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ABSTRACT

Method of adjusting a timing of a flush valve based on demand, comprising: detecting, with a
network device, a number of mobile devices associated a restroom having a flush valve;
determining that the number of mobile devices meets a predetermined threshold; and, in response
to that determination, determining an adjusted flush time for the flush valve; and adjusting a flush
time of the flush valve to the adjusted flush time, such that the adjusted flush time reduces an

amount of water used for a flush.
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SYSTEM, METHOD, AND APPARATUS FOR MONITORING RESTROOM
APPLIANCES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates generally to restroom appliances and, in one particular
embodiment, to a system, method, and apparatus for monitoring and/or managing multiple
restroom appliances.

Technical Considerations

[0002] In most waste water systems, such as the flushing systems for urinals, commodes,
and the like, the valves associated with these systems are prone to wear, leaks, and other
maintenance issues. With continued or prolonged use over time, or as the internal components
of the valve wear, it is not uncommon for these known flush valves to provide a different
amount of water per flush than they were originally designed to provide. For example, a flush
valve originally designed to provide 1.6 gallons per flush when new may eventually provide 2
or more gallons per flush due to valve component wear or use. For large applications, such as
hospitals, prisons, stadiums, apartment buildings, and the like, this can lead to an increase in
water usage and cost. Additionally, these known flush valves cannot compensate for variations
in water pressure during the flushing cycle that can also affect the amount of water per flush
the valve provides. In addition to valves, other restroom appliances wear with continued usage
and require regular maintenance.

[0003] Moreover, flush valves in certain locations may experience variations in usage.
While a particular flush time may be appropriate for standard usage, frequent usage of multiple
flush valves in one facility or restroom may cause a drop in water pressure that limits or
prevents additional flushes from occurring.

[0004] Therefore, it would be advantageous to provide a system, method, and apparatus
that reduces or climinates at least some of the problems associated with known restroom
appliances.

SUMMARY OF THE INVENTION

[0005] According to a non-limiting embodiment of the present invention, provided is a
system for monitoring flush valves, comprising: a plurality of flush valves arranged in at least
one restroom of a building, each flush valve of the plurality of flush valves comprising a
communication device configured to transmit flush valve data; and at least one controller in

communication with each flush valve of the plurality of flush valves, the at least one controller
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programmed or configured to: collect the flush valve data from each flush valve of the plurality
of flush valves; and determine if a first flush valve of the plurality of flush valves is in need of
servicing or replacement based at least partially by comparing flush valve data for the first flush
valve with flush valve data for at lcast one other flush valve of the plurality of flush valves.
[0006] In non-limiting embodiments, cach flush valve of the plurality of flush valves may
comprise a pressure sensor, and the flush valve data of each flush valve of the plurality of flush
valves may comprise a pressure associated with that flush valve. Moreover, the at least one
controller may be further programmed or configured to determine that the first flush valve is
in need of servicing or replacement by determining that a pressure associated with the first
flush valve differs by more than a predefined tolerance from a value comprising at least one of
the following: a pressure of the at least one other flush valve, an average of pressures of the
plurality of flush valves or a subset of flush valves of the plurality of flush valves, a median
pressure of the plurality of flush valves or a subset of flush valves of the plurality of flush
valves, or any combination thereof.

[0007] In non-limiting embodiments, the at least one controller is programmed or
configured to determine that the first flush valve is in need of servicing or replacement by
determining that the flush valve is used less frequently than at least one of the following: the
at least one other flush valve, an average number of uses of the plurality of flush valves or a
subset of flush valves of the plurality of flush valves, a median number of uses of the plurality
of flush valves or a subset of flush valves of the plurality of flush valves, or any combination
thereof. In other non-limiting embodiments, the at least one controller may be programmed or
configured to determine that the first flush valve is in need of servicing or replacement by
determining that the flush valve is used less frequently than other restroom appliances in the
restroom, the other restroom appliances comprising at least one of the following: a faucet, a
hand dryer, a towel dispenser, a soap dispenser, or any combination thercof.

[0008] In non-limiting embodiments, the at least one controller may comprise a controller
internal to the first flush valve and/or a central controller. In some non-limiting embodiments,
cach flush valve of the plurality of flush valves may comprise an individual controller, and the
at least one controller may comprise at least one individual controller of at least one flush valve
of the plurality of flush valves.

[0009] According to another non-limiting embodiment of the present invention, provided
is a system for monitoring restroom appliances, comprising: a plurality of restroom appliances
arranged in at least one restroom of a building, each restroom appliance of the plurality of

restroom appliances comprising a commumication device configured to transmit appliance data;
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and at least one controller in communication with each restroom appliance of the plurality of
restroom appliances, the at least one controller programmed or configured to: receive the
appliance data from cach restroom appliance of the plurality of restroom appliances; and
determine if a first restroom appliance of the plurality of restroom appliances is in need of
servicing or replacement based at lcast partially by comparing appliance data for the first
restroom appliance with appliance data for at lcast one other restroom appliance of the plurality
of restroom appliances.

[0010] In non-limiting embodiments, the at least one controller may be programmed or
configured to determine that the first restroom appliance is in need of servicing or replacement
by determining that the first restroom appliance is used less frequently than other restroom
appliances of the plurality of restroom appliances. Determining that the first restroom
appliance is used less frequently than other restroom appliances may comprise determining that
a number of uses of the first restroom appliance is less than, or less than by more than a
predefined tolerance, at least one of the following: a number of uses of the at least one other
restroom appliance, an average number of uses of the plurality of restroom appliances or a
subset of restroom appliances of the plurality of restroom appliances, a median number of uses
of the plurality of restroom appliances or a subset of restroom appliances of the plurality of
restroom appliances, or any combination thercof.

[0011] In non-limiting embodiments, the plurality of restroom appliances may comprise at
least onc of the following: a flush valve, a faucet, a hand dryer, a towel dispenser, a soap
dispenser, or any combination thereof. Moreover, the at least one controller may comprise at
least one of the following: a controller intemal to the first flush valve, a central controller, at
least one controller of a plurality of controllers internal to each of the plurality of restroom
appliances, or any combination thercof.

[0012] According to another non-limiting embodiment of the present invention, provided
is a method for monitoring a plurality of restroom appliances arranged in a restroom, each
restroom appliance of the plurality of restroom appliances comprising a communication device
configured to transmit appliance data, comprising: collecting, with at least one controller,
appliance data from each restroom appliance of the plurality of restroom appliances;
comparing, with at least one controller, appliance data received from a first restroom appliance
of the plurality of restroom appliances to appliance data received from at least one other
restroom appliance of the plurality of restroom appliances; determining, with at least one
controller, if the first restroom appliance is in need of servicing or replacement based at least

partially on the comparison of appliance data; and in response to determining that the first
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restroom appliance is in need of servicing or replacement, generating, with at least one
controller, a least one alert or message identifying the first restroom appliance data.

[0013] In non-limiting embodiments, determining if the first restroom appliance is in need
of servicing or replacement may comprise determining that the first restroom appliance is used
less frequently than other restroom appliances of the plurality of restroom appliances.
Moreover, determining that the first restroom appliance is used less frequently than other
restroom appliances may comprise determining that a number of uses of the first restroom
appliance is less than, or less than by more than a predefined tolerance, at least one of the
following: a number of uses of the at least one other restroom appliance, an average number of
uses of the plurality of restroom appliances or a subset of restroom appliances of the plurality
of restroom appliances, a median number of uses of the plurality of restroom appliances or a
subset of restroom appliances of the plurality of restroom appliances, or any combination
thereof.

[0014] In non-limiting embodiments, the plurality of restroom appliances may comprise a
plurality of flush valves, wherein cach flush valve of the plurality of flush valves comprises a
pressure sensor, and wherein the appliance data of each flush valve of the plurality of flush
valves comprises a pressure of that flush valve.

[0015] In non-limiting embodiments, determining if the first restroom appliance is in need
of servicing or replacement may comprise determining that a pressure associated with the first
restroom appliance differs by more than a predefined tolerance from a value comprising at least
one of the following: a pressure of the at least one other restroom appliance, an average of
pressures of the plurality of restroom appliances or a subset of restroom appliances of the
plurality of restroom appliances, a median pressure of the plurality of restroom appliances or a
subset of restroom appliances of the plurality of restroom appliances, or any combination
thereof. Moreover, determining that the pressure associated with the first flush valve differs
by more than the predefined threshold from the value may comprise determining that the
pressure associated with the first flush valve is less than the value by at least the predefined
tolerance.

[0016] According to a further non-limiting embodiment of the present invention, provided
is a system for optimizing a timing of a flush valve to provide a consistent flush volume,
comprising: (a) a flush valve comprising a flow arca and a solenoid configured to open the
flush valve; (b) at least one pressure sensor configured to measure a pressure in the flush valve;
and (c) at least one controller in communication with the at least one pressure sensor and the

solenoid, the at least one controller programmed or configured to: (i) control the solenoid to
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open the flush valve for a flush time in response to a flush request; (ii) measure a pressure in
the flush valve to obtain at least one flush valve pressure; (iii) adjust the flush time based at
least partially on the at least one flush valve pressure, resulting in an adjusted flush time; and
(iv) control the solenoid to open the flush valve for the adjusted flush time in response to a
flush request.

[0017] In non-limiting embodiments of the system for optimizing a timing of a flush valve,
the flush time may be adjusted to the adjusted flush time based at least partially on a number
of uses of the flush valve. Further, the at least one controller may be further programmed or
configured to increment a counter each time the flush valve is flushed, wherein the number of
uses is based on the counter. In some non-limiting embodiments, the at least one controller
measures the pressure in the flush valve to obtain the at least one flush valve pressure by
obtaining at least one static pressure prior to a flush of the flush valve and at Ieast one dynamic
pressure during a flush of the flush valve. The flush time may be adjusted to the adjusted flush
time based at least partially on the at least one static pressure, the at least one dynamic pressure,
and the flow arca of the flush valve. The flush time may also be adjusted to the adjusted flush
time based at least partially on a number of uses of the flush valve.

[0018] In non-limiting embodiments of the system for optimizing a timing of a flush valve,
the adjusted flush time is less than the flush time to provide a consistent flush after the flow
arca of the flush valve has worn with usage. Moreover, in non-limiting embodiments, the at
least controller may be further programmed or configured to determine a water volume usage
per flush, and determine the adjusted flush time based at least partially on the water volume
usage per flush. The water volume usage per flush may be based at least partially on the at
least one flush valve pressure and a number of uses of the flush valve.

[0019] According to another non-limiting embodiment of the present invention, provided
is a flush valve controller for optimizing a timing of a flush valve to provide a consistent flush
volume, the flush valve controller configured to execute program instructions stored thereon
or in communication therewith that cause the flush valve controller to: receive, from a pressure
sensor disposed in the flush valve, at least one flush valve pressure within the flush valve;
control a solenoid disposed in the flush valve to cause the flush valve to open for a flush time;
adjust the flush time based at least partially on the at least one flush valve pressure, resulting
in an adjusted flush time; and control the solenoid disposed in the flush valve to cause the flush
valve to open for the adjusted flush time.

[0020] In non-limiting embodiments of the flush valve controller for optimizing a timing

of a flush valve, the flush time may be adjusted to the adjusted flush time based at least partially
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on a number of uses of the flush valve. Further, in non-limiting embodiments the flush valve
controller may be further programmed or configured to: determine a water volume usage per
flush, and determine the adjusted flush time based at least partially on the water volume usage
per flush. The water volume usage per flush may be determined based at least partially on the
at least one flush valve pressure and a number of uses of the flush valve.

