from the mains water supply 60 and passes through a first
valve 118a to fill the first volume 160 or through a second valve 118b to fill the second volume
161 of the hydraulic cylinder 114. A third valve 118c controls water flow to the maze 115 and
cleaning cassette 106, which then flows through a plunger valve 202 to the bowl 54. Third valve
118c may include water from the mains water supply 60, from emptying first volume 160 of the
hydraulic cylinder 114, or both. A fourth valve 118d controls water flow from the mains water
supply 60, from emptying the second volume 161 of the hydraulic cylinder 114, or both, to the
bowl 54 via the plunger valve 202. Sensors 180 on the lid 104, seat 102, and/or shroud 101
provide signals to the processor 105 that are used to control valves 118.

[00139] The system configuration shown in FIG. 29 represents a low or lowest power state
referred to as quiescent mode, in accordance with one embodiment. In this example of quiescent
mode, the system is on and automatic lifting of the lid 104 and seat 102 is disabled. The piston
140 of the hydraulic cylinder is in an unlocked position (“position 17) with the first volume 160
empty or nearly empty. The plunger 204 of the plunger valve 202 is down, directing water flow
to the bowl 54 via the nozzle 170. When water flows through the nozzle 170 under pressure,
such as when flowing from the third valve 118c, the nozzle 170 provides a jet of water. On the
other hand, when water flows through the nozzle 170 under lower pressure or no added pressure,
the nozzle 170 can function as a simple drain.

[00140] When the piston 140 is in position 1, the seat 102 and lid 104 are unlocked and the
user can manually lift and lower the lid 104 and seat 102. In another example of quiescent state,
the piston 140 is in a locked position (“position 2”) with automatic lifting of the seat 104 and lid
102 enabled. In either example of the quiescent state, the processor 105 is in a low power state
and only first sensor(s) 180a on the lid 104 or seat 102 is active. In one example, the first sensor
180a includes a passive infrared (PIR) sensor configured to detect a person entering the room.
When activated, the first sensor 180a activates an infrared sensor 180 on the assembly that has a

sensing region 182 with a diameter of about 7-10 cm. In one embodiment, for example, IR
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pulsing can be used in the quiescent mode or wake-up mode so that the first sensor 180a is “on”
for 1-20 milliseconds per second (ms/s), including 1-10 ms/s, 5-10 ms/s, less than 20 ms/s, less
than 10 ms/s, or less than 5 ms/s.
[00141] The toilet seat assembly 100 can be configured for automatic operation, manual
operation, or both. For example, a cleaning cycle, toilet flush, opening or closing of the seat or
lid, or other process can be initiated automatically by the processor in response to receiving a
sensor signal. Alternately, the user may press a button with the hand or foot, step on a mat or
foot pedal, speak a command, or perform some other action to initiate an action. Further, the
toilet seat 102 and lid 104 are not restricted to operation with a hydraulic cylinder or mechanized
device, and such operation can be bypassed or defeated so that the user can open and close the
seat 102 and lid 104 manually in the traditional manner. Numerous variations will be apparent
in light of the present disclosure.
[00142] FIG. 30 illustrates a top plan view of a valve assembly 117 that includes four valves
118a-118d as depicted, for example, in the schematic of FIG. 29. In this example, the mains
water supply 60 is connected to the inlet of the first valve 118a and the inlet of the second valve
118b. In an open position, the first valve 118a directs water to the first volume 160 of the
hydraulic cylinder 114. The outlet of the first valve 118a is connected to the inlet of the third
valve 118c by a conduit that is internal or external to the valve assembly 117. For the second
valve 118b, the open position directs water to the second volume 161 of the hydraulic cylinder
114. The outlet of the second valve 118b is connected to inlet the fourth valve 118d by a
conduit that is either internal or external to the valve assembly 117. For the third valve 118c, an
open position directs water to its outlet that is connected to the plunger valve 202 via the maze
115 and cleaning cassette 106. For the fourth valve, an open position directs water to drain into
the bowl 54 via the plunger valve 202. Numerous valve types and arrangements can be used to
accomplish the desired water flow, as will be appreciated.
[00143] Referring now to FIG. 31, a schematic diagram illustrates the toilet seat assembly 100
in “wake-up mode” during which the lid 104 is lifted. In wake-up mode, sensor 180a has been
triggered and the processor 105 is in an operational state with power boosted to an operational
level (e.g., to 12 volts). The first valve 118a and fourth valve 118d are open, and the plunger
valve 202 is in a down position so long as the lid 104 is closed. As the lid 104 opens, the
plunger 204 of the plunger valve 202 raises to an up position. These valve positions fill the first
volume 160 of the hydraulic cylinder 114 from the mains water supply 60, drain the second
volume 161 to the toilet via plunger valve 202, and add water to the cassette 106. The lid 104 is
raised as the piston 140 moves to position 3, at which point a position sensor 153 (e.g., Hall
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effect sensor, optical encoder, electrical contact pad, etc.) is triggered and processed by the
processor 105 to close the first and fourth valves 118a, 118d. In one example, each valve 118
requires about 1.5 Amps of power for about 30 ms to open and then uses pulsed power of 0.5 A
to maintain the valve 118 in an open state. The wake-up mode is expected to occur ten times per
day during normal usage, but wake-up mode may occur more or fewer times.

[00144] Referring now to FIG. 32, a schematic diagram illustrates the toilet seat assembly 100
in a “lid up” state in which the lid 104 is maintained in an open position. In this condition, all
four valves 118 are closed, the piston 140 is in position 3 in which the lid 104 is raised and both
the seat 102 and lid 104 locked by engagement between the cam follower 148 and the helical
pathway 158. First sensor(s) 180a and second sensor 180b are active to detect a signal within
the maximum sensing region 182. For example, first sensor(s) 180a have a sensing region 182
of 20 cm and second sensor 180b has a sensing region 182 of 45 cm, such as may be used to
detect the presence of a person on or in front of the toilet or a gesture above the toilet. When the
lid 104 is in the up position, the plunger 204 of the plunger valve 202 in the up position so that
water flow (if any) is directed to the bowl 54 via nozzle 170.

[00145] Referring now to FIG. 33, a schematic diagram illustrates the toilet seat assembly 100
in a “lid close” mode during which the lid 104 is moved from an open position to a closed
position. In one example, the processor 105 begins to close the lid 104 ten seconds after first
sensor(s) 180a fail to detect the presence of a person. The power is boosted to the higher
operational power state (e.g., 12 Volts) and second valve 118b and third valve 118c are opened
to allow water to fill the second volume 161 of the hydraulic cylinder 114 and drain the first
volume 160. In doing so, the piston 140 moves into the first volume 160 toward position 2.
Water draining from the first volume 160 is directed to the plunger valve 202 via the maze 115
and cleaning cassette 106. The plunger 204 of the plunger valve 202 is in the up position
initially and is depressed as the lid 104 closes, directing water to the nozzle 170. First sensors
180a and second sensor 180b continue to sense within the maximum sensing region 182. Upon
the piston 140 reaching position 2, a position sensor 153 triggers the processor 105 to return the
system to the quiescent state. In one embodiment, the system returns to the quiescent state ten
seconds after the lid 104 closes and the plunger 204 of the plunger valve 202 moves to the down
position.

[00146] Referring now to FIG. 34, a schematic diagram illustrates the toilet seat assembly 100
in another embodiment of the wake-up mode in which both the lid 104 and seat 102 lift
automatically. In this example, the processor 105 is set to the operational state and power is

boosted to the operational level after receiving input from one or both of first sensors 180a and
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second sensor 180b. The first valve 118a and fourth valve 118d are opened, filling the first
volume 160 of the hydraulic cylinder 114 and draining water from the second volume 161 to the
toilet via plunger valve 202. In doing so, the piston 140 moves towards position 3 at which
point the lid 104 is raised and position sensor 153 sends a signal to the processor 105. When the
processor 105 receives an additional signal from second sensor 180b (e.g., user gesture), first
valve 118a and fourth valve 118d are opened again (or remain open) to move the piston 140 to
position 4 and open the seat 102. Upon reaching position 4, the seat 102 is also open and a
position sensor 153 at position 4 is triggered. Position sensor 153 at position 4 communicates
with the processor 105, which closes the first and fourth valves 118a, 118d to maintain the open
position of the seat 102 and lid 104. While the lid 104 is open, the plunger 204 of the plunger
valve 202 remains in the up position.