[0021] In non-limiting embodiments of the flush valve controller for optimizing a timing
of a flush valve, the at least one flush valve pressure within the flush valve that is received from
the at least one pressure sensor comprises at least one static pressure prior to a flush of the flush
valve and at least one dynamic pressure during the flush of the flush valve. The flush time may
be adjusted to the adjusted flush time based at least partially on the at least one static pressure,
the at least one dynamic pressure, and a flow area of the flush valve. The flush time may also
be adjusted to the adjusted flush time based at least partially on a number of uses of the flush
valve.

[0022] In non-limiting embodiments of the flush valve controller for optimizing a timing
of a flush valve, the flush valve controller may comprise at least one controller disposed in the
flush valve or at least one central controller in communication with a plurality of flush valves,
and the flush valve controller may be further programmed or configured to store the at least
one flush valve pressure in at least one data storage device.

[0023] According to a further non-limiting embodiment of the present invention, provided
is a method for optimizing a timing of a flush valve to provide a consistent flush volume, the
flush valve comprising a flow area, a solenoid configured to open the flush valve to provide a
flush through the flow arca, and at least one pressure sensor arranged in the flush valve,
comprising: measuring at least one flush valve pressure within the flush valve from data
received from the at least one pressure sensor; controlling the solenoid to cause the flush valve
to open for a flush time; adjusting the first flush time based at lcast partially on the at lcast one
flush valve pressure, resulting in an adjusted flush time; and controlling the solenoid to cause
the flush valve to open for the adjusted flush time.

[0024] In non-limiting embodiments of the method for optimizing a timing of a flush valve,
the flush time may be adjusted to the adjusted flush time based at least partially on a number
of uses of the flush valve. Further, measuring the at least one flush valve pressure may
comprise obtaining, from the at least one pressure sensor, at least one static pressure prior to a
flush of the flush valve and at least one dynamic pressure during a flush of the flush valve. The
flush time may be adjusted to the adjusted flush time based at least partially on the at least one

static pressure, the at least one dynamic pressure, and the flow area of the flush valve. The
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flush time may also be adjusted to the adjusted flush time based at least partially on a number
of uses of the flush valve.

[0025] In non-limiting embodiments of the method for optimizing a timing of a flush valve,
the method may include the further steps of determining a water volume per usage of the at
least one flush valve, and determining the adjusted flush time based at least partially on the
water volume per usage.

[0026] A summary of the present invention is provided in the following numbered clauses:
[0027] Clause 1: A system for monitoring flush valves, comprising: (a) a plurality of flush
valves arranged in at least one restroom of a building, each flush valve of the plurality of flush
valves comprising a communication device configured to transmit flush valve data; and (b) at
least one controller in communication with cach flush valve of the plurality of flush valves, the
at least one controller programmed or configured to: (i) receive the flush valve data from each
flush valve of the plurality of flush valves; and (ii) determine if a first flush valve of the
plurality of flush valves is in need of servicing or replacement based at least partially by
comparing flush valve data for the first flush valve with flush valve data for at least one other
flush valve of the plurality of flush valves.

[0028] Clause 2: The system of clause 1, wherein each flush valve of the plurality of flush
valves comprises a pressure sensor, and wherein the flush valve data of each flush valve of the
plurality of flush valves comprises a pressure associated with that flush valve.

[0029] Clause 3: The system of clause 2, wherein the at least one controller is programmed
or configured to determine that the first flush valve is in need of servicing or replacement by
determining that a pressure associated with the first flush valve differs by more than a
predefined tolerance from a value comprising at least one of the following: a pressure of the at
least one other flush valve, an average of pressures of the plurality of flush valves or a subset
of flush valves of the plurality of flush valves, a median pressure of the plurality of flush valves
or a subset of flush valves of the plurality of flush valves, or any combination thereof.

[0030] Clause 4: The system of any of clauses 1-3, wherein the at least one controller is
programmed or configured to determine that the first flush valve is in need of servicing or
replacement by determining that usage of the flush valve is less than, or less than by more than
a predefined tolerance, at least one of the following: the at least one other flush valve, an
average number of uses of the plurality of flush valves or a subset of flush valves of the plurality
of flush valves, a median number of uses of the plurality of flush valves or a subset of flush

valves of the plurality of flush valves, or any combination thercof.
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[0031] Clause 5: The system of any of clauses 1-4, wherein the at least one controller is
programmed or configured to determine that the first flush valve is in need of servicing or
replacement by determining that the flush valve is used less frequently than other restroom
appliances in the restroom, the other restroom appliances comprising at least one of the
following: a faucet, a hand dryer, a towel dispenser, a soap dispenser, or any combination
thereof.

[0032] Clause 6: The system of any of clauses 1-5, wherein the at least one controller
comprises a controller internal to the first flush valve.

[0033] Clause 7: The system of any of clauses 1-6, wherein the at least one controller
comprises a central controller.

[0034] Clause 8: The system of any of clauses 1-7, wherein each flush valve of the plurality
of flush valves comprises an individual controller, and wherein the at least one controller
comprises a central controller or at least one individual controller of at least one flush valve of
the plurality of flush valves.

[0035] Clause 9: A system for monitoring restroom appliances, comprising: (a) a plurality
of restroom appliances arranged in at least one restroom of a building, each restroom appliance
of the plurality of restroom appliances comprising a communication device configured to
transmit appliance data for that respective restroom appliance; and (b) at least one controller in
communication with each restroom appliance of the plurality of restroom appliances, the at
least one controller programmed or configured to: (i) receive the appliance data from each
restroom appliance of the plurality of restroom appliances; and (ii) determine if a first restroom
appliance of the plurality of restroom appliances is in need of servicing or replacement based
at least partially by comparing appliance data for the first restroom appliance with appliance
data for at least one other restroom appliance of the plurality of restroom appliances.

[0036] Clause 10: The system of clause 9, wherein the at least one controller is
programmed or configured to determine that the first restroom appliance is in need of servicing
or replacement by determining that the first restroom appliance is used less frequently than
other restroom appliances of the plurality of restroom appliances.

[0037] Clause 11: The system of clause 10, wherein determining that the first restroom
appliance is used less frequently than other restroom appliances comprises determining that a
number of uses of the first restroom appliance is less than, or less than by more than a
predefined tolerance, at least one of the following: a number of uses of the at least one other
restroom appliance, an average number of uses of the plurality of restroom appliances or a

subset of restroom appliances of the plurality of restroom appliances, a median number of uses
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of the plurality of restroom appliances or a subset of restroom appliances of the plurality of
restroom appliances, or any combination thercof.

[0038] Clause 12: The system of any of clauses 9-11, wherein the plurality of restroom
appliances comprises at least one of the following: a flush valve, a faucet, a hand dryer, a towel
dispenser, a soap dispenser, or any combination thercof.

[0039] Clause 13: The system of any of clauses 9-12, wherein the at least one controller
comprises at least one of the following: a controller intemal to the first flush valve, a central
controller, at least one controller of a plurality of controllers intemal to each of the plurality of
restroom appliances, or any combination thercof.

[0040] Clause 14: A method for monitoring a plurality of restroom appliances arranged in
a restroom, each restroom appliance of the plurality of restroom appliances comprising a
communication device configured to transmit appliance data, comprising: collecting, with at
least one controller, appliance data from each restroom appliance of the plurality of restroom
appliances; comparing, with at least one controller, appliance data received from a first
restroom appliance of the plurality of restroom appliances to appliance data received from at
Ieast one other restroom appliance of the plurality of restroom appliances; determining, with at
least one controller, if the first restroom appliance is in need of servicing or replacement based
at least partially on the comparison of appliance data; and in response to determining that the
first restroom appliance is in need of servicing or replacement, generating, with at least one
controller, at least one alert or message identifying the first restroom appliance data.

[0041] Clause 15: The method of clause 14, wherein determining if the first restroom
appliance is in need of servicing or replacement comprises determining that the first restroom
appliance is used less frequently than other restroom appliances of the plurality of restroom
appliances.

[0042] Clause 16: The method of clause 15, wherein determining that the first restroom
appliance is used less frequently than other restroom appliances comprises determining that a
number of uses of the first restroom appliance is less than, or less than by more than a
predefined tolerance, at least one of the following: a number of uses of the at least one other
restroom appliance, an average number of uses of the plurality of restroom appliances or a
subset of restroom appliances of the plurality of restroom appliances, a median number of uses
of the plurality of restroom appliances or a subset of restroom appliances of the plurality of
restroom appliances, or any combination thercof.

[0043] Clause 17: The method of any of clauses 14-16, wherein the plurality of restroom

appliances comprises a plurality of flush valves, wherein each flush valve of the plurality of
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flush valves comprises a pressure sensor, and wherein the appliance data of each flush valve of
the plurality of flush valves comprises a pressure of that flush valve.

[0044] Clause 18: The method of clause 17, wherein determining if the first restroom
appliance is in need of servicing or replacement comprises determining that a pressure
associated with the first restroom appliance differs by more than a predefined tolerance from a
value comprising at least one of the following: a pressure of the at least one other restroom
appliance, an average of pressures of the plurality of restroom appliances or a subset of
restroom appliances of the plurality of restroom appliances, a median pressure of the plurality
of restroom appliances or a subset of restroom appliances of the plurality of restroom
appliances, or any combination thercof.

[0045] Clause 19: The method of clause 18, wherein determining that the pressure
associated with the first flush valve differs by more than the predefined threshold from the
value comprises determining that the pressure associated with the first flush valve is less than
the value by at least the predefined tolerance.

[0046] Clause 20: A system for optimizing a timing of a flush valve to provide a consistent
flush volume, comprising: (a) a flush valve comprising a flow area and a solenoid configured
to open the flush valve; (b) at least one pressure sensor configured to measure a pressure in the
flush valve; and (c) at least one controller in communication with the at Ieast one pressure
sensor and the solenoid, the at least one controller programmed or configured to: (i) control the
solenoid to open the flush valve for a flush time in response to a flush request; (ii) measure a
pressure in the flush valve to obtain at least one flush valve pressure; (iii) adjust the flush time
based at least partially on the at least one flush valve pressure, resulting in an adjusted flush
time; and (iv) control the solenoid to open the flush valve for the adjusted flush time in response
to a flush request.

[0047] Clause 21: The system of clause 20, wherein the flush time is adjusted to the
adjusted flush time based at least partially on a number of uses of the flush valve.

[0048] Clause 22: The system of clause 21, wherein the at least one controller is further
programmed or configured to: increment a counter each time the flush valve is flushed, and
wherein the number of uses is based on the counter.

[0049] Clause 23: The system of any of clauses 19-21, wherein the at least one controller
measures the pressure in the flush valve to obtain the at least one flush valve pressure by
obtaining at least one static pressure prior to a flush of the flush valve and at least one dynamic

pressure during a flush of the flush valve.
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[0050] Clause 24: The system of clause 23, wherein the flush time is adjusted to the
adjusted flush time based at least partially on the at least one static pressure, the at least one
dynamic pressure, and the flow area of the flush valve.

[0051] Clause 25: The system of clause 24, wherein the flush time is adjusted to the
adjusted flush time based at least partially on a number of uses of the flush valve.

[0052] Clause 26: The system of any of clauses 19-25, wherein the adjusted flush time is
Iess than the flush time to provide a consistent flush after the flow area of the flush valve has
worn with usage.

[0053] Clause 27: The system of any of clauses 19-26, wherein the at least controller is
further programmed or configured to: determine a water volume usage per flush; and determine
the adjusted flush time based at least partially on the water volume usage per flush.