[00147] Referring now to FIG. 35, a schematic diagram illustrates the toilet seat assembly 100
in a “seat up” condition in which the seat 102 and lid 104 are maintained an open position.
Optionally, the seat 102 can be locked open due to engagement between the cam follower 148
and the helical pathway 158. In this example, all valves 118 are closed and sensors 180 operate
with the maximum sensing region 182. The plunger 204 of the plunger valve 202 is in the up
position to direct water flow (if any) to the bowl 54.

[00148] Referring now to FIG. 36, a schematic diagram illustrates the toilet seat assembly 100
in a “lid and seat close” mode during which the lid 104 and the seat 102 are moved from an open
position to a closed position. In one example, the processor 105 begins to close the seat 102 ten
seconds after first sensor(s) 180a fail to detect the presence of a person. The power is boosted to
the higher operational power state (e.g., 12 volts) and second valve 118b and third valve 118¢c
are opened to allow water from the mains water supply 60 to enter the second volume 161 of the
hydraulic cylinder 114 and drain from the first volume 160, moving piston 140 into the first
volume 160 towards position 3 while also lowering the seat 102. At position 3, the seat 102 is
down and the processor 105 receives input from position sensor 153. In response, the processor
105 continues to fill the second volume 161 to advance the piston 140 to position 2 and lower
the lid 104. Water draining from the first volume 160 is directed to the maze 115 and cleaning
cassette 106 and then to the bowl 54 via plunger valve 202, which moves to the down position as
the lid 104 closes. Cleaning solution from the cleaning cassette 106 (e.g., diluted bleach) is
sprayed into the toilet bowl 54 under pressure through nozzle 170. Additionally, the upper spray
nozzle 171 may be activated to dispense a mist or spray of cleaning solution when the lid 104 is
closed. In yet other embodiments, cleaning product 164 in the cleaning cassette 106 is dispensed

to the toilet bowl 54 separately from the nozzle 170 or upper spray nozzle 171, rather than
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mixing with the flow of water. For example, the cleaning cassette 106 is a consumable product
containing liquid cleaning product 164. Cleaning product 164 is dispensed from the cleaning
cassette 106 directly to the toilet bowl 54 by a pump, compressed air, gravity feed, or other
suitable method. Sensors 180 continue to sense within the maximum sensing region 182. Upon
reaching position 2, a position sensor 153 triggers the processor 105 to return to the quiescent
state. In one embodiment, the plunger 204 of the plunger valve 202 moves to the down position
and the system returns to the quiescent state about ten seconds after the lid 104 closes.

[00149] Referring now to FIG. 37, a schematic diagram illustrates the toilet seat assembly 100
in a “deep clean” mode. In one embodiment, deep cleaning is expected to occur once per day
(or 24-hour cycle) but can be performed more often or less often as deemed suitable by the user.
The frequency of deep cleaning can be set by the user, determined by the assembly 100 based on
use of the toilet, or set during manufacture to occur once in a given time frame (e.g., every 24
hours). Deep cleaning can be initiated automatically, manually, or both. In addition, the user
may manually initiate deep cleaning by pressing the “Deep Clean” button 107a on the user
interface 107, such as when additional or more frequent cleaning is desired. In another example,
automatic deep cleaning is not activated, so deep cleaning occurs only when the user presses the
“Deep Clean” button 107a or otherwise initiates a deep cleaning cycle.

[00150] Deep cleaning can be manually started when the user presses the deep clean button
107a on the user interface 107or otherwise indicates a selection to initiate deep cleaning. In
some embodiments, the toilet seat assembly 100 is configured to automatically initiate deep
cleaning within a predetermined length of time (e.g., 24 hours, 48 hours, 72 hours, 1 week, etc.).
For example, the processor 105 monitors when the seat 102 and lid 104 lifts occur during a 24-
hour cycle and determines the longest duration of non-use based on data collected over time
(e.g., an average over one week, two weeks, etc.). In one example, the processor 105 is
configured to select the time to initiate deep cleaning as the mid-point of the average longest
period of non-use based on recent use. Note that the 24-hour cycle need not coincide with a
calendar day and other points during the period of non-activity can be used.

[00151] Whether initiated automatically or manually, the processor 105 determines the
position of the piston 140 or cam follower 154. If the piston 140 is not in position 2 (seat 102
and lid 104 locked), the processor 105 opens valves 118 as needed to move the piston 140 to
position 2. For example, if the piston 140 is in position 1 (e.g., unlocked and ready for manual
lifting of seat 102 and lid 104), processor 105 opens the first valve 118a and the fourth valve

118d for a length of time needed to move the piston 140 to position 2. As noted above, in
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position 2, the 1id 104 and seat 102 are both closed and locked, and the plunger 204 of the
plunger valve 202 is in the down position, in accordance with some embodiments.

[00152] With the piston 140 in position 2, the processor 105 turns on the upper spray nozzle
171 to spray the lid 104 and bowl 54 with a mist or stream of cleaning solution. Optionally,
exposed portions of the seat 102 can be sprayed. In some embodiments, the upper spray nozzle
171 is operated for a relatively short time (e.g., up to 10 seconds, such as about 5 seconds). The
system power is boosted to the higher operational level (e.g., 12 volts) and the first valve 118a
and the third valve 118c¢ are opened to spray the bowl 54 using the nozzle 170 with water from
the mains water supply 60 via the maze 115 and cleaning cassette 106. In some embodiments,
this spray occurs for a relatively short duration (e.g., up to 10 seconds, such as 5 seconds). Note
that during this spray, the plunger 204 of the plunger valve 202 is down since it was moved to
the down position when the lid 104 closed. Optionally, the upper spray nozzle 171 is activated
after cleaning (e.g., about 5 seconds) using fresh water from the mains water supply 60 to clean
it. For example, the fourth valve 118d is opened to direct water to the plunger valve 202.
Longer or shorter cleaning times, intermittent or pulsed spray, combinations of high-pressure
and low-pressure spray, and other variations can be used, as will be appreciated.

[00153] In one embodiment, after deep cleaning is complete (e.g., ~10 seconds after), the
processor 105 opens the second valve 118b and the third valve 118c to move the piston 140
(back) to position 1. When the cam follower 154 is in position 1, it is disengaged from the
helical pathway 158 and the lid 104 and seat 102 are unlocked for manual raising. Following
deep cleaning, the assembly 100 returns to the quiescent state, in accordance with some
embodiments.

[00154] Referring now to FIG. 38, a flow chart illustrates processes in a method 400 of
cleaning a toilet, in accordance with one embodiment of the present disclosure. In FIG. 38,
rectangular blocks generally represent actions or processes that can be performed by processor
105, for example, and circular blocks generally represent a condition that may be input to or
detected by the processor 105. As a general overview, method 400 includes initiating 415 a
deep cleaning cycle, which may occur either automatically or manually. When the cleaning
cycle is initiated automatically 415a by the processor, for example, method 400 includes moving
430 the piston to lock the lid in a closed position (e.g., to position 2), if it is not already in this
position. Method 400 includes spraying 445 the toilet bowl, either with clean water from the
mains water supply, with a liquid mixture of water and cleaning product, or both. Method 400
also includes misting 460 the seat and lid. In one embodiment, a mist valve or atomizer is

energized to mist the seat and lid with a liquid mixture of water and cleaning product (e.g.,
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bleach). Additional details and optional processes of method 400 are discussed in more detail
below.