[0054] Clause 28: The system of clause 27, wherein the water volume usage per flush is
based at least partially on the at least one flush valve pressure and a number of uses of the flush
valve.

[0055] Clause 29: A flush valve controller for optimizing a timing of a flush valve to
provide a consistent flush volume, the flush valve controller configured to execute program
mstructions stored thereon or in communication therewith that cause the flush valve controller
to: receive, from a pressure sensor disposed in the flush valve, at least one flush valve pressure
within the flush valve; control a solenoid disposed in the flush valve to cause the flush valve to
open for a flush time; adjust the flush time based at least partially on the at least one flush valve
pressure, resulting in an adjusted flush time; and control the solenoid disposed in the flush
valve to cause the flush valve to open for the adjusted flush time.

[0056] Clause 30: The flush valve controller of clause 29, wherein the flush time is adjusted
to the adjusted flush time based at least partially on a number of uses of the flush valve.
[0057] Clause 31: The flush valve controller of any of clauses 29-30, wherein the flush
valve controller is further programmed or configured to: determine a water volume usage per
flush; and determine the adjusted flush time based at lcast partially on the water volume usage
per flush.

[0058] Clause 32: The flush valve controller of clause 31, wherein the water volume usage
per flush is determined based at least partially on the at least one flush valve pressure and a
number of uses of the flush valve.

[0059] Clause 33: The flush valve controller of any of clauses 29-32, wherein the at least

one flush valve pressure within the flush valve received from the at least one pressure sensor

11

Date Regue/Date Received 2021-03-11



comprises at least one static pressure prior to a flush of the flush valve and at least one dynamic
pressure during the flush of the flush valve.

[0060] Clause 34: The flush valve controller of clause 33, wherein the flush time is adjusted
to the adjusted flush time based at Ieast partially on the at least one static pressure, the at least
one dynamic pressure, and a flow area of the flush valve.

[0061] Clause 35: The flush valve controller of clause 34, wherein the flush time is adjusted
to the adjusted flush time based at least partially on a number of uses of the flush valve.
[0062] Clause 36: The flush valve controller of any of clauses 29-35, wherein the flush
valve controller comprises at least one controller disposed in the flush valve or at least one
central controller in communication with a plurality of flush valves, and wherein the flush valve
controller is further programmed or configured to store the at least one flush valve pressure in
at least one data storage device.

[0063] Clause 37: A method for optimizing a timing of a flush valve to provide a consistent
flush volume, the flush valve comprising a flow area, a solenoid configured to open the flush
valve to provide a flush through the flow area, and at least one pressure sensor arranged in the
flush valve, comprising: measuring at least one flush valve pressure within the flush valve from
data received from the at least one pressure sensor; controlling the solenoid to cause the flush
valve to open for a flush time; adjusting the first flush time based at least partially on the at
least one flush valve pressure, resulting in an adjusted flush time; and controlling the solenoid
to cause the flush valve to open for the adjusted flush time.

[0064] Clause 38: The method of clause 37, wherein the flush time is adjusted to the
adjusted flush time based at least partially on a number of uses of the flush valve.

[0065] Clause 39: The method of any of clauses 37-38, wherein measuring the at least one
flush valve pressure comprises obtaining, from the at least one pressure sensor, at least one
static pressure prior to a flush of the flush valve and at least one dynamic pressure during a
flush of the flush valve.

[0066] Clause 40: The method of clause 39, wherein the flush time is adjusted to the
adjusted flush time based at least partially on the at lcast one static pressure, the at least one
dynamic pressure, and the flow area of the flush valve.

[0067] Clause 41: The method of clause 40, wherein the flush time is adjusted to the
adjusted flush time based at least partially on a number of uses of the flush valve.

[0068] Clause 42: The method of any of clauses 37-41, further comprising: determining a
water volume per usage of the at least one flush valve; and determining the adjusted flush time

based at least partially on the water volume per usage.
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[0069] Clause 43: A computer-implemented method of adjusting a timing of at least one
flush valve based on demand, comprising: (a) detecting, with at least one network device, a
number of mobile devices in an area associated with at least one restroom, the at least one
restroom comprising the at least one flush valve; (b) determining, with at least one processor,
that the number of mobile devices in the area meets or exceeds at least one predetermined
threshold; and (c) in response to determining that the number of mobile devices in the area
meets or exceeds the at least one predetermined threshold: (i) determining, with at least one
processor, an adjusted flush time for the at least one flush valve; and (i1) adjusting, with at lcast
one processor, a flush time of the at least one flush valve to the adjusted flush time, such that
the adjusted flush time reduces an amount of water used for a flush.

[0070] Clause 44: The computer-implemented method of clause 43, wherein the number
of mobile devices is detected by: monitoring wircless signals received by the at least one
network device from a plurality of sources; analyzing, with at least one processor, the wireless
signals to identify a plurality of device identifiers; and determining, with at least one processor,
the number of mobile devices based at least partially on the plurality of device identifiers.
[0071] Clause 45: The computer-implemented method of clause 44, wherein the wireless
signals comprise at least one of the following: a signal configured to identify wireless networks,
a signal configured to identify wircless devices, a signal responsive to a request signal, or any
combination thereof.

[0072] Clause 46: The computer-implemented method of any of clauses 43-45, wherein
the at least one restroom comprises the area.

[0073] Clause 47: The computer-implemented method of any of clauses 43-46, wherein
the at least one flush valve comprises a plurality of flush valves arranged in the at least one
restroom.

[0074] Clause 48: The computer-implemented method of any of clauses 43-47, wherein
the area comprises a building, and wherein the at least one restroom comprises a plurality of
restrooms arranged within the building.

[0075] Clause 49: The computer-implemented method of any of clauses 43-48, wherein
the area comprises a portion of a building, and wherein the at least one restroom comprises a
plurality of restrooms arranged within the portion of the building.

[0076] Clause 50: The computer-implemented method of any of clauses 43-49, wherein
the number of mobile devices is detected by: generating at least one request signal configured
to activate at least one passive mobile device; and analyzing signals received from the at least

one passive mobile device in response to the at least one request signal.

13

Date Regue/Date Received 2021-03-11



[0077] Clause 51: The computer-implemented method of any of clauses 43-50, wherein
the at least one predetermined threshold comprises a plurality of predetermined thresholds,
wherein each predetermined threshold of the plurality of predetermined thresholds is associated
with a different adjusted flush time, and wherein determining the adjusted flush time comprises
identifying the adjusted flush time that corresponds to the at least one predetermined threshold
that the number of mobile devices is determined to meet or exceed.

[0078] Clause 52: The computer-implemented method of any of clauses 43-51, further
comprising: determining, with at least one processor, whether the number of mobile devices in
the area is equal to or less than at least onc predetermined threshold; and in response to
determining that the number of mobile devices in the area is equal to or less than the at least
one predetermined threshold: determining, with at least one processor, a new adjusted flush
time for the at least one flush valve; and adjusting, with at least one processor, the adjusted
flush time of the at least one flush valve to the new adjusted flush time, such that the new
adjusted flush time increases an amount of water used for a flush.

[0079] Clause 53: A system for adjusting a timing of at lcast one flush valve based on
demand, comprising: a plurality of flush valves arranged in at least one restroom, wherein each
of the plurality of flush valves comprises a solenoid configured to open and close a respective
flush valve based on a flush time; a network device arranged in or proximate to an area
associated with the at least one restroom, the network device configured to receive wireless
signals; and at least one processor in communication with the network device and the plurality
of flush valves, the at least one processor programmed or configured to: (i) detect, based on
wireless signals received by the network device, a number of mobile devices in the area; (i)
determine whether the number of mobile devices in the area meets or exceeds at least one
predetermined threshold; and (iii) in response to determining that the number of mobile devices
in the areca meets or exceeds the at least one predetermined threshold, adjusting the flush time
of each of the plurality of flush valves to an adjusted flush time, such that the adjusted flush
time reduces an amount of water used for a flush.

[0080] Clause 54: The system of clause 53, wherein the at least one processor is further
programmed or configured to determine the adjusted flush time in response to determining that
the number of mobile devices in the arca meets or exceeds the at least one predetermined
threshold.

[0081] Clause 55: The system of clause 54, whercin the at least one predetermined
threshold comprises a plurality of predetermined thresholds, wherein each predetermined

threshold of the plurality of predetermined thresholds is associated with a different adjusted
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flush time, and wherein the adjusted flush time is determined by identifying the adjusted flush
time that corresponds to the at least one predetermined threshold that the number of mobile
devices is determined to meet or exceed.

[0082] Clause 56: The system of any of clauses 53-55, wherein the number of mobile
devices is detected by: monitoring wireless signals received from a plurality of sources;
analyzing the wireless signals to identify a plurality of device identifiers; and determining the
number of mobile devices based at least partially on the plurality of device identifiers.

[0083] Clause 57: The system of any of clauses 53-56, wherein the wireless signals
comprise at lcast one of the following: a signal configured to identify wireless networks, a
signal configured to identify wireless devices, a signal responsive to a request signal, or any
combination thereof.

[0084] Clause 58: The system of any of clauses 53-57, wherein the at least one restroom
comprises the area.

[0085] Clause 59: The system of any of clauses 53-58, wherein the arca comprises a
building or a portion of a building, and wherein the at least one restroom comprises a plurality
of restrooms arranged within the building or the portion of the building.

[0086] Clause 60: The system of any of clauses 53-59, wherein the at least one processor
is further programmed or configured to determine the number of mobile devices by: generating
at least one request signal configured to activate at least one passive mobile device; and
analyzing signals received from the at least one passive mobile device in response to the at
least one request signal.

[0087] Clause 61: The system of any of clauses 53-60, wherein the at least one processor
is further programmed or configured to: determine whether the number of mobile devices in
the area is equal to or less than at least onc predetermined threshold; and in response to
determining that the number of mobile devices in the area is equal to or less than the at least
one predetermined threshold: determine a new adjusted flush time for the at least one flush
valve; and adjust the flush time of the at least one flush valve to the new adjusted flush time,
such that the new adjusted flush time increases an amount of water used for a flush.

[0088] Clause 62: A computer program product for adjusting a timing of at least one flush
valve based on demand, comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at least one processor, causes the at least
one processor to: detect, based on wireless signals received by a network device, a number of
mobile devices in an area associated with at least one restroom, the at least one restroom

comprising a plurality of flush valves; determine whether the number of mobile devices in the
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arca meets or exceeds at least one predetermined threshold; and in response to determining that
the number of mobile devices in the arca meets or exceeds the at least one predetermined
threshold, adjust the flush time of cach of the plurality of flush valves to an adjusted flush time,
such that the adjusted flush time reduces an amount of water used for a flush.

[0089] These and other features and characteristics of the present invention, as well as the
methods of operation and functions of the related elements of structures and the combination
of parts and economies of manufacture, will become more apparent upon consideration of the
following description and the appended claims with reference to the accompanying drawings,
all of which form a part of this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be expressly understood, however, that the
drawings are for the purpose of illustration and description only and are not intended as a
definition of the limits of the invention. As used in the specification and the claims, the singular

[P E T4
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form of an”, and “the” include plural referents unless the context clearly dictates
otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] Additional advantages and details of the invention are explained in greater detail
below with reference to the exemplary embodiments that are illustrated in the accompanying
schematic figures, in which:

[0091] FIG. 1 is a schematic diagram for a system for monitoring restroom appliances
according to the principles of the present invention;

[0092] FIG. 2 is another schematic diagram for a system for monitoring restroom
appliances according to the principles of the present invention;

[0093] FIG. 3 is a further schematic diagram for another system for monitoring restroom
appliances according to the principles of the present invention;

[0094] FIG. 4 is a flow diagram for a method of monitoring wear in a flush valve according
to the principles of the present invention;

[0095] FIG. 5 is flow diagram for another method of monitoring wear in a flush valve
according to the principles of the present invention;

[0096] FIG. 6 is another flow diagram for a further method of monitoring wear in a flush
valve according to the principles of the present invention;

[0097] FIG. 7 is a further flow diagram for a method of monitoring restroom appliances
according to the principles of the present invention;

[0098] FIG. 8 is a flow diagram for a method of adjusting a flush time on a flush valve

according to the principles of the present invention;
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[0099] FIG. 9 is another flow diagram for a method of adjusting a flush time on a flush
valve according to the principles of the present invention;

[00100] FIGS. 10A-10C arc charts illustrating the relationship between pressure, flow rate,
flush volume, and flush time for flush valves;

[00101] FIG. 11 is a schematic diagram for a system for adjusting a flush time on a plurality
of flush valves according to the principles of the present invention; and

[00102] FIG. 12 is a flow diagram for a method of adjusting a flush time on a plurality of
flush valves according to the principles of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

< P44

[00103] As used herein, spatial or directional terms, such as “up”, “down”, “above”,

% <c EE IS

“below™, “top”, “bottom”, and the like, relate to the invention as it is shown in the drawing
figures. However, it is to be understood that the invention can assume various alternative
orientations and, accordingly, such terms are not to be considered as limiting. Further, all
numbers expressing dimensions, physical characteristics, processing parameters, quantities of
ingredients, reaction conditions, and the like used in the specification and claims are to be
understood as being modified in all instances by the term “about” Accordingly, unless
indicated to the contrary, the numerical values set forth in the following specification and
claims are approximations that can vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, ecach numerical value
should at least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Moreover, all ranges disclosed herein are to be understood to
encompass any and all subranges subsumed therein. For example, a stated range of “1 to 10~
should be considered to include any and all subranges between (and inclusive of) the minimum
value of 1 and the maximum value of 10; that is, all subranges beginning with a minimum value
of 1 or more and ending with a maximum value of 10 or less, e.g., 1 to 6.1,3.51t0 7.8, 5.5 to
10, etc.

[00104] The term “mechanical relief” refers to a relief device or system that does not require
electricity or electrical power to function in a pressure relieving capacity. The term “electronic
relief” refers to a relief device or system that utilizes electricity or electrical power to function
in a pressure relieving capacity.

[00105]  As used herein, the terms “communication” and “communicate” refer to the receipt
or transfer of one or more signals, messages, commands, or other type of data. For one unit or

component to be in communication with another unit or component means that the one umit or
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component is able to directly or indirectly receive data from and/or transmit data to the other
unit or component. This can refer to a direct or indirect connection that may be wired and/or
wireless in nature. Additionally, two units or components may be in communication with each
other even though the data transmitted may be modified, processed, and/or routed between the
first and second unit or component. For example, a first unit may be in communication with a
second unit even though the first unit passively receives data and does not actively transmit
data to the second unit. As another example, a first unit may be in communication with a
second unit if an intermediary unit processes data from one unit and transmits processed data
to the second unit. It will be appreciated that numerous other arrangements are possible.
[00106] It will be appreciated that various types of restroom appliances may be used in
connection with the present invention. The term “restroom appliance™ may refer to, for
example, one or more valves (flush valves, faucet valves, shower valves, etc.), paper towel or
toilet paper dispensers, toilet paper holders, hand dryers, soap dispensers, and/or other like
devices and/or components thereof used in a restroom environment. In some non-limiting
embodiments, the restroom appliances may include flush valves. U.S. Patent No. 9,389,157,
entitled “Method of Monitoring Wear in a Diaphragm Valve Using Pressure Detection”,
describes valves that may be used in connection with the present invention, although it will be
appreciated that various other types of valves, plumbing equipment, restroom appliances, and
arrangements may be used in connection with embodiments of the present invention.

[00107] Referring now to FIG. 1, a system 1000 for monitoring restroom appliances is
shown according to a non-limiting embodiment. As shown, restroom appliances 102, 108, 114
arc arranged in a room 124. Each restroom appliance includes a respective controller 104, 110,
116 and a communication device 106, 112, 118. However, it will be appreciated that one or
more restroom appliances 102, 108, 114 may share a common controller and/or communication
device. Inthe embodiment shown in FIG. 1, the restroom appliances are arranged in a restroom
124 but it will be appreciated that the appliances may also be arranged in multiple restrooms
of one or more buildings. The controllers 104, 110, 116 may include any suitable computing
device, such as a microprocessor, CPU, and/or the like. The communication devices 106, 112,
118 may include any device capable of transmitting and/or receiving data such as, but not
limited to, a wircless network adapter, Bluetooth® adapter, Ethemnet adapter, radio transceiver,
and/or any other wired or wireless mechanism for communicating data.

[00108] With continued reference to FIG. 1, the system 1000 also includes a central
controller 120 and a central data storage device 122. The central controller 120 may be central

to a particular restroom 124, a group of restrooms in a building, or even one or more buildings.
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The central controller 120 is in communication with each of the communication devices 106,
112, 118 via another communication device (not shown) associated with the central controller
120. In this manner, the central controller 120 collects appliance data from each of the restroom
appliances 102, 108, 114 and stores it in the central data storage device 122. The central data
storage device 122 may include any memory device capable of storing data in one or more data
structures such as, for example, one or more hard drives having one or more databases stored
thereon. The appliance data may include, for example, pressure data (e.g., an internal water
pressure before, during, or after usage of the appliance), usage data (e.g., a number of uses over
a period of time), a water usage (e.g., an amount of water per usage or over a period of time),
and/or any other data relating to the restroom appliances 102, 108, 114. The appliance data
may be transmitted upon each usage of a restroom appliance or in batches, and may represent
discrete usage information or aggregate (e.g., average or median) usage information.

[00109] Referring now to FIG. 2, a system 1000 for monitoring restroom appliances is
shown according to another non-limiting embodiment. Here, the restroom appliances include
flush valves 202, 210. Each flush valve 202, 210 of the system 1000 is associated with a flush
toilet 200, 208. The flush valves 202, 210 arc cach controlled by a respective controller 204,
212. It will appreciated that each controller 204, 212 may also control one or more flush valves
of other restroom appliances, and that, in some examples, a single controller 204 may be used.
The controller 204 may be located directly in or on the valve 202 or at some other location
(e.g., in a chase area, behind an appliance or wall, and/or the like). The controller 204 is in
communication with a data storage device 206 to store detected water pressures and other
appliance data. It will be appreciated that, in some examples, the data storage device 206 may
be internal or external to the controller 204 and local or remote to the controller 204. In a
preferred and non-limiting embodiment, each flush valve 202, 210 has its own controller 204,
212 and data storage device 206, 214. However, in other non-limiting embodiments and as
described elsewhere herein, a central controller and/or a central data storage device common
to multiple flush valves may also be used.

[00110]  Still referring to FIG. 2, the controller 204 is in communication with the controller
212 for another flush valve 210 installed in the same restroom, facility, or region thereof. The
controllers 204, 212 may also be in communication with other controllers (not shown) for
several other restroom appliances in a given area, facility, or portion thereof. It will be
appreciated that all restroom appliances in a restroom, part of a room, group of rooms, building,
or region may be in communication with one another. In this manner, the controller 204 may

determine the water pressure after operation of the flush valve 202 and compare it to a previous
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water pressure stored in the data storage device 206. If the determined water pressure is less
than the previous water pressure, or if the difference between the two pressures is greater than
a predefined threshold, the controller 204 may then obtain a water pressure stored in the data
storage device 214 associated with another controller 212. In this manner, the water pressure
of another flush valve 210 can be compared to the water pressure of the flush valve 202 to
determine if an unexpected decrease in water pressure is specific to the flush valve 202 or due
to some other problem affecting other flush valves 210 in the same facility. The previous
pressure may include, for example, one or more pressures for a new flush valve kit. The
pressures for a new flush valve kit may be in the form of a pressure profile curve representing
water pressure over a time period to effectuate a desired flush volume (e.g., represented by the
arca under the curve). As the flush valve wears, the pressure profile curve will change (e.g.,
more time required at a lower pressure to achieve the same flush volume), indicating that the
flush valve is in need of repair or replacement.

[00111] In non-limiting embodiments, and with continued reference to FIG. 2, a controller
204 for a particular valve 202 may poll the pressures of other flush valves 210 or restroom
appliances to determine if the valve 202 is faulty. This polling may occur in response to a
determination that a detected pressure of the valve 202 is less than a previous detected pressure
of the same valve 202 or may occur regardless of what the detected pressure is. For example,
if the pressure of the valve 202 is detected to be 45 PSI, one or more flush valves 210 in
proximity to the valve 202 may be polled for comparison. If the pressure(s) of one or more
proximate flush valves 210 is 60 PSI, then it can be determined that the valve 202 is faulty.
Likewise, if the pressure(s) of one or more proximate flush valves 210 is also 45 PSI, or within
a predefined tolerance range from 45 PSI, it can be determined that the valve 202 is not faulty.
[00112] Referring now to FIG. 3, a system 1000 for monitoring restroom appliances is
shown according to another non-limiting embodiment. In this embodiment, a plurality of
restroom appliances (e.g., flush valves) 216, 218, 220, 222 cach have associated controllers
224,226, 228, 230. In this example, the controllers 224, 226, 228, 230 arc in communication
with a central controller 232, such as a computer system, server, or other type of data processor.
The central controller 232 may be located local or remote to the controllers 224, 226, 228, 230
and may be in communication with a central data storage device 234. It will be appreciated
that, as shown in FIG. 2, the controllers 204, 212 may also be in communication with one
another directly.

[00113] With continued reference to FIG. 3, in operation, the controllers 224, 226, 228, 230

communicate the water pressures detected within the respective flush valves 216, 218, 220,
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222 to the central controller 232, and the water pressures are then stored in the central data
storage device 234. In this manner, a particular controller 224 may receive a water pressure of
any other flush valve 218, 220, 222 to compare to the water pressure of its respective flush
valve 216. For example, if the water pressure for the flush valve 216 is less than a previous
water pressure, or if the difference between the two pressures is greater than a predefined
tolerance (e.g., n PSI), the controller 224 may then receive one or more water pressures stored
in the central data storage device 234 for comparison. An average or median of water pressures
stored in the central data storage device 234 may be calculated and compared to the water
pressure of the flush valve 216 to determine if an unexpected change in water pressure is
specific to the flush valve 216 or duc to some other problem that may affect other flush valves
218, 220, 222 in the same facility (e.g., a building-wide pressure drop).

[00114] The valves used in connection with the present invention may have pressure
monitoring capabilities such as those described by U.S. Patent No. 9,389,157, entitled “Method
of Monitoring Wear in a Diaphragm Valve Using Pressure Detection”. For example, the valves
may include a pressure transducer that continually monitors a fluid pressure within the valve.
The pressure transducer may also monitor the pressure at specific times, such as when the
actuator is activated, when the valve opens or closes, or at predefined intervals. When the actuator
is activated or at some other point during usage of a valve, a controller may send a signal to the
transducer to sense the static fluid pressure. Based upon this static pressure, a flush time (in some
examples, a solenoid activation time) is calculated to achieve a desired flush volume. The
transducer may remain powered during the flush to monitor the dynamic fluid pressure and to adjust
the flush time. Moreover, the controller may be programmed to supply power to the pressure
transducer at intermittent time periods, such as every 10 minutes, to intermittently monitor the
internal pressure within the valve.