[00155] When method 400 involves an automatic deep cleaning cycle, several processes or
conditions may occur prior to automatically initiating 415a the deep cleaning cycle, in
accordance with some embodiments. In one such embodiment, the automatic deep cleaning is
enabled 402. In some embodiments, enabling automatic deep cleaning can be a default setting
capable of deactivation by user input, can be a setting that can be selected by the user as desired,
or can be a permanent setting. In one example in which auto cleaning is enabled 402, the
processor determines 404 the time to perform deep cleaning during a period of non-use, as
discussed above. Upon reaching the time to clean 406, the processor optionally performs a
battery check 408. If the battery has 410 sufficient power to complete the cleaning cycle, then
the processor initiates 415a the deep clean cycle. On the other hand, if the battery fails 412 the
battery check, then the processor indicates 414 a battery error to the user. After initiating 415a
the deep cleaning cycle, the processor optionally signals 416 that deep cleaning is in progress,
such as by a sequence of flashing LEDs.

[00156] Moving 430 the piston to lock the lid occurs both when automatic lifting is enabled
418 or disabled 424. When lifting is enabled, the processor receives 422 input from a position
sensor to indicate that both the seat and lid are in a closed position and the cam follower is
engaged to lock the lid closed. When auto lifting is disabled 424, on the other hand, the piston
typically is in an unlocked position (e.g., position 1) where the cam follower is disengaged to
permit manual lifting of the lid and seat. In such case, the processor moves 426 the piston to the
locked position, such as by opening the first valve and fourth valve as discussed above. The
processor receives 422 a signal from the position sensor to indicate the lid is locked 428. In this
example, the processor then closes the first valve and fourth valve to maintain the position of the
piston. Optionally, the processor disables 429 the sensors on the seat, lid, and/or shroud.
[00157] When automatic cleaning is disabled or off 432, the deep cleaning cycle can be
manually initiated 415b by the user, such as pressing the “deep clean” button. When deep
cleaning is manually initiated 415b and automatic deep cleaning is enabled, method 400
optionally includes preliminary spraying 434 water into the toilet bowl to dislodge solids. In
some embodiments, preliminary spraying 434 can alternately be performed any time deep
cleaning is initiated manually. Preliminary spraying 434 can include water only or may include
a mixture of water and cleaning product (e.g., bleach). In other embodiments, the preliminary

spraying 434 is performed only when automatic deep cleaning is disabled 432.
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[00158] Whether cleaning is initiated automatically or manually, method 400 can use an input
436 about the type of cleaner installed in the cleaning cassette to determine which valves to open
for cleaning. In one example, the user inputs a value into the user interface to indicate the
cleaning product being either solid or liquid, such as after filling or refilling the cleaning
cassette. In another example, the cleaning cassette is configured for only one form of cleaning
product and the setting is fixed or not used by the processor. In another example, the cleaning
cassette detects and communicates the form of the cleaning product to the processor. In one
such embodiment, the cleaning cassette is disposable and includes an identifier (e.g., code, chip,
or RF tag) used by the processor to identify the type of cleaner. When the cleaning cassette is
installed, the processor identifies its type and performs an algorithm appropriate to that type.
[00159] When the cleaning cassette contains a solid cleaning product 438 (e.g., a bleach
tablet), method 400 continues with spraying 460 the lid and rim. When the cleaning cassette
contains a liquid cleaning product 440 (e.g., liquid bleach), method 400 continues with spraying
445 the toilet bowl and spraying 460 the lid and rim. In one embodiment in which automatic
lifting is disabled 424, the processor unlocks 450 the lid. For example, the processor opens the
second valve and third valve to move the piston to an unlocked position (e.g., position 1) where
the cam follower is disengaged from the helical pathway and allows manual lifting of the seat
and lid.

[00160] Referring now to FIG. 39, a flow diagram shows example processes in a method 500
of opening and closing a toilet seat and/or lid, in accordance with one embodiment. Method 500
can be combined with or performed in sequence with method 400, such as when the toilet seat
assembly is configured for both cleaning and automatic lifting. As a general overview, method
500 includes major functions of opening 510 the lid, closing 530 the lid, opening 550 the seat,
and closing 570 the seat, each of which is performed with a combination of processes in this
example. Additionally, method 500 optionally includes safeguarding processes, such as
detecting an obstruction during opening or closing of a seat or lid and disabling one sensor when
another sensor detects the presence of a user.

[00161] In one embodiment, method 500 begins from a low power mode 501 in which the
toilet seat assembly “looks” for a user. For example, a first sensor on the toilet seat or lid is
active and triggered when a person is within the sensing region. When the processor receives
503 an input from the first sensor, indicating the presence of a user, additional sensors are turned
“on” 505, followed by opening 507 valves to extend the piston of the hydraulic cylinder and
begin lifting 509 the lid. In other embodiments, all sensors remain on or active when the system

is powered. After the processor receives 511 a signal from a position sensor to indicate the lid is
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open, the processor closes 513 the appropriate valves and maintains the lid in the open position.
If an obstruction is detected 515 while lifting 509 the lid, method 500 may try three times (or
some other number of times) before stopping 525. In one embodiment, after detecting 515 an
obstruction during opening, method 500 opens 534 valves to retract the piston and close 536 the
lid.

[00162] During lid opening or after it is open, the processor may receive 517 input from the
second sensor, in which case the processor opens 554 valves (or maintains the valves open) to
further extend the piston and lift 556 the seat. When the processor receives 558 input from the
position sensor to indicate the lid is open, the processor closes 560 the valves to maintain the
seat and lid in an open position. If the processor receives 563 additional second sensor input
(e.g., a hand gesture after the user finishes using the toilet) or if the processor receives 572 no
input from the first sensor for a predetermined length of time (e.g., 10-30 seconds), method 500
proceeds to closing 570 the seat. If during lifting 556 the seat an obstruction is detected 562,
method 500 can try three times (or some other number of times) before stopping 564. In one
embodiment, after detecting 562 an obstruction during opening, method 500 proceeds with
opening 574 valves to retract the piston and close 576 the seat.

[00163] Closing 570 the seat includes opening 574 valves to retract the piston and close 576
the seat. When the processor receives 580 input from a position sensor to indicate the seat has
closed, method 500 proceeds with closing 530 the lid. Alternately, when the lid is in an open
position, if no signal is received 532 for a predetermined period of time (e.g., 10-30 seconds),
thus indicating the absence of a user, method 500 continues with closing 530 the lid. In yet
another scenario, in which the lid is maintained open, and the processor continues to receive 517
input from the first sensor and additionally receives 519 input from seat sensor (e.g., a capacitive
sensor), method 500 optionally disables 521 the second sensor, such as to prevent inadvertent
attempts to open the seat while a user is sitting on it. After no input has been received 523 from
the first sensor or seat sensor, method 500 proceeds to closing 530 the lid.

[00164] Closing 530 the lid may begin upon not receiving 532 input from the first sensor for a
predetermined period of time. Closing 530 the lid continues with opening 534 valves to retract
the piston and start closing 536 the lid. The processor receiving 538 input from the position
sensor to indicate the lid is closed, method 500 continues with closing 540 valves to maintain the
lid in a closed position. Optionally, the processor disables 542 sensors for a predetermined
period of time (e.g., 10-30 seconds), followed by entering low power mode 501. If an

obstruction is detected during closing 536 the lid, method 500 can try three times (or some other
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number of times) before stopping 525. In one embodiment, after detecting 544 an obstruction
during closing 536 the lid, method 500 opens 507 valves to extend the piston and lift 509 the lid.
[00165] In some embodiments, method 500 method optionally records the number of lid lifts
in a 24-hour period, the timing of those lifts, or both. Such data can be used in the method 400

of cleaning, in accordance with some embodiments.

FURTHER EXAMPLE EMBODIMENTS

[00166] The following examples pertain to further embodiments, from which numerous
permutations and configurations will be apparent.