[00115] The pressure monitoring function of the transducer may be utilized as a
maintenance function for the valve. For example, the internal components of diaphragm valves
typically wear over time, which can result in prolonged fluid flow therethrough, wasting
substantial amounts of water. Often, such wear causes the valve to take a longer period of time
in order to reseal the diaphragm based upon the time required to build up water pressure within
the valve at the inlet side of the diaphragm. The controller in communication with the pressure
transducer may be programmed to detect the fluid pressure within the valve after a certain
period of time after a normal flush is requested and effected. The typical range of time required
to achieve the water pressure necessary to cffect resealing of the diaphragm and closure of the

valve is known based on normal operation of the valve. A comparison of the water pressure
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after a normal flush at the known time period can provide information regarding the wear of
the valve. For example, if the water pressure detected after the predetermined time period is
lower than the typical water pressure value as known, the valve may require servicing or
replacement. A signal including this information may be transmitted to a central processing
unit, which may then generate an alert to notify the maintenance staff that servicing is required.
[00116] In non-limiting embodiments, the valve may be determined to be in need of service
or replacement by detecting the water pressure and comparing it to one or more values. For
example, a controller may be associated with one or more flush valves. The controller may be
in communication with a pressure transducer that is located within the flush valve and
configured to detect a water pressure internal to the valve after operation. In some non-limiting
embodiments, the pressure may be detected when a specified period of time clapses after
operation of the flush valve. As an example, this period of time may be a time which, during
normal operation (e.g., when the valve is new or is otherwise in acceptable working condition),
results in the flush valve being resealed. It will be appreciated that such a period of time may
be a preset value or, in other instances, determined dynamically from historical data, time
periods associated with past operation of the valve, time periods associated with other valves,
and/or the like.

[00117] In non-limiting embodiments, the value that is compared to the detected pressure
may be determined and/or identified in various ways. For example, a comparison pressure
value may be detected from the same flush valve before activation of the valve, when the valve
is activated, and/or after a previous activation of the flush valve and completion of the flush
cycle. Further, as explained herein, the comparison pressure value may also be a pressure of
one or more other flush valves, an average of pressures of one or more other flush valves,
and/or the like. In some non-limiting examples, the comparison pressure may be based on a
previous or historical pressure for a particular valve in addition to a pressure of one or more
other valves. In such examples, the pressure values of the one or more other valves may be
used to verify that a difference between a detected pressure of the valve and one or more
previous pressures of the valve is not due to some extemal factor (e.g., a pressure drop affecting
an entire building, facility, or portion thereof). The comparison pressure value may also be set
by a user through a controller associated with the flush valve or through a remote device or
iterface in commumication with the controller. For example, the comparison pressure may be
set through a user interface of a central controller, through a controller local to the valve, and/or
in various other ways. Further, as explained above, the comparison pressure may include a

curve representing changes in pressure over a flush time period. The curve may be a profile
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for a new flush valve kit determined from initial pressure readings, or may be an expected
profile for a flush valve having a particular number of uses or history.

[00118] In non-limiting embodiments, the valve may be determined to be faulty and in need
of servicing or replacement if two or more detected pressures are less than one or more previous
pressures for the valve or if the difference of two or more detected pressures is greater than a
specified threshold. In these embodiments, false alarms and erroneous alerts can be avoided
by waiting for at least one other comparison before determining if the valve is faulty. For
example, if a first pressure is 60 PSI and the next detected pressure is 45 PSI, the drop in
pressure could be determined to be an anomaly. Accordingly, in these non-limiting examples,
a third pressure (or a predefined number of additional pressures) may be detected before
determining that the valve is faulty. For example, if a third pressure is also 45 PSI, it may be
determined that the valve is indeed faulty and that the second pressure of 45 PSI was not an
anomaly. Likewise, if the third pressure is 60 PSI, it may be determined that the second
pressure of 45 PSI was an anomaly and that the valve does not require servicing or replacement.
Similarly, if a predefined number of additional pressures are also 45 PSI or less than 60 PSI, it
may be determined that the valve is faulty.

[00119] Referring now to FIG. 4, a method for determining that a flush valve needs to be
serviced or replaced is shown according to a non-limiting embodiment. At a first step 400, a
water pressure is detected within the flush valve at a predetermined time after the flush valve
is operated. As explained above, the predetermined time may be preset in the system or
determined in some other way prior to detecting the pressure. The water pressure may also be
detected at any time prior to a subsequent operation of the flush valve. For example, the water
pressure may be detected before activating the valve in response to receiving a command to
activate the valve. After the water pressure is detected at the predetermined time, the pressure
is compared with another water pressure value in a second step 402. As an example, the
detected water pressure may be compared with a typical water pressure associated with normal
(e.g., not faulty) operation of the valve. As explained above, other values may also be
compared to the detected water pressure such as, for example, a previously measured water
pressure for the flush valve, a pressure for another flush valve in the same facility as the flush
valve, an average of pressures of a plurality of flush valves, and/or the like.

[00120] With continued reference to FIG. 4, the comparison of the detected water pressure
with another water pressure at step 402 may result in a difference between the values of the
respective pressures. At step 404, it is determined if the difference is greater than a threshold

(or outside a predefined tolerance range) such as, but not limited to, a predefined value. If the
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difference between pressures does not exceed the threshold, or does not exceed the threshold
by more than a tolerance amount, it may be determined that the valve is not faulty or that any
leaking or pressure differential is minimal and the valve does not need to be serviced or
replaced. It will be appreciated that, in other non-limiting embodiments, a tolerance or
threshold may not be used and any difference in pressure may result or factor into a
determination that a valve is faulty. If the difference does exceed the threshold, or if there is a
difference between pressures, the method may proceed to step 406 at which it is determined
that the flush valve needs to be serviced or replaced. At step 408, an alert may be sent. The
alert may be in the form of an indicator light, email, phone call, text message, notification in a
graphical user interface, record in a database, or by any other means. If there is no difference,
or if the difference is not significant, the method may repeat after the next flush of the valve at
step 410.

[00121] In non-limiting embodiments, and as described herein, one or more valves may
share a common controller. In such examples, a pressure detected in one valve may be used to
determine if another valve is faulty and in need of service or replacement. However, in other
examples, such as the non-limiting embodiment shown in FIG. 1, different controllers may be
used to operate a plurality of valves, and the respective controllers may be in communication
with each other using various wired and wircless techniques and protocols. In further
examples, the respective controllers may be in communication with a common central
controller. In non-limiting embodiments, Bluctooth®, WiFi®, necar-field communication
(NFC), and/or other wireless communication protocols may be used to communicate among
controllers. Using pressure readings from other valves may help determine if a particular valve
installed in the same facility is faulty, or if a difference in pressure is due to some other reason
such as, for example, a pressure drop affecting the entire building or facility.

[00122] Referring again to FIG. 2, in non-limiting embodiments the valves 202, 210 may
be in communication with each other through their respective controllers 204, 212 in several
different configurations. Restroom appliance data may be shared between the valves 202, 210
directly or through a local and/or remote controller that receives and distributes the data. In
this manner, the controllers of the valves can detect an error by comparing its data with data
from other valves. For example, if there are six valves in an area, those six valves can be
considered a group and one or more controllers of the valves can determine an anomaly or
aberration (e.g., if one of the valves is not being used but the others are) indicating that the
valve may be faulty or in need of service (e.g., clogged toilet, needs to be cleaned, out of toilet

paper, etc.). In this manner, faults that are not able to be detected mechanically or electrically,
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such as the need for cleaning, toilet paper, or the like, can be determined based on a number of
uses (or lack thereof) relative to other appliances.

[00123] Moreover, those skilled in the art will appreciate that numerous other devices used
in a restroom, including but not limited to valves, hand dryers, paper towel dispensers, toilet
paper holders, soap dispensers, and the like, may be made sclf-aware using the systems and
methods described herein. In this manner, each device, or a central processor, can compare
data from the other similarly equipped devices and detect and report anomalies and aberrations
that indicate faulty operation. For example, if the system determines that the valves are being
used to flush but that the hand dryers and/or paper towel dispensers are not being used at a
similar frequency, it can be determined that those appliances may need service or repair.
Likewise, if there are multiple hand dryers and/or paper towel dispensers in a restroom and one
or more of these appliances are used less frequently than the others, it may be determined that
those appliances may need service or repair. It will be appreciated that various other
comparisons between restroom appliance data for similar or different types of appliances may
indicate the need for service or repair.

[00124] Referring again to FIG. 3, in a preferred and non-limiting embodiment, the system
1000 is used to gather information from various restroom appliances, and control and program
such appliances and other devices (e.g., flush valves 216, 218, 220, 222 and/or controllers 224,
226,228,230) through a communication protocol. For example, the collected restroom appliance
data may be stored in a data storage device 234 and processed with one or more algorithms and/or
software routines to determine water consumption, a number of operations, when maintenance is
required (e.g., batteries need replacing, device failure, etc.), pressure of the appliances, and other
useful analytical information. This restroom appliance data may also be used to schedule
preventative maintenance, service calls, order parts, and/or the like. In some non-limiting
embodiments, such scheduling may be at least partially automated. As an example, paper towels
may be automatically ordered based on a number of uses of one or more dispensers.

[00125] The restroom appliance data that may be gathered from the restroom appliances 216,
218, 220, 222 and/or controllers 224, 226, 228, 230 includes, but is not limited to, flush counts,
pressure, light, RFID data, battery power, communication range, infrared (IR) pulse count,
solenoid current, communication status/information, location, and/or mode (e.g., automatic,
manual override, etc.). It will be appreciated that, in non-limiting embodiments, restroom
appliance data may also include information sensed and/or collected concerning the

environment in which an appliance is installed. Such environmental data may include, for
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example, ambient light levels (e.g., luminosity), sound levels, humidity, and/or the like, as
detected by one or more sensors in a restroom.

[00126] In a preferred and non-limiting embodiment, the restroom appliance data comprises
a number of uses (e.g., flushes) of a flush valve or other restroom appliance in a given period of
time. For example, a programmatic counter could be incremented each time a flush valve is used
since a previous replacement of the valve or a component thereof (e.g., a diaphragm). In this
manner, preventative maintenance can be scheduled and performed prior to failure of the flush
valve so that water is not continually running and being wasted. Replacements and repairs may
be tracked by various means including, for example, RFID tags, barcodes, unique identifiers in
on¢ or more databases, or the like. By knowing and tracking battery voltage, it can also be
determined if a battery is close to the end of its lifespan and the central controller 732, in
response to such a determination, may alert staff for replacement. Alerts may be effectuated
via email, text message, pop-up or push notifications, status lights, and/or the like.

[00127] Moreover, restroom appliance data can be used to configure and optimize
restroom appliances. For example, using a detected pressure and the number of uses/flushes of
a valve, the timing of the valve can be adjusted to optimize water consumption. For example,
one¢ or more algorithms may be used to determine water usage from the water pressure and the
number of uses. This information can be used to limit or set a timing of the valve. Timing
systems arc described in U.S. Patent Application Publication No. 2014/0379145, entitled
“Removable Time Adjusting Device, System, and Method for Adjusting an Electronic Plumbing
Controller”. The timing of a flush valve may be determined, for example, based at least partially
on a static pressure before a flush, the flow area of the flush valve, and the dynamic pressure
during the flush. In this manner, the flush time can be adjusted to provide a consistent amount
of water per flush even if the building pressure fluctuates during the flush.

[00128] Referring back to FIG. 2, a system 1000 of flush toilets 200, 208 and associated
controllers 204, 212 is shown according to a non-limiting embodiment. The flush valves 202,
210 cach have, disposed therein, one or more pressure sensors (not shown) for measuring one or
more pressures within one or more regions of the flush valve 202, 210 body. Pressure sensors
may also be associated with one or more flush valves 202, 210 but located outside of the flush
valve 202, 210 bodies, such as in a control stop or other plumbing apparatus connected to the
flush valves 202, 210. The controllers 204, 212 arc respectively programmed to cause the flush
valve to operate (e.g., open or close) and to obtain measurements from the one or more pressure
sensors. The controllers 204, 212 may be initially programmed to cause the flush valves 202,

210 to flush with a given flush time (e.g., 1.5 seconds). If flush valve 202 is used more than flush
26

Date Regue/Date Received 2021-03-11



valve 210, for example, the flush valve 202 may have more wear. Thus, to provide a consistent
flush volume it may be desirable to adjust the predefined flush time for one or more flush valves
202, 210. Such an adjustment may be made automatically upon determining that the pressure
and/or amount of usage is within a tolerance of one or more predefined values. The flush times
may be adjusted continuously or, in other examples, periodically at scheduled intervals. It will
be appreciated that various arrangements are possible.

[00129] The flow area of a flush valve 202, 210 may include, for example, the flow arca
of a bypass hole in an upper chamber of the valve as described in U.S. Patent No. 9,389,157, As
this flow area wears over time, it may cause the upper chamber to fill more quickly and therefore
causes a shorter flush with less water. This can be seen based on the shut-off time from when
the solenoid closes and the upper chamber fills to seal the valve. Thus, the number of flushes
may also be used to determine a flush time because, as the valve is wormn with multiple uses, the
algorithm may be adjusted with respect to the flow area of the flush valve to provide a consistent
flush. As an example, if a normal shut-off time is 1.5 seconds, and the flow area has wormn to the
point where the shut-off time is 1.0 second, the flush time can be adjusted by 0.5 seconds to
provide a consistent flush. Conversely, if the bypass hole is not worn but the valve body is wom
where water flows from the main into the valve, the water usage will increase (for example, 1.7
gallons rather than a desired 1.6 gallons).

[00130] The controller 204, 212 can determine that the dynamic pressure is lower than it has
been historically and, in response to this determination, can adjust the flush time to a shorter flush
time to compensate for the larger flow area to the fixture and maintain a decreased water usage.
Accordingly, a flush time may be adjusted based upon one or more pressures in the valve, a usage
amount of a flush valve, and/or any other restroom appliance data. As an example, an adjustment
may be automatically made to a flush time in response to a programmatic counter reaching a
predefined number of uses. Such a counter may be incremented each time the flush valve is
operated, as indicated by actuation of an actuator, activation of a hands-free sensor, water
pressure fluctuations, and/or the like. Thus, the number of uses may independently affect the
flush time and, in other non-limiting examples, may be factored into an adjusted flush time along
with one or more pressures obtained from one or more pressure sensors disposed in or associated
with the flush valve. In another example, an adjustment to a flush time may be automatically
made based on an amount of toilet paper used and/or remaining (e.g., as determined by weight
or mass). It will be appreciated that any type of restroom appliance data may be used to adjust

the flush time.
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[00131] In non-limiting embodiments, an aggregate pressure for an arca may be used to
control appliance and/or water usage. For example, by knowing an aggregate water pressure for
a plumbing network, the activation of valves can be limited or staggered to ensure optimal
pressure. With reference to FIG. 3 as an example, the pressure of a plurality of flush valves 216,
218, 220, 222 may be monitored in a restroom and used to control the timing of the flush valves.
In such an example, if the water pressure for the restroom is low due to multiple uses, one or
more controllers 224, 226, 228, 230, 232 may limit the flushing of other valves until the pressure
is stabilized or until a predetermined period of time elapses. For example, if valves 216, 218,
220 are being used and the total water pressure available to all valves is low, use of valve 222
may be limited until the pressure is stabilized. The pressures may also be analyzed to determine
trends and/or patterns based on one or more parameters such as, but not limited to, time, usage,
and/or the like. By comparing detected pressures with trends and/or historical data, the system
can determine if a valve is rumning or leaking, as examples, and generate an alert to the emergency
or need for repair.

[00132] With reference to FIG. 3, in a preferred and non-limiting embodiment, the restroom
appliance data received from the plurality of flush valves 216, 218, 220, 222 may include
solenoid currents for each of the flush valves, and the controller 232 may analyze the solenoid
currents to determine trends and patterns of such currents. Using this current information, the
controller 232 can be determined whether a solenoid is failing. For example, if past currents are
compared to an actual current, it may be determined based on this comparison that the current is
increasing. Based on the increasing current trend, it can be determined that the solenoid is or
may be failing. For example, if the trend of detected currents shows a significant increase in
current, it can be determined that the solenoid did not open and no flush occured. Current
increases as power is supplied to the solenoid coil and a small “dip” in the current trend represents
amoment when the plunger moves off of the seat of the valve. The system can therefore analyze
historic current trends to determine if there is an error or fault with the solenoid or the plunger
and that service or replacement is needed. For example, if at 60 PSI the small “dip” in current
consistently happens at 0.3 seconds, and then increases (for example, to 0.4 seconds and then 0.5
seconds), it can be determined that there is an error or fault. If the system does not recognize the
small “dip™ in current, it can be determined that the plunger did not move and is therefore stuck,
or that the solenoid windings in the coil have failed, and that service or replacement is required.
[00133] Referring now to FIG. 5, a method for determining that a flush valve needs to be
serviced or replaced is shown according to another non-limiting embodiment. At a first step

500, the at least one first water pressure is detected after at least one operation of the flush
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valve. For example, this step may entail detecting a single water pressure at a time period
following operation of the flush valve or detecting a series of water pressures following a series
of operations of the flush valve. The one or more water pressures are stored in memory at a
second step 502. At a third step 504, a subsequent water pressure is detected after a subsequent
operation of the flush valve. For example, the subsequent operation may be the next operation
following the operation(s) in step 500, or may be otherwise subsequent to the operation(s) in
step 500. At anext step 506, the subsequent water pressure is compared to the at least one first
water pressure that was stored in memory at step 502. This step 506 may entail comparing the
subsequent water pressure to a previous water pressure, comparing the subsequent water
pressure to an average of previous water pressures, and/or the like. In some examples, the
previous water pressure recorded at step 502 may immediately precede the subsequent
operation of the flush valve and, in other examples, the previous water pressure(s) recorded at
step 502 may be from an carlier operation of the flush valve. Various other arrangements are
possible.

[00134] With continued reference to FIG. 5, at a next step 508, it is determined whether the
subsequent water pressure detected is less than the at least one first water pressure previously
detected and recorded. This step 508 may, in some examples, entail determining if the
subsequent water pressure is less than the at least one first water pressure, or if the difference
in pressure exceeds a predefined threshold. For example, if the predefined difference is 5 PSI,
the subsequent water pressure is 58 PSI, and the previous water pressure (or average of previous
water pressures) is 60 PSI, the difference between the subsequent water pressure and the
previous water pressure is within the 5 PSI threshold and it may therefore be determined that
the flush valve is not faulty. However, it will be appreciated that, in other examples, a
predefined difference may not be factored into the determination and any water pressure less
than a previous water pressure may be enough to determine that the flush valve is faulty.
Accordingly, if it is determined that the subsequent water pressure is less than one or more
previous water pressures (or if the difference exceeds a predefined threshold), the method may
proceed to step 510 at which it is determined that the flush valve needs servicing or
replacement. At step 512, an alert may be generated and/or transmitted to a remote device
indicating that the flush valve needs servicing or replacement. If, at step 508, the water pressure
is not less than one or more previous water pressures (or if the difference is less than a
threshold), the method may continue through the next flush 514 and repeat from step 504. In

this example, the subsequent water pressure may become a previous water pressure, and a new

29

Date Regue/Date Received 2021-03-11



subsequent water pressure may be detected for the next operation of the flush valve. Other
variations are possible.

[00135] Referring now to FIG. 6, a method for determining that a flush valve needs to be
serviced or replaced is shown according to a further non-limiting embodiment. At a first step
600, a plurality of water pressures are detected from each of a plurality of flush valves. The
plurality of flush valves, for example, may be installed in a common facility. The plurality of
water pressures are recorded in memory at a next step 602. At step 604, a water pressure of a
flush valve in the facility is detected at a time following operation of the valve. At a next step
606, the detected water pressure is compared to one or more of the plurality of water pressures
detected in step 600. The comparison of the water pressures may result in a difference between
the water pressures. In some examples, an average of the plurality of water pressures may be
used for comparison and, in other examples, one or more water pressures of the plurality may
beused. At step 608, it is determined if the difference between the detected water pressure and
the water pressure(s) is greater than a predefined threshold value. If the difference is greater,
the method may proceed to step 610 at which it is determined that the flush valve needs
servicing or replacement. At step 612, an alert may be generated and/or transmitted to a remote
device indicating that the flush valve needs servicing or replacement. If, at step 608, the water
pressure is not less than one or more previous water pressures (or if the difference is less than a
predefined threshold), the method may continue through the next flush 614 and repeat from step
604.

[00136] Referring now to FIG. 7, a method for determining that a flush valve needs to be
serviced or replaced is shown according to another non-limiting embodiment. At a first step
700, usages of a plurality of restroom appliances are detected with one or more sensors
associated with each appliance. A usage may be, for example, a flush, a dispensing of a paper
towel or soap, an opening of a faucet, and/or the like. At step 702, the usage data for the
appliances is stored in a central data storage device and/or memory local to the appliance. It
will be appreciated that usage data may be immediately transmitted from an appliance upon a
usage cvent or, in other examples, appliances may periodically communicate usage data for a
time period. Further, in non-limiting embodiments, usage of a restroom appliance may also be
detected with one or more sensors external to the appliance, such as a sensor that detects a
change in pressure in a waterline attributable to an appliance or a set of appliances. At a next
step 704, the usage data for a restroom appliance is compared to usage data from at least one

other restroom appliance. For example, it may be determined whether a number of uses for a
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restroom appliance in a time period is less than the number of uses of a nearby appliance or an
average or median number of uses of a plurality of appliances.

[00137] With continued reference to FIG. 7, at a next step 706, it is determined whether the
difference in usage data is greater than (or equal to) a predetermined tolerance value (c.g., n
number of uses or n percent) to distinguish between a small difference in usages and a
significant difference in usage. If the difference is greater than (or equal to) a predetermined
tolerance value, the method proceeds to step 708 where it is determined that the restroom
appliance needs servicing or replacement. At step 710, an alert is generated to inform the
appropriate personnel that the restroom appliance needs to be serviced or replaced. If, at step
706, it is determined that the difference in usage data is less than a predetermined tolerance
value, and therefore not significant enough to cause any concem, the method proceeds to the
next restroom appliance at step 712 and restarts at step 704 with that next appliance.

[00138] Referring now to FIG. 8, a method for adjusting a flush time of a flush valve is
shown according to a preferred and non-limiting embodiment. At a first step 800, a static
pressure is obtained when the flush valve is not being operated. The static pressure may be
obtained before a flush or at a predetermined time following completion of a flush. The static
pressure may be obtained by one or more pressure sensors disposed in or associated with the
flush valve. At step 802, operation of the flush valve is detected by, for example, actuation of
a flush actuator, activation of a hands-free signal, and/or the like. During the flush, a dynamic
flush valve pressure is obtained at step 804. The dynamic flush valve pressure may be obtained
immediately following the flush operation or at a predefined interval from detection of a flush
operation. At step 806, a programmatic counter is incremented to count the number of times
the flush valve has been used. This counter may represent a number of flushes over a given
time period and may be reset when the flush valve is repaired or replaced. At step 810, the
controller determines a volume of water being used during a flush operation. This
determination may be based on a number of parameters including, but not limited to, the static
pressure, dynamic pressure, flow area of the flush valve, number of flushes, a flow meter
measuring the water volume, and/or the like.