[00167] Example 1 is a toilet seat assembly for a toilet having a toilet bowl with a top surface
and plumbed to a mains water supply, the toilet seat assembly comprising a base configured to
be secured to the top surface of the toilet bowl; a toilet seat attached to the base and movable
between an open position and a closed position; a lid attached to the base and movable between
an open position and a closed position; and a cleaning assembly at least partially housed in the
base, the cleaning assembly including (i) a valve assembly configured to control a flow of water
between the mains water supply and an outlet to the toilet bowl, (i) a cleaning cassette
configured to contain a cleaning product and to dispense the cleaning product to the toilet bowl,
(iii) a processor configured to control operation of the valve assembly, and (iv) an energy source
electrically coupled to the processor.

[00168] Example 2 includes the subject matter of Example 1, wherein the outlet to the toilet
bowl comprises a plunger valve including a first spray nozzle, a second spray nozzle, and a drain
opening, the plunger valve including a plunger positioned for actuation by the lid, wherein when
the lid is open, the plunger is in a first position and directs water to the drain opening or the first
spray nozzle, and when the lid is closed the plunger is in a second position and directs water to
the second spray nozzle.

[00169] Example 3 includes the subject matter of Examples 1 or 2, wherein the cleaning
cassette is in fluid communication with the outlet to the toilet bowl.

[00170] Example 4 includes the subject matter of Example 2, wherein the cleaning cassette is
configured to dispense the cleaning product to the toilet bowl via the plunger valve.

[00171] Example 5 includes the subject matter of any of Examples 2-4, wherein the second
spray nozzle comprises an ultrasonic spray valve or a piezoelectric spray valve.

[00172] Example 6 includes the subject matter of any of Examples 2-5, wherein at least one

of the first spray nozzle and the second spray nozzle is a reciprocating nozzle.
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[00173] Example 7 includes the subject matter of any of any of Examples 1-6 and further
comprises a shroud on the lid, the shroud sized and generally having an annular shape consistent
with an opening of the toilet seat, the shroud extending away from an inside face of the lid and at
least partially overlapping the toilet seat when the toilet seat and the lid are in a closed position.
[00174] Example 8 includes the subject matter of Example 7, wherein the shroud blocks a
spray from the first spray nozzle and the second spray nozzle to the toilet seat.

[00175] Example 9 includes the subject matter of any of Examples 1-8, wherein the toilet seat
forms a seal with a rim of the toilet bowl.

[00176] Example 10 includes the subject matter of any of Examples 1-9, wherein the valve
assembly defines a first fluid pathway through the cleaning cassette to the toilet bowl and
defines a second fluid pathway bypassing the cleaning cassette to the toilet bowl.

[00177] Example 11 includes the subject matter of any of Examples 1-10, wherein the
processor is configured to initiate a cleaning cycle subsequent to use of the toilet. For example,
the cleaning cycles is initiated after or upon closing the lid, in response to user input, or during a
period of non-use.

[00178] Example 12 includes the subject matter of Example 11, wherein the cleaning cycle
includes a flow of water through the cleaning cassette.

[00179] Example 13 includes the subject matter of any of Examples 1-12, wherein the
cleaning cassette is removably installed in the base.

[00180] Example 14 includes the subject matter of any of Examples 1-13, wherein the
cleaning cassette includes a fluid maze upstream of the cleaning product, the fluid maze
including a plurality of alternating baffles.

[00181] Example 15 includes the subject matter of any of Examples 1-14, wherein the energy
source 18 a stored energy source.

[00182] Example 16 includes the subject matter of any of Examples 1-15 and further
comprises a hydraulic cylinder operatively connected to the toilet seat and to the lid, and fluidly
connected to the valve assembly, the hydraulic cylinder including a piston movable within the
hydraulic cylinder, the hydraulic cylinder defining a first volume on a first side of the piston and
a second volume on a second side of the piston, wherein the hydraulic cylinder is operable with
water from the mains water supply, wherein adding the water to the first volume moves the
piston in a first direction and draining the water from the first volume moves the piston in an
opposite second direction, wherein moving the piston a first distance in the first direction raises

the lid and retracting the piston the first distance in the opposite second direction lowers the lid,
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and wherein moving the piston a second distance in the first direction raises the lid and the toilet
seat, the second distance greater than the first distance.

[00183] Example 17 includes the subject matter of Example 16, wherein water drained from
the hydraulic cylinder is directed to the outlet to the toilet bowl.

[00184] Example 18 includes the subject matter of Example 16 or 17 and further comprises
one or more sensors disposed in communication with the processor and the energy source,
wherein the one or more sensors are configured to detect a person adjacent the toilet and wherein
in response to a signal from the one or more sensors the processor operates the valve assembly to
move the piston in the first direction.

[00185] Example 19 includes the subject matter of Example 18, wherein the one or more
sensors includes a first sensor on a forward end of the toilet seat or a forward end of the lid, and
a second sensor on an inside face the lid.

[00186] Example 20 includes the subject matter of Example 18 or 19, wherein the one or
more sensors are configured to detect one or more of (1) a specific movement, (ii) a sound, (iii) a
temperature differential, (iv) a general movement, and (v) an object within a predefined distance
of the one or more sensors.

[00187] Example 21 includes the subject matter of any of Examples 16-20 and further
comprises a cam follower on the piston; a lid hinge portion defining a camway along the lid
hinge portion, wherein moving the cam follower in engagement with the camway along the lid
hinge portion raises or lowers the lid; and a seat hinge portion defining a second camway along
the seat hinge portion, wherein moving the cam follower in engagement with the second
camway on the seat hinge portion raises or lowers the toilet seat.

[00188] Example 22 includes the subject matter of Example 21, wherein the camway has a
helical path along the lid hinge portion and wherein the second camway has a helical path along
the seat hinge portion.

[00189] Example 23 includes the subject matter of any of Example 18-22, wherein the
processor is configured to (i) operate the valve assembly to open the lid in response to receiving
a first signal from the one or more sensors, (i1) operate the valve assembly to open the toilet seat
in response to receiving a second signal from the one or more sensors, the second signal
subsequent to the first signal.

[00190] Example 24 includes the subject matter of Example 23, wherein the processor is
further configured to operate the valve assembly to close the lid subsequent to opening the lid
and after failing to receive a signal from the one or more sensors for a predetermined length of

time.
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[00191] Example 25 includes the subject matter of Examples 23 or 24, wherein the first signal
is in response to detecting a user within a predefined distance of the toilet.

[00192] Example 26 is a toilet seat assembly for a toilet having a toilet bowl with a top
surface and plumbed to a mains water supply, the toilet seat assembly comprising: a base
configured to be secured to a top surface of a toilet bowl; a toilet seat attached to the base and
movable between an open position and a closed position; a lid attached to the base and movable
between an open position and a closed position; a hydraulic cylinder operatively connected to
the toilet seat and to the lid, the hydraulic cylinder including a piston movable within the
hydraulic cylinder, the hydraulic cylinder defining a first volume on a first side of the piston and
a second volume on a second side of the piston, wherein the hydraulic cylinder is operable with
water from the mains water supply to open the lid and toilet seat, wherein adding the water to the
first volume moves the piston in a first direction and draining the water from the first volume
moves the piston in an opposite second direction, wherein moving the piston from a start
position to a first position opens the lid, moving the piston from the start position to a second
position opens the lid and toilet seat, and returning the piston to the start position from the
second position closes the lid and toilet seat; a valve assembly configured to control a flow of
water into and out of the hydraulic cylinder; a processor configured to control operation of the
valve assembly; one or more sensors in communication with the processor; and an energy source
electrically coupled to the processor and to the valve assembly; wherein, in response to a signal
from the one or more sensors, the processor operates the valve assembly to open or close one or
both of the toilet seat and the lid.