[00139] As the flush valve is used, the amount of water volume used may increase. Thus,
in one non-limiting example, a model may be employed to determine that, for a particular flush
valve, x number of uses (e.g., 1,000) typically results in a y increase in volume (e.g., 0.1
gallons). It will be appreciated that different types of valves, available water pressure, and
types of use may all factor into determining how much water is used per flush. Referring back

to FIG. 8, at step 812 it is determined whether the amount of water used per flush exceeds a
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threshold value n. For example, the threshold may be a predefined tolerance from a typical
volume of water usage (e.g., 1.6 gallons per flush) such that any difference equal to or greater
than, for example, 0.1 gallons or another tolerance, may be significant enough to warrant
adjusting the flush time. Once it is determined that the water usage is more than this threshold
and/or tolerance, the method proceeds to step 814 where an adjusted flush time is determined.
The adjusted flush time may be based on a number of parameters such as, for example, a
volume of water used during a flush, a flow areca of the flush valve, a number of uses of the
flush valve, one or more pressures (e.g., static and/or dynamic pressure) obtained from within
the valve, or other factors. It will also be appreciated that the adjusted flush time may be
predefined incremental changes based on water usage. For example, for every 0.1 gallons of
excess water usage, the flush time may be decreased by 0.5 seconds. It will be appreciated that
the adjusted flush time may be determined in various other ways. At step 816, the controller
adjusts the flush time of the flush valve.

[00140] Referring now to FIG. 9, a method for adjusting a flush time of a flush valve is
shown according to another non-limiting embodiment. In this example, the number of uses of
the flush valve is correlated to a change in flush time. At step 900, operation of the flush valve
is detected. A programmatic counter is incremented at step 902. At step 904 the controller
determines whether the counter has reached a predefined value, e.g., n. If the counter equals
or exceeds this value, the method may proceed to step 906 and the flush time may be adjusted
based on a predefined incremental change (e.g., 0.5 seconds for every 1,000 uses) or on a
dynamically determined flush time based on other factors such as, but not limited to, the
number of uses, one or more internal pressures, the flow area of the valve, a flow meter, and/or
the like.

[00141] Referring now to FIGS. 10A-10C, charts are shown according to non-limiting
embodiments. The charts in FIGS. 10A-10C represent changes in flow rate, pressure, and
volume over a flush time period for valves with differing pressures. The curves shown in the
charts represent the relationship between pressure, flow rate, and volume over a flush time, and
can be used to compare to operational flush valves to determine when the flush valves need to
be replaced or repaired or by what amount pressure and/or flush time need to be adjusted to
obtain an optimal flush volume. The curves in FIG. 10A are for constant pressure valves,
where curve (A) represents a flow rate for a single fixture valve at 55 psi, curve (B) represents
a flow rate for a single fixture valve at 80 psi, curve (C) represents a change in pressure for a
single fixture valve at 55 psi, curve (D) represents a volume for a single fixture valve at 55 psi,

curve (E) represents a volume for a single fixture valve at 80 psi, and curve (F) represents a
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change in pressure for a single fixture valve at 80 psi. As can be scen in FIG. 10A, at 3.27
seconds, the 80 psi fixture (curve (E)) has used 1.26 gallons of water, where the volume is
represented by the area under the curve. At 3.79 seconds, the 55 psi fixture (curve (D)) has
also used the same volume of water (1.26 gallons).

[00142] The curves shown in FIG. 10B arc for constant pressure valves operating
substantially simultancously, where curve (A) represents a flow rate for a single fixture valve
at 55 psi, curve (B) represents a flow rate for a single fixture valve at 55 psi operating
substantially simultancously to the valve represented by curve (A), curve (C) represents a
change in pressure for a single fixture valve at 55 psi, curve (D) represents a volume for a single
fixture valve at 55 psi, curve (E) represents a volume for a single fixture valve at 55 psi
operating substantially simultanecously to the valve represented by curve (A), and curve (F)
represents a change in pressure for a single fixture valve at 55 psi operating substantially
simultancously to the valve represented by curve (A). As can be seen in FIG. 10B, the volumes
for both valves are substantially correlated until the first valve (curve (D)) is almost finished
flushing. Thus, to reach the same flush volume of 1.26 gallons, the second flush valve takes
3.99 seconds versus the 3.79 seconds it takes the first flush valve. Comparing curves (C) and
(F) indicates that flushing the first valve (pressure represented by curve (C)) causes the pressure
available to the second valve (pressure represented by curve (F)) to drop, thereby taking a
longer period of time to complete the flush.

[00143] The curves shown in FIG. 10C are for constant pressure and variable pressure
valves, where curve (A) represents a flow rate for a single fixture valve at 55 psi, curve (B)
represents a flow rate for a single fixture valve operating at a variable pressure, curve (C)
represents a change in pressure for a single fixture valve at 55 psi, curve (D) represents a
volume for a single fixture valve at 55 psi, curve (E) represents a volume for a single fixture
valve operating at a variable pressure, and curve (F) represents the change in pressure for a
single fixture valve operating at a variable pressure. As can be seen by curve (D) in FIG. 10C,
it takes 3.79 seconds for the valve operating at 55 psi to flush 1.26 gallons of water.
Conversely, curve (D) shows that it takes 4.14 seconds to flush the same volume of water using
a valve operating at a variable pressure.

[00144] In non-limiting embodiments, and as mentioned herein, restroom appliance data
may include information sensed and/or collected by an appliance concerning the environment
in which an appliance is installed. As an example, some restroom appliances may be powered
by a battery and the restroom appliance data may be used to conserve battery power. In non-

limiting embodiments, a restroom appliance (e.g., a flush valve, a paper towel dispenser, a hand
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dryer, a soap dispenser, a faucet, and/or the like) may include an infrared (IR) sensor for hands-
free activation. In such embodiments, frequent pulses of the IR sensor may drain the battery.
Therefore, ambient light levels detected by a sensor in the appliance or a sensor in the vicinity
of the appliance may be used to determine if the lights are on or off and, if the lights are off,
the frequency of IR pulses can be decreased or even stopped to conserve battery power.
Conversely, in non-limiting embodiments, detection of the lights being on may activate (e.g.,
“wake up”) the appliances. It will be appreciated that the appliances may also be configured
to enter a sleep mode in such circumstances, which may include reducing the frequency of IR
pulses and/or other energy saving functions. Moreover, because the appliances can exchange
data with one another, if one appliance detects that the lights are off, the other appliances can
react by reducing the pulse frequency of the IR sensor. If an appliance is activated from use,
one or more signals may be sent to the other appliances in the restroom to activate those
appliances as well. It will be appreciated that these techniques may be used for other types of
sensors that consume energy including, for example, capacitive sensors, by either reducing the
frequency of the sensors or reducing the amount of energy supplied to the sensors.

[00145] In non-limiting embodiments, IR sensors or other proximity sensors may be used to
adjust the amount of water used during a flush. For example, a sensor can be used to determine
if a person is standing in front of a toilet or sitting on the toilet based on the proximity of that
person to the appliance. If the person is determined to be standing, it can be assumed that the
person is urinating and less water may be used during a flush. Other types of restroom
appliance data may also be used to adjust the amount of water used during a flush. For example,
a frequency of urinal flushes may be used to adjust the water so that, when a restroom is busier
than usual, less water is used. The decrease in water usage may be based at least partially on
the frequency of use, or alternatively there may be multiple modes of usage based on the
frequency of use. This could be used in a stadium or other event venue, as an example, where
restrooms are busy during events and less busy at other times.

[00146] In another non-limiting embodiment, the system may include a network device in
the restroom or in the vicinity of the restroom that is programmed or configured to detect
peoples’ cellular phones or other mobile devices. In such examples, the network device may
detect signals from the devices that are searching for Wi-Fi networks or Bluetooth® devices,
as examples, to determine the number of people with mobile devices in the restroom. The
water usage may therefore be decreased if the number of people in the restroom meet or exceed

a predetermined threshold. It will be appreciated that various other signals emitted from a
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mobile device may be used and, in some examples, that the network device may send one or
more signals to activate and detect passive mobile devices that are not actively emitting signals.
[00147] Referring now to FIG. 11, a system 1002 for adjusting a timing of a plurality of
flush valves 216, 218, 220, 222 is shown according to a non-limiting embodiment. An arca
1102 includes a plurality of flush valves 216, 218, 220, 222 cach having associated controllers
224, 226, 228, 230. The flush valves 216, 218, 220, 222 may be in fluid communication with
one or more toilets, urinals, or other like restroom appliances. The controllers 224, 226, 228,
230 are in communication with a central controller 232, such as a computer system, server, or
other type of data processor. The central controller 232 may be local or remote to the
controllers 224, 226, 228, 230 and may be in communication with a network device 1100. It
will be appreciated that the controllers 204, 212 may also be in communication with one
another directly or indirectly. Moreover, although the central controller 232, network device
1100, flush valves 216, 218, 220, 222, and controllers 224, 226, 228, 230 arc shown positioned
within the area 1102 in FIG. 11, it will be appreciated that these components may be arranged
in different locations. In non-limiting examples, the area 1102 is or encompasses a restroom.
In other examples, the arca 1102 may not encompass a restroom or the flush valves 216, 218,
220, 222 located therein, but instead may be a region in which people are congregating that is
proximate to the restroom. In some examples, the area 1102 may be a building or a complex
of buildings, and in other examples the area 1102 may be a portion of a building (e.g., a floor,
a wing, a room, etc.).

[00148] With continued reference to FIG. 11, the network device 1100 is used to detect
mobile devices 1104, 1106, 1108, 1110, 1112 that arc within range. The network device 1100
may be a wireless network gateway, a computer, another mobile device, or any other system
or device capable of receiving and/or transmitting wireless signals. The mobile devices may
include, for example, mobile phones, tablet computers, laptops, smart watches, and any other
type of mobile electronic device. In a non-limiting embodiment, the network device 1100 may
receive signals from mobile devices 1104, 1106, 1108, 1110, 1112 that are searching for
wireless networks or devices (e.g., a Wi-Fi® network, a Bluetooth® device, or the like).
Moreover, the network device 1100 may also monitor other wireless signals, such as cellular
signals, wireless internet signals, and/or the like. In some non-limiting embodiments, the
network device 1100 may be programmed or configured to activate one or more mobile devices
1104, 1106, 1108, 1110, 1112 by broadcasting a request signal. The request signal may be, for
example, a polling signal, an activation signal, and/or any other type of signal configured to

elicit a response from a mobile device. For example, the request signal may be a Bluetooth®
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signal searching for a device to pair with that elicits a responsive signal. Those skilled in the
art will appreciate that other arrangements are possible for detecting the mobile devices 1104,
1106, 1108, 1110, 1112 in proximity to the network device 1100 or located in or near the area
1102.

[00149]  Still referring to FIG. 11, in a non-limiting embodiment the central controller 232
is in communication with the network device 1100 and receives and processes the wireless
signals received by the network device 1100 from the mobile devices 1104, 1106, 1108, 1110,
1112. The central controller 232 is programmed or configured to analyze the wireless signals
to determine one or more properties of the mobile devices 1104, 1106, 1108, 1110, 1112. For
example, the central controller 232 may analyze the wireless signals to extract device identifiers
that arc transmitted via the wircless signals. A device identifier may include a unique device
ID (e.g., UDID, ESN, IMEI, MEID, IP address, etc.) that uniquely identifies a mobile device
or a user of the mobile device, and may be embedded in a header of a message packet or coded
into a signal in any other manner. A device identifier may also include an advertising identifier
(e.g., IDFA, AAID, etc.). Based on device identifiers extracted from the received wireless
signals, the central controller 232 may determine the number of unique devices present in or
proximate to the area 1102.