[00193] Example 27 includes the subject matter of Example 26, wherein the one or more
sensors comprises a first sensor on a forward end of the toilet seat or the lid and a second sensor
on an underside of the lid, on the toilet seat, or on the base.

[00194] Example 28 includes the subject matter of Examples 26 or 27, wherein the one or
more sensors are configured to detect one or more of (1) a specific movement, (ii) a sound, (iii) a
temperature differential, (iv) a general movement, and (v) an object within a predefined distance
of the one or more sensors.

[00195] Example 29 includes the subject matter of any of Examples 26-28, wherein the
processor is configured to (i) operate the valve assembly to open the lid in response to receiving
a first signal from the one or more sensors, (i1) operate the valve assembly to open the toilet seat
in response to receiving a second signal from the one or more sensors, the second signal

subsequent to the first signal.
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[00196] Example 30 includes the subject matter of Example 29, wherein the processor is
further configured to operate the valve assembly to close the lid subsequent to opening the lid
and after failing to receive a signal from the one or more sensors for a predetermined length of
time.

[00197] Example 31 includes the subject matter of Example 29 or30, wherein the first signal
is in response to detecting a user within a predefined distance of the toilet.

[00198] Example 32 includes the subject matter of any of Examples 26-31 wherein a return
force moves the piston in the second direction, at least part of the return force provided by one or
more of (1) water filling the second volume, or (i1) a spring.

[00199] Example 33 includes the subject matter of any of Examples 26-32 and further
comprises a cam follower on the piston; a lid hinge portion on the lid, the lid hinge portion
defining a first camway, wherein moving the cam follower in engagement with the first camway
raises or lowers the lid; and a seat hinge portion on the toilet seat, the seat hinge portion defining
a second camway, wherein moving the cam follower in engagement with the second camway
raises or lowers the toilet seat.

[00200] Example 34 includes the subject matter of Example 33, wherein the first camway
follows a helical pathway along the lid hinge portion and the second camway follows a helical
pathway along the seat hinge portion.

[00201] Example 35 includes the subject matter of any of Examples 26-34 and further
comprises a cleaning assembly in fluid communication with the valve assembly, the cleaning
assembly including a nozzle configured to spray water into the toilet bowl.

[00202] Example 36 includes the subject matter of Example 35, wherein the cleaning
assembly further includes a cleaning cassette configured to contain a cleaning product and to
dispense the cleaning product to the toilet bowl.

[00203] Example 37 includes the subject matter of Example 36, wherein the cleaning cassette
is in fluid communication with the nozzle.

[00204] Example 38 includes the subject matter of Example 36 or 37, wherein the cleaning
cassette is removably installed in the base.

[00205] Example 39 includes the subject matter of Examples 36-38 and further comprises a
fluid maze on the cleaning cassette, the fluid maze including a plurality of alternating baffles.
[00206] Example 40 includes the subject matter of any of Examples 35-39, wherein the
processor is configured to initiate a cleaning cycle during a period of non-use of the toilet, in
response to a user input, or subsequent to use of the toilet. For example, the cleaning cycle

includes a flow of water through the cleaning cassette to the toilet bowl.
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[00207] Example 41 includes the subject matter of any of Examples 36-40, wherein the valve
assembly defines a first fluid pathway from the hydraulic cylinder to the toilet bowl via the
cleaning assembly and defines a second fluid pathway bypassing the cleaning cassette.

[00208] Example 42 includes the subject matter of any of Examples 36-41, wherein the
cleaning assembly further includes a plunger valve including the nozzle and a drain opening, the
plunger valve including a plunger positioned for actuation by the toilet seat, wherein when the
toilet seat is open, the plunger is in a first position and directs water to the drain opening and
when the toilet seat is closed the plunger is in a second position and directs water to the nozzle.
[00209] Example 43 includes the subject matter of any of Examples 36-42, wherein the
cleaning assembly includes a mist valve in fluid communication with the cleaning cassette.
[00210] Example 44 includes the subject matter of Example 43, wherein the mist valve
comprises an ultrasonic spray valve or a piezoelectric spray valve. For example, the mist valve
is actuated by the processor.

[00211] Example 45 includes the subject matter of any of Examples 35-44 and further
comprising a shroud on the lid, the shroud sized and generally having an annular shape
consistent with an opening of the toilet seat, the shroud extending away from an inside face of
the lid and sized to overlap the toilet seat when the toilet seat and the lid are in a closed position.
[00212] Example 46 includes the subject matter of Example 45, wherein the shroud blocks a
linear path from the nozzle to the toilet seat.

[00213] Example 47 is a toilet seat assembly comprising a base; a toilet seat hingedly
attached to the base; alid hingedly attached to the base; a cleaning assembly at least partially
housed in the base, the cleaning assembly including a cleaning cassette configured to contain a
cleaning product and to dispense the cleaning product to the toilet bowl; a hydraulic cylinder on
the base and operable to open and close the toilet seat and the lid using water from a mains water
supply; a valve assembly configured to control a flow of water from the mains water supply to
the hydraulic cylinder and from the hydraulic cylinder to the toilet; a processor; and one or more
sensors disposed in communication with the processor; wherein the processor is configured to
control operation of the valve assembly in response to a signal received from the one or more
Sensors.

[00214] Example 48 includes the subject matter of Example 47, wherein, in response to
receiving a signal from the one or more sensors, the processor operates the valve assembly to
direct water from the mains water supply to the hydraulic cylinder, thereby opening the toilet

seat.
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[00215] Example 49 includes the subject matter of Example 48, wherein the processor is
further configured to direct water from the hydraulic cylinder to the toilet bowl via a pathway in
fluid communication with the cleaning cassette.

[00216] Example 50 includes the subject matter of Example 49, wherein the pathway includes
a Venturi eductor in fluid communication with the cleaning cassette.

[00217] Example 51 includes the subject matter of Example 49, wherein the pathway includes
a path through the cleaning cassette.

[00218] Example 52 includes the subject matter of Example 49, wherein the pathway includes
a nozzle configured to direct water into the toilet bowl.

[00219] Example 53 includes the subject matter of Example 52, wherein the nozzle is a
reciprocating nozzle.

[00220] Example 54 includes the subject matter of Example 52, wherein the toilet seat is
configured to form a seal with at least part of a rim of a toilet bowl when the toilet seat is in a
closed position.

[00221] Example 55 includes the subject matter of Example 54, wherein the lid forms a seal
with the toilet seat when both the lid and toilet seat are in a closed position.

[00222] Example 56 includes the subject matter of any of Examples 47-55, wherein the
cleaning cassette is removably installed in the base.

[00223] Example 57 is a method of cleaning a toilet, the method comprising providing a toilet
having a toilet bowl and a toilet seat assembly on the toilet bowl, the toilet seat assembly
including (i) a base connected to the toilet along a rear portion of the toilet bowl, (i1) a toilet seat
connected to the base and operable between an open seat position and a closed seat position, (iii)
a lid connected to the base and operable between an open lid position and a closed lid position,
(iv) a hydraulic cylinder on the base, the hydraulic cylinder operable to open and close the toilet
seat and the lid using water from a mains water supply, and (v) a cleaning assembly at least
partially housed in the base, the cleaning assembly including a cleaning cassette configured to
contain a cleaning product, a valve assembly configured to control flow of water between a
mains water supply and the toilet bowl, a nozzle configured to spray water into the toilet bowl,
one or more sensors, and a processor in communication with the one or more sensors, the
processor configured to operate the valve assembly; receiving, by the processor, a signal from
the one or more sensors; the processor operating the valve assembly to close the lid; and the
processor operating the valve assembly, in response to receiving the signal, to direct water

through the cleaning assembly and the nozzle to the toilet bowl.
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[00224] Example 58 includes the subject matter of Example 57, wherein the signal from the
one or more sensors is a second signal, the method further comprising receiving, by the
processor, a first signal from the one or more sensors, the first signal indicative of a user
adjacent the toilet; and the processor operating the valve assembly, in response to receiving the
first signal, to direct water into the hydraulic cylinder and open the lid.

[00225] Example 59 includes the subject matter of Example 58, wherein the processor
operating the valve assembly to direct water into the hydraulic cylinder also opens the toilet seat.
[00226] Example 60 includes the subject matter of Examples 58 or 59 and further comprises
detecting a gesture of a user by the one or more sensors.

[00227] Example 61 includes the subject matter of any of Examples 58-60 and further
comprises detecting a user within a predefined distance of the toilet by the one or more sensors.
[00228] Example 62 includes the subject matter of any of Examples 58-61 and further
comprises detecting a sound by the one or more sensors.

[00229] Example 63 includes the subject matter of any of Examples 58-62 and further
comprises detecting a position of a user by the one or more sensors.

[00230] Example 64 includes the subject matter of any of Examples 57-63 and further
comprises detecting a position of the hydraulic cylinder; receiving a position signal at the
processor; and in response to receiving the position signal, the processor operating the valve
assembly to maintain a position of the toilet seat and the lid.

[00231] Example 65 includes the subject matter of any of Examples 57-64, wherein providing
the toilet seat assembly includes providing a mist valve in fluid communication with the
cleaning cassette, the method further comprising the processor operating the valve assembly to
direct a liquid contained in the cleaning cassette through the mist valve.

[00232] Example 66 includes the subject matter of Example 65 and further comprises the
processor actuating the mist valve.

[00233] Example 67 is a method of operating a toilet seat assembly, the method comprising
providing a toilet having a toilet bowl and a toilet seat assembly on the toilet bowl, the toilet seat
assembly including (i) a base connected to the toilet along a rear portion of the toilet bowl, (ii) a
toilet seat connected to the base and operable between an open seat position and a closed seat
position, (ii1) a lid connected to the base and operable between an open lid position and a closed
lid position, (iv) a hydraulic cylinder on the base, the hydraulic cylinder operable to open and
close the toilet seat and the lid using water from a mains water supply, (v) one or more sensors,
and (vi) a processor in communication with the one or more sensors, the processor configured to

operate the valve assembly; receiving, by the processor, a signal from the one or more sensors,
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the signal indicative of a user adjacent the toilet; the processor operating the valve assembly to
open the lid; and the processor operating the valve assembly to close the lid.
[00234] Example 68 includes the subject matter of Example 67 and further comprises
receiving, by the processor, a second signal from the one or more sensors; and the processor
operating the valve assembly, in response to receiving the second signal, to direct water into the
hydraulic cylinder and open the toilet seat; and the processor operating the valve assembly to
close the toilet seat.
[00235] Example 69 includes the subject matter of Example 68 and further comprises the
processor determining an elapsed time with no signal from the one or more processors; and the
processor operating the valve assembly to close the lid in response to the elapsed time.
[00236] Example 70 includes the subject matter of any of Examples 67-69 and further
comprises detecting a gesture of a user by the one or more sensors.
[00237] Example 71 includes the subject matter of any of Examples 67-70 and further
comprises detecting a user within a predefined distance of the toilet by the one or more sensors.
[00238] Example 72 includes the subject matter of any of Examples 67-71 and further
comprises detecting a sound by the one or more sensors.
[00239] Example 73 includes the subject matter of any of Examples 67-72 and further
comprises detecting a user on the toilet seat by the one or more sensors.
[00240] Example 74 includes the subject matter of any of Examples 67-70 and further
comprises detecting a position of the hydraulic cylinder; receiving a position signal at the
processor; and in response to receiving the position signal, the processor operating the valve
assembly to maintain a position of the toilet seat and the lid.
[00241] Example 75 is a toilet seat assembly for a toilet having a toilet bowl with a top
surface and plumbed to a mains water supply, the toilet seat assembly comprising a base
configured to be secured to the top surface of the toilet bowl; a toilet seat attached to the base
and movable between an open position and a closed position; a lid attached to the base and
movable between an open position and a closed position; a cleaning assembly at least partially
housed in the base, the cleaning assembly including a cleaning cassette configured to contain a
cleaning product and to dispense the cleaning product to the toilet bowl; a pump configured to
control a flow of the cleaning product between the cleaning cassette and the toilet bowl; a
processor configured to control operation of the pump; and an energy source electrically coupled
to the processor.
[00242] Example 76 includes the subject matter of Example 75 and further comprises: a valve
assembly configured to control a flow of water between the mains water supply and an outlet to
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the toilet bowl, the valve assembly coupled to the processor, wherein the processor is further
configured to control operation of the valve assembly.

[00243] Example 77 includes the subject matter of Example 76, wherein the processor is
further configured to concurrently cause the flow of water from the mains water supply to the
toilet bowl and to cause the flow of the cleaning product from the cleaning cassette to the toilet
bowl.

[00244] The foregoing description of the embodiments of the disclosure has been presented
for the purpose of illustration; it is not intended to be exhaustive or to limit the claims to the
precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the above disclosure.

[00245] The language used in the specification has been principally selected for readability
and instructional purposes, and it may not have been selected to delineate or circumscribe the
inventive subject matter. It is therefore intended that the scope of the disclosure be limited not by
this detailed description, but rather by any claims that issue on an application based hereon.
Accordingly, the disclosure of the embodiments is intended to be illustrative, but not limiting, of

the scope of the invention, which is set forth in the following claims.
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What is claimed is:

1. A toilet seat assembly for a toilet having a toilet bowl with a top surface and plumbed to a
mains water supply, the toilet seat assembly comprising:
a base configured to be secured to the top surface of the toilet bowl;
a toilet seat attached to the base and movable between an open position and a closed
position;
a lid attached to the base and movable between an open position and a closed position;
a cleaning assembly at least partially housed in the base, the cleaning assembly including:
a valve assembly configured to control a flow of water between the mains water
supply and an outlet to the toilet bowl,
a cleaning cassette configured to contain a cleaning product and to dispense the
cleaning product to the toilet bowl,
a processor configured to control operation of the valve assembly; and

an energy source electrically coupled to the processor.

2. The toilet seat assembly of claim 1, wherein the outlet to the toilet bowl comprises a plunger
valve including a first spray nozzle and a second spray nozzle, the plunger valve including a
plunger positioned for actuation by the lid, wherein when the lid is open, the plunger is in a
first position and directs water to the drain opening or the first spray nozzle, and when the

lid is closed the plunger is in a second position and directs water to the second spray nozzle.

3. The toilet seat assembly of claim 2, wherein the cleaning cassette is configured to dispense

the cleaning product to the toilet bowl via the plunger valve.

4. The toilet seat assembly of claim 2, wherein at least one of the first spray nozzle and the

second spray nozzle is a reciprocating nozzle.

5. The toilet seat assembly of claim 2, wherein the second spray nozzle comprises an ultrasonic

spray valve or a piezoelectric spray valve.

6. The toilet seat assembly of 2 further comprising a shroud on the lid, the shroud sized and

generally having an annular shape consistent with an opening of the toilet seat, the shroud
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extending away from an inside face of the lid and at least partially overlapping the toilet

seat when the toilet seat and the lid are in a closed position.

7. The toilet seat assembly of claim 6, wherein the shroud blocks a linear path from the first

spray nozzle and the second spray nozzle to the toilet seat.

8. The toilet seat assembly of claim 1, wherein the toilet seat forms a seal with a rim of the toilet

bowl.

9. The toilet seat assembly of claim 1, wherein the valve assembly defines a first fluid pathway
through the cleaning cassette to the toilet bowl and defines a second fluid pathway

bypassing the cleaning cassette to the toilet bowl.

10. The toilet seat assembly of claim 1, wherein the processor is configured to initiate a cleaning

cycle subsequent to use of the toilet.

11. The toilet seat assembly of claim 1, wherein the cleaning cycle includes a flow of water

through the cleaning cassette.