[00150] Once the central controller 232 determines the number of mobile devices 1104,
1106, 1108, 1110, 1112 present in or proximate to the arca 1102, the central controller 232 then
determines whether the flush times of the flush valves 216, 218, 220, 222 need to be adjusted
to account for the estimated number of people that may be using the restroom. In a non-limiting
embodiment, the number of detected mobile devices 1104, 1106, 1108, 1110, 1112 is compared
to on¢ or more threshold values or ranges. As an example, and with reference to FIG. 11, if a
threshold value is five (5), the number of detected mobile devices 1104, 1106, 1108, 1110,
1112 would meet or exceed this threshold. In response to determining that the number of
mobile devices meets or exceeds the threshold, the flush time of one or more of the flush valves
216, 218, 220, 222 may be adjusted to a shorter flush time, thereby using less water per flush.
The flush times may be adjusted by communicating the adjusted flush time to one or more flush
valve controllers 224, 226, 228, 230. In some examples, a control signal may be communicated
to the controllers 224, 226, 228, 230 to cause the flush time to be adjusted. In other examples,
the central controller 232 may control the solenoids in each flush valve 216, 218, 220, 222 and
therefore can adjust the flush time itself.

[00151] It will be appreciated that different values may be used for the thresholds, and that
multiple thresholds may be used. For example, different thresholds may correspond to different
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adjusted flush times such that, the more mobile devices that are detected, the shorter the flush
times become. The thresholds may be predetermined or dynamically generated based on other
available data. Moreover, the central controller 232 may also determine if the detected number
of mobile devices is equal to or less than a threshold, in response to which the flush times may
be adjusted to account for less people (e.g., more water can be used). In this manner, the flush
times of the flush valves 216, 218, 220, 222 can be repeatedly adjusted based on an anticipated
or expected demand for the restroom. If numerous people are present for an event, for example,
the flush time can be adjusted to ensure that there is a sufficient amount of water pressure.
Likewise, once the event is finished and people begin to leave the venue, the flush time can be
adjusted again to account for fewer users.

[00152] Referring now to FIG. 12, a flow diagram is shown for a method of adjusting a
timing of a plurality of flush valves according to a non-limiting embodiment. At step 1202,
wireless signals are detected from mobile devices in an area. The wireless signals are analyzed
at step 1204. As explained above, the wireless signals may be analyzed to determine a unique
device identifier or any other unique properties of a mobile device. At step 1206, the number
of mobile devices is determined based on the analysis of the signals. For example, a number
of unique device identifiers or distinct signals may be counted. Next, at step 1208, the number
of mobile devices is compared to one or more threshold values. If the number of mobile devices
does not meet or exceed one or more threshold values, the method proceeds back to step 1202
and additional wireless signals are detected. If the number of mobile devices meets or exceeds
one or more threshold values at step 1208, the method continues to step 1210 and an adjusted
flush time is determined. The adjusted flush time may be identified from a plurality of possible
flush times, may be a predefined flush time (e.g., a “high volume,” “low volume,” or “baseline”
flush time), and/or may be dynamically determined based on the number of mobile devices
and/or other available data. Atstep 1212, the flush time is adjusted for one or more flush valves
in a restroom.

[00153] Referring back to FIG. 11, it will be appreciated by those skilled in the art that a
number of individuals in an area 1102 may be determined in various other ways and used to
adjust the timing of flush valves 216, 218, 220, 222 to account for an expected increase in
usage. For example, a sensor at an entrance of a building may count individuals as they enter
the building and use the number of individuals to adjust the flush times. In another example,
one or more image processing algorithms may be used to analyze a video feed of an area 1102
and determine an estimated number of people. The expected demand for usage of the flush

valves 216, 218, 220, 222 may also be determined by the demand for other appliances, such as
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water fountains, faucets, or the like. In another example, an expected demand for usage of the
flush valves 216, 218, 220, 222 may be determined from sales data, such as ticket sales data,
food and/or beverage sales data, vending machine sales data, and/or the like, as obtained
through a venue network, received through an Application Program Interface (API), and/or the
like. Other methods of counting or estimating the number of individuals in an area 1102 may
also be used.

[00154] It will be readily appreciated by those skilled in the art that modifications may be
made to the invention without departing from the concepts disclosed in the foregoing
description. For example, various components of the mechanical and clectronic relief devices
described above can be used together in the same valve. Accordingly, the particular
embodiments described in detail herein are illustrative only and are not limiting to the scope of
the invention, which is to be given the full breadth of the appended claims and any and all

equivalents thereof.
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CLAIMS

1. A computer-implemented method of adjusting a timing of at least one flush
valve based on demand, comprising:

(a) detecting, with at least one network device, a number of mobile devices in
an area associated with at least one restroom, the at least one restroom comprising the at least one
flush valve;

(b)  determining, with at least one processor, that the number of mobile devices
in the area meets or exceeds at least one predetermined threshold; and

(c) in response to determining that the number of mobile devices in the area
meets or exceeds the at least one predetermined threshold:

@) determining, with the at least one processor, an adjusted flush time
for the at least one flush valve; and

(1)  adjusting, with the at least one processor, a flush time of the at least
one flush valve to the adjusted flush time, such that the adjusted flush time reduces an amount of

water used by each of the plurality of flush valves for a flush.

2. The computer-implemented method of claim 1, wherein the number of
mobile devices is detected by:

monitoring wireless signals received by the at least one network device from a
plurality of sources;

analyzing, with the at least one processor, the wireless signals to identify a plurality
of device identifiers; and

determining, with the at least one processor, the number of mobile devices based at

least partially on the plurality of device identifiers.
3. The computer-implemented method of claim 2, wherein the wireless signals
comprise at least one of the following: a signal configured to identify wireless networks, a signal

configured to identify wireless devices, a signal responsive to a request signal, or any combination
thereof.
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4. The computer-implemented method of claim 1, wherein the at least one

restroom comprises the area.

5. The computer-implemented method of claim 1, wherein the at least one

flush valve comprises a plurality of flush valves arranged in the at least one restroom.

6. The computer-implemented method of claim 1, wherein the area comprises
abuilding, and wherein the at least one restroom comprises a plurality of restrooms arranged within
the building.

7. The computer-implemented method of claim 1, wherein the area comprises
a portion of a building, and wherein the at least one restroom comprises a plurality of restrooms

arranged within the portion of the building.

8. The computer-implemented method of claim 1, wherein the number of
mobile devices is detected by:

generating at least one request signal configured to activate at least one passive
mobile device; and

analyzing signals received from the at least one passive mobile device in response

to the at least one request signal.

9. The computer-implemented method of claim 1, wherein the at least one
predetermined threshold comprises a plurality of predetermined thresholds, wherein each
predetermined threshold of the plurality of predetermined thresholds is associated with a different
adjusted flush time, and wherein determining the adjusted flush time comprises identifying the
adjusted flush time that corresponds to the at least one predetermined threshold that the number of

mobile devices is determined to meet or exceed.

10.  The computer-implemented method of claim 1, further comprising:
determining, with the at least one processor, whether the number of mobile devices

in the area is equal to or less than at least one predetermined lower threshold; and
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in response to determining that the number of mobile devices in the area is equal to
or less than the at least one predetermined lower threshold:
determining, with the at least one processor, a new adjusted flush time for
the at least one flush valve; and
adjusting, with the at least one processor, the adjusted flush time of the at
least one flush valve to the new adjusted flush time, such that the new adjusted flush time increases

an amount of water used for a flush.

11.  Asystem for adjusting a timing of at least one flush valve based on demand,
comprising:

a plurality of flush valves arranged in at least one restroom, wherein each of the
plurality of flush valves comprises a solenoid configured to open and close a respective flush valve
based on a flush time;

a network device arranged in an area associated with the at least one restroom, the
network device configured to receive wireless signals; and

at least one processor in communication with the network device and the plurality
of flush valves, the at least one processor programmed or configured to:

o detect, based on the wireless signals received by the network device,
anumber of mobile devices in the area;

(ii))  determine whether the number of mobile devices in the area meets
or exceeds at least one predetermined threshold; and

(1ii))  in response to determining that the number of mobile devices in the
area meets or exceeds the at least one predetermined threshold, adjusting the flush time of each of
the plurality of flush valves to an adjusted flush time, such that the adjusted flush time reduces an

amount of water used by each of the plurality of flush valves for a flush.
12.  The system of claim 11, wherein the at least one processor is further

programmed or configured to determine the adjusted flush time in response to determining that the

number of mobile devices in the area meets or exceeds the at least one predetermined threshold.
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13.  The system of claim 12, wherein the at least one predetermined threshold
comprises a plurality of predetermined thresholds, wherein each predetermined threshold of the
plurality of predetermined thresholds is associated with a different adjusted flush time, and
wherein the adjusted flush time is determined by identifying the adjusted flush time that
corresponds to the at least one predetermined threshold that the number of mobile devices is

determined to meet or exceed.

14.  The system of claim 11, wherein the number of mobile devices is detected
by:

monitoring the wireless signals, the wireless signals received from a plurality of
sources;

analyzing the wireless signals to identify a plurality of device identifiers; and

determining the number of mobile devices based at least partially on the plurality

of device identifiers.

15.  The system of claim 14, wherein the wireless signals comprise at least one
of the following: a signal configured to identify wireless networks, a signal configured to identify

wireless devices, a signal responsive to a request signal, or any combination thereof.

16.  The system of claim 11, wherein the at least one restroom comprises the

arca.

17.  The system of claim 11, wherein the area comprises a building or a portion
of a building, and wherein the at least one restroom comprises a plurality of restrooms arranged

within the building or the portion of the building.
18.  The system of claim 11, wherein the at least one processor is further
programmed or configured to determine the number of mobile devices by:

generating at least one request signal configured to activate at least one passive

mobile device; and
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analyzing signals received from the at least one passive mobile device in response

to the at least one request signal.

19.  The system of claim 11, wherein the at least one processor is further
programmed or configured to:
determine whether the number of mobile devices in the area is equal to or less than
at least one predetermined lower threshold; and
in response to determining that the number of mobile devices in the area is equal to
or less than the at least one predetermined lower threshold:
determine a new adjusted flush time for the at least one flush valve; and
adjust the flush time of the at least one flush valve to the new adjusted flush

time, such that the new adjusted flush time increases an amount of water used for a flush.

20. A computer program product for adjusting a timing of at least one flush
valve based on demand, comprising at least one non-transitory computer-readable medium
including program instructions that, when executed by at least one processor, causes the at least
one processor to:

detect, based on wireless signals received by a network device, a number of mobile
devices in an area associated with at least one restroom, the at least one restroom comprising a
plurality of flush valves;

determine whether the number of mobile devices in the area meets or exceeds at
least one predetermined threshold; and

in response to determining that the number of mobile devices in the area meets or
exceeds the at least one predetermined threshold, adjust the flush time of each of the plurality of
flush valves to an adjusted flush time, such that the adjusted flush time reduces an amount of water

used by each of the plurality of flush valves for a flush.
21.  The computer-implemented method of claim 1, wherein the at least one

processor comprises at least one of a central controller and a controller associated with the at least

one flush valve.
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