12. The toilet seat assembly of claim 1, wherein the cleaning cassette is removably installed in

the base.

13. The toilet seat assembly of claim 1, wherein the cleaning cassette comprises a fluid maze
including a maze inlet, a maze outlet directing fluid to the cleaning product, and a plurality

of alternating baffles between the maze inlet and the maze outlet.

14. The toilet seat assembly of claim 1, wherein the energy source is a stored energy source.

15. The toilet seat assembly of any of claims 1-14 further comprising:

a hydraulic cylinder operatively connected to the toilet seat and to the lid, and fluidly
connected to the valve assembly, the hydraulic cylinder including a piston movable
within the hydraulic cylinder, the hydraulic cylinder defining a first volume on a first
side of the piston and a second volume on a second side of the piston, wherein the

hydraulic cylinder is operable with water from the mains water supply, wherein adding
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the water to the first volume moves the piston in a first direction and draining the water
from the first volume moves the piston in an opposite second direction;
wherein moving the piston a first distance in the first direction raises the lid and retracting
the piston the first distance in the opposite second direction lowers the lid, and
wherein moving the piston a second distance in the first direction raises the lid and

the toilet seat, the second distance greater than the first distance.

16. The toilet seat assembly of claim 15 further comprising:
one or more sensors disposed in communication with the processor, wherein the one or
more sensors are configured to detect a person adjacent the toilet and wherein in
response to a signal from the one or more sensors the processor operates the valve

assembly to move the piston in the first direction.

17. The toilet seat assembly of claim 16, wherein the one or more sensors includes a first sensor
on a forward end of the toilet seat or a forward end of the lid, and a second sensor on an

inside face the lid.

18. The toilet seat assembly of claim 16, wherein the one or more sensors are configured to
detect one or more of (i) a specific movement, (ii) a sound, (ii1) a temperature differential,
(iv) a general movement, and (v) an object within a predefined distance of the one or more

SENSors.

19. The toilet seat assembly of claim 15 further comprising:

a cam follower on the piston;

a lid hinge portion defining a camway along the lid hinge portion, wherein moving the cam
follower in engagement with the camway along the lid hinge portion raises or lowers
the lid; and

a seat hinge portion defining a second camway along the seat hinge portion, wherein
moving the cam follower in engagement with the second camway on the seat hinge

portion raises or lowers the toilet seat.

20. The toilet seat assembly of claim 19, wherein camway has a helical path along the lid hinge

portion and wherein the second camway has a helical path along the seat hinge portion.
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21. The toilet seat assembly of claim 16, wherein the processor is configured to (i) operate the
valve assembly to open the lid in response to receiving a first signal from the one or more
sensors, and (i1) operate the valve assembly to open the toilet seat in response to receiving
a second signal from the one or more sensors, the second signal subsequent to the first

signal.

22. The toilet seat assembly of claim 21, wherein the processor is further configured to operate
the valve assembly to close the lid subsequent to opening the lid and after failing to receive

a signal from the one or more sensors for a predetermined length of time.

23. The toilet seat assembly of claim 21, wherein the first signal is in response to detecting a

user within a predefined distance of the toilet.

24. A toilet seat assembly for a toilet having a toilet bowl with a top surface and plumbed to a
mains water supply, the toilet seat assembly comprising:

a base configured to be secured to a top surface of a toilet bowl,

a toilet seat attached to the base and movable between an open position and a closed

position;

a lid attached to the base and movable between an open position and a closed position;

a hydraulic cylinder operatively connected to the toilet seat and to the lid, the hydraulic
cylinder including a piston movable within the hydraulic cylinder, the hydraulic
cylinder defining a first volume on a first side of the piston and a second volume on a
second side of the piston, wherein the hydraulic cylinder is operable with water from
the mains water supply to open the lid and toilet seat, wherein adding the water to the
first volume moves the piston in a first direction and draining the water from the first
volume moves the piston in an opposite second direction, wherein moving the piston
from a start position to a first position opens the lid, moving the piston from the start
position to a second position opens the lid and toilet seat, and returning the piston to
the start position from the second position closes the lid and toilet seat;

a valve assembly configured to control a flow of water into and out of the hydraulic

cylinder;

a processor configured to control operation of the valve assembly;

one or more sensors in communication with the processor; and

an energy source electrically coupled to the processor and to the valve assembly;
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wherein, in response to a signal from the one or more sensors, the processor operates the

valve assembly to open or close one or both of the toilet seat and the lid.

25. The toilet seat assembly of claim 24, wherein the one or more sensors comprises:
a first sensor on a forward end of the toilet seat or the lid; and

a second sensor on an underside of the lid, on the toilet seat, or on the base.

26. The toilet seat assembly of claim 24, wherein the one or more sensors are configured to
detect one or more of (i) a specific movement, (ii) a sound, (iii) a temperature differential,
(iv) a general movement, and (v) an object within a predefined distance of the one or more

SENSOors.

27. The toilet seat assembly of claim 24, wherein the processor is configured to (i) operate the
valve assembly to open the lid in response to receiving a first signal from the one or more
sensors, and (i1) operate the valve assembly to open the toilet seat in response to receiving
a second signal from the one or more sensors, the second signal subsequent to the first

signal.

28. The toilet seat assembly of claim 27, wherein the processor is further configured to operate
the valve assembly to close the lid subsequent to opening the lid and after failing to receive

a signal from the one or more sensors for a predetermined length of time.

29. The toilet seat assembly of claim 27, wherein the first signal is in response to detecting a

user within a predefined distance of the toilet.

30. The toilet seat assembly of claim 24 wherein a return force moves the piston in the second
direction, at least part of the return force provided by one or more of (i) water filling the

second volume, or (ii) a spring.

31. The toilet seat assembly of claim 24 further comprising:
a cam follower on the piston;
a lid hinge portion on the lid, the lid hinge portion defining a first camway, wherein
moving the cam follower in engagement with the first camway raises or lowers the
lid; and
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a seat hinge portion on the toilet seat, the seat hinge portion defining a second camway,
wherein moving the cam follower in engagement with the second camway raises or

lowers the toilet seat.

The toilet seat assembly of claim 31, wherein the first camway follows a helical pathway
along the lid hinge portion and the second camway follows a helical pathway along the

seat hinge portion.

The toilet seat assembly of any of claims 24-32 further comprising:
a cleaning assembly in fluid communication with the valve assembly, the cleaning

assembly including a nozzle configured to spray water into the toilet bowl.

The toilet seat assembly of claim 33, wherein the cleaning assembly further includes a
cleaning cassette configured to contain a cleaning product and to dispense the cleaning

product to the toilet bowl.

The toilet seat assembly of claim 34, wherein the cleaning cassette is removably installed in

the base.

The toilet seat assembly of claim 34 further comprising a fluid maze on the cleaning

cassette, the fluid maze including a plurality of alternating baffles.

The toilet seat assembly of claim 34, wherein the processor is configured to initiate a

cleaning cycle subsequent to use of the toilet.

The toilet seat assembly of claim 34, wherein the cleaning cassette is in fluid

communication with the nozzle.

The toilet seat assembly of claim 34, wherein the valve assembly defines a first fluid
pathway from the hydraulic cylinder to the toilet bowl via the cleaning assembly, and the
valve assembly defines a second fluid pathway between the mains water supply and the

toilet bowl, the second fluid pathway bypassing the cleaning cassette.
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40. The toilet seat assembly of claim 34, wherein the cleaning assembly further includes a
plunger valve including the nozzle and a drain opening, the plunger valve including a
plunger positioned for actuation by the toilet seat, wherein when the toilet seat is open, the
plunger is in a first position and directs water to the drain opening and when the toilet seat is

closed the plunger is in a second position and directs water to the nozzle.

41. The toilet seat assembly of claim 40, wherein the cleaning assembly further includes a mist

valve in fluid communication with the cleaning cassette.

42. The toilet seat assembly of claim 41, wherein the mist valve is actuated by the processor.

43. The toilet seat assembly of claim 42, wherein the mist valve comprises an ultrasonic spray

valve or a piezoelectric spray valve.

44. The toilet seat assembly of 34 further comprising a shroud on the lid, the shroud generally
having an annular shape consistent with an opening of the toilet seat, the shroud extending
away from an inside face of the lid and sized to overlap the toilet seat when the toilet seat

and the lid are in a closed position.

4

wn

. The toilet seat assembly of claim 44, wherein the shroud blocks a linear path from the

nozzle to the toilet seat.

46. A toilet seat assembly comprising:

a base;

a toilet seat hingedly attached to the base;

a lid hingedly attached to the base;

a cleaning assembly at least partially housed in the base, the cleaning assembly including:
a cleaning cassette configured to contain a cleaning product and to dispense the

cleaning product to a toilet bowl;

a hydraulic cylinder on the base and operable to open and close the toilet seat and the lid
using water from a mains water supply;

a valve assembly configured to control a flow of water from the mains water supply to the
hydraulic cylinder and from the hydraulic cylinder to the toilet;

a processor; and
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one or more sensors disposed in communication with the processor;
wherein the processor is configured to control operation of the valve assembly in response

to a signal received from the one or more sensors.

The toilet seat assembly of claim 46, wherein, in response to receiving a signal from the
one or more sensors, the processor operates the valve assembly to direct water from the

mains water supply to the hydraulic cylinder, thereby opening the toilet seat.

. The toilet seat assembly of claim 47, wherein the processor is further configured to direct

water from the hydraulic cylinder to the toilet bowl via a pathway in fluid communication

with the cleaning cassette.

The toilet seat assembly of claim 48, wherein the pathway includes a Venturi eductor in

fluid communication with the cleaning cassette.

The toilet seat assembly of claim 48, wherein the pathway includes a path through the

cleaning cassette.

The toilet seat assembly of claim 48, wherein the pathway includes a nozzle configured to

direct water into the toilet bowl.

The toilet seat assembly of claim 51, wherein the nozzle is a reciprocating nozzle.

The toilet seat assembly of claim 51, wherein the toilet seat is configured to form a seal with

the toilet bowl when the toilet seat is in a closed position.

The toilet seat assembly of claim 53, wherein the lid forms a seal with the toilet seat when

both the lid and toilet seat are in a closed position.

The toilet seat assembly of claim 46, wherein the cleaning cassette is removably installed in

the base.
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56. A method of cleaning a toilet, the method comprising:
providing a toilet having a toilet bowl and a toilet seat assembly on the toilet bowl, the
toilet seat assembly including:
a base connected to the toilet along a rear portion of the toilet bowl;
a toilet seat connected to the base and operable between an open seat position and a
closed seat position;
a lid connected to the base and operable between an open lid position and a closed
lid position;
a hydraulic cylinder on the base, the hydraulic cylinder operable to open and close
the toilet seat and the lid using water from a mains water supply; and
a cleaning assembly at least partially housed in the base, the cleaning assembly
including:
a cleaning cassette configured to contain a cleaning product;
a valve assembly configured to control flow of water between a mains water
supply and the toilet bowl; and
a nozzle configured to spray water into the toilet bowl;
one or more sensors; and
a processor in communication with the one or more sensors, the processor
configured to operate the valve assembly;
receiving, by the processor, a signal from the one or more sensors;
the processor operating the valve assembly to close the lid; and
the processor operating the valve assembly, in response to receiving the signal, to direct

water through the cleaning assembly and the nozzle to the toilet bowl.

57. The method of claim 56, wherein the signal from the one or more sensors is a second
signal, the method further comprising:
receiving, by the processor, a first signal from the one or more sensors, the first signal
indicative of a user adjacent the toilet; and
the processor operating the valve assembly, in response to receiving the first signal, to

direct water into the hydraulic cylinder and open the lid.

58. The method of claim 57, wherein the processor operating the valve assembly to direct water

into the hydraulic cylinder also opens the toilet seat.
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59. The method of claim 57 further comprising:

detecting a gesture of a user by the one or more sensors.

60. The method of claim 57 further comprising:

detecting a user within a predefined distance of the toilet by the one or more sensors.

61. The method of claim 57 further comprising:

detecting a sound by the one or more sensors.

62. The method of claim 57 further comprising:

detecting a position of a user by the one or more sensors.

63. The method of claim 56 further comprising:
detecting a position of the hydraulic cylinder;
receiving a position signal at the processor; and
in response to receiving the position signal, the processor operating the valve assembly to

maintain a position of the toilet seat and the lid.

64. The method of claim 57, wherein providing the toilet seat assembly includes providing a
mist valve in fluid communication with the cleaning cassette, the method further
comprising:
the processor operating the valve assembly to direct a liquid contained in the cleaning

cassette through the mist valve.

65. The method of claim 64 further comprising:

the processor actuating the mist valve.

66. A method of operating a toilet seat assembly, the method comprising:
providing a toilet having a toilet bowl and a toilet seat assembly on the toilet bowl, the
toilet seat assembly including:
a base connected to the toilet along a rear portion of the toilet bowl;
a toilet seat connected to the base and operable between an open seat position and a

closed seat position;
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a lid connected to the base and operable between an open lid position and a closed
lid position;
a hydraulic cylinder on the base, the hydraulic cylinder operable to open and close
the toilet seat and the lid using water from a mains water supply; and
one or more sensors; and
a processor in communication with the one or more sensors, the processor
configured to operate the valve assembly;
receiving, by the processor, a signal from the one or more sensors, the signal indicative of
a user adjacent the toilet;
the processor operating the valve assembly to open the lid; and

the processor operating the valve assembly to close the lid.

67. The method of claim 66 further comprising:
receiving, by the processor, a second signal from the one or more sensors; and
the processor operating the valve assembly, in response to receiving the second signal, to
direct water into the hydraulic cylinder and open the toilet seat; and

the processor operating the valve assembly to close the toilet seat.

68. The method of claim 67 further comprising:
the processor identifying an elapsed time with no signal from the one or more processors;
and

the processor operating the valve assembly to close the lid.

69. The method of claim 66 further comprising:

detecting a gesture of a user by the one or more sensors.

70. The method of claim 66 further comprising:

detecting a user within a predefined distance of the toilet by the one or more sensors.

71. The method of claim 66 further comprising:

detecting a sound by the one or more sensors.

72. The method of claim 66 further comprising:
detecting a user on the toilet seat by the one or more sensors.
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73. The method of claim 66 further comprising:
detecting a position of the hydraulic cylinder;
receiving a position signal at the processor; and
in response to receiving the position signal, the processor operating the valve assembly to

maintain a position of the toilet seat and the lid.

74. A toilet seat assembly for a toilet having a toilet bowl with a top surface and plumbed to a
mains water supply, the toilet seat assembly comprising:

a base configured to be secured to the top surface of the toilet bowl;

a toilet seat attached to the base and movable between an open position and a closed
position;

a lid attached to the base and movable between an open position and a closed position;

a cleaning assembly at least partially housed in the base, the cleaning assembly including

a cleaning cassette configured to contain a cleaning product and to dispense the cleaning
product to the toilet bowl;

a pump configured to control a flow of the cleaning product between the cleaning cassette
and the toilet bowl;

a processor configured to control operation of the pump; and

an energy source electrically coupled to the processor.

75. The toilet seat assembly of claim 74 further comprising:
a valve assembly configured to control a flow of water between the mains water supply
and an outlet to the toilet bowl, the valve assembly coupled to the processor, wherein

the processor is further configured to control operation of the valve assembly.
76. The toilet seat assembly of claim 75, wherein the processor is further configured to

concurrently cause the flow of water from the mains water supply to the toilet bowl and to

cause the flow of the cleaning product from the cleaning cassette to the toilet bowl.
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