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Connected Faucet Systems

The disclosure relates to connected faucet systems and to faucet communication with

internet connected devices o control performance and operation of faucets.

Background

Automatic Taucets, for example automatic faucets in commercial settings, may comprise
a sensor o determine the presence of a person’s hands, and configured to deliver water for a
period of time for a person to wash ong’s hands. An automalic faucet may leak, not shut off at
an appropriate time, or not dispense water for an appropriate time. Each of these scenarios
may result in wasting water and/or electric power and may damage a faucet, bathroom, or

buiiding.

Desired is a system {o improve efficiency of automatic faucets, for example, automatic

faucets in commercial settings such as office buildings, transportation hubs, and the like.

Summary

Accordingly, disclosed is a connecied faucet system, comprising a plurality of faucets,
each faucet associated with a presence sensor, a solencid valve, a flow meter, and a controller,
wharein the presence sensor, the solenocid valve, and the flow meter are in slectrical
communication with the controller; and a control system comprising the controllers and a
computing device, wherein the controliers are configured o communicate with the computing
device directly and/or via a gateway, the conirol system is configured to coliect data from the
presence sensors and the flow meters, and the contrd system is configured to determine a

status of each faucet based on the data.

Also disclosed is a faucet system, comprising a faucet associated with a presence
sensor, a solencid valve, a flow meter, and a controller, wherein the presence sensor, the
solenoid valve, and the flow meter are in electrical communication with the controller, wherein
the controlier is configured to be in wireless communication with a computing device and/or with

a gateway.
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in some embodiments, a control system is configured to initiate an action based on the

faucet siatus.

Brief Description of the Drawings

The disclosure described herein is illustrated by way of example and not by way of
fimitation in the accompanying figures. For simplicity and clarity of illustration, features
Hlustrated in the figures are not necessarily drawn (0 scale. For example, the dimensions of
some fegtures may be exaggerated relative {o other features for clarity. Further, where
considered appropriate, reference labels have been repeated among the figures to indicate
corresponding or analogous elements.

Fig. 1A, Fig. 1B, Fig. 1C, Fig. 1D, and Fig. 1E illustrate flow diagrams of a connected sysiem,
according to an embodiment.

Fig. 1F illustrates a connected system, according to an embodiment.

Fig. 24, Fig. 2B, Fig. 2C, and Fig. 2D show g dashboard, according to some embodiments.
Fig. 34, Fig. 3B, and Fig. 3C show a user side of a dashboard, according to some
embodiments.

Fig. 4 shows a user side of a dashboard, according ¢ an embodiment.

Fig. § lllustrates a gateway customer assignment, according to an embodiment.

Fig. 6 shows an exemplary connection of a flush valve assembly to a computing device having
a gateway, according o an embodiment.

Fig. 7 shows an exemplary connection of a flush valve assembly to a computing device having
no gateway, according to an embodiment.

Fig. 8 illustrates a compuling system, according to an embodiment,

Detailed Description

Fig. 1A depicts connected system 100, according to an embodiment. Connected
system 100 comprises plurality of faucets 181, Faucets 101 are connecied o one or more
technicians 1082 via gateway 103, cloud/server 184, and computing device 188, Faucets 101
are associated with presence sensor 108, and a contraller, solenoid valve, and a flow meter (all
not visible). A control system of this embodiment comprises controllers, compuiing device 105,
gateway 103, and cloud/server 104. The control system is configured to monitor faucets 101,

collect data, determine a status of the faucets, and (o initiate an action based on the siatus.
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Collected data may be communicated through gateway 102 fo cloud/server 104, to technician's
102 computing device 105, A technician 102 may be for example a local custodian, a remote
custodian, or an analyst. In an embodiment, sensed data may be communicated directly o

computing device 145,

Fig. 1B shows a flow diagram for connected system 108, according {o an embodiment.
Faucet devices 101 are configured fo communicate with gateway 103, which is configured to
communicate with cloud/server 104, Cloud/server 104 is configured to communicate with
computing device 1088, All communication is configured o be two-way. Accordingly, a
technician may conneact to a faucet 181 directly with a smariphone (mobile device} or a laptop
computing device. A technician may collect data and may initiate an action from a computing
device, for example close an angle stop for a leaking faucel. In another embodiment,
cloud/server 104 may analyze data from faucets 101, and may initiate an action based on the
data via gateway 103 or computing device 1058, Initiation of an action may comprise sending a
command 1o a controlier, whereupon a coniroller will, for example, send a command {o a valve
to open, close, or adjust. A computing device 105 may analyze dala and determine a status,
and may initiate an action based on the status. A computing device 108 may initiate an action
by sending instructions directly to a coniroller associated with a faucet 101, or may initiate an

action via cloud/server 104.

Fig. 1C shows a flow diagram for connected system 108, according to an embodiment.
Faucets 101 are associated with controllers 107 and presence sensors 1088, Faucets may also
be associated with a flow meter, and one or more other sensors. Controller 107 is configured to
monitor a faucet by collecting data from sensors 108, flow metlers, and other sensors, and o
communicate the data to a computing device 108 and/or a gateway 103, Cloud/server 104 may
collect data from computing device 185 and/or gateway 183. Controllers 107 may communicate
with computing device 105 either directly, or via gateway 103 and server 104. In some

embodiments, a controiler may be associated with a single faucel, or with a plurality of faucets,

Fig. 1D and Fig. 1E illustrate a flow diagram for a portion of connected system 100,
according to an embodiment. In an embodiment, a plurality of faucets 101 may be connected to
a single controller 107, wherein controller 107 is in elecirical communication with sensors
associated with each faucet 101, In other embodiments, each faucet 101 may associated with a

dedicated single controller. Controliers 107 may be positionad nearby faucet 101, or in other
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embodiments, may be positioned remote fo a faucet 101. Controlier 107 communication with

sensors 108, flow meters, or other sensors may be via a wired or wireless connection.

Fig. 1F depicts connected system 100, according to an embodiment. System 160
comprises faucets 101, Faucets 101 are configured {o communicate with gateway 103 and
computing devices desktop computer 108a, laptop 108b, and smariphone 108¢. Gateway 103
is configured to communicate with cloud/server 104. Cloud/server 104 is configured fo
communicate with computing devices 108a, 105b, and 105c. Connected system 100 comprises
toilets 108 and urinals 1180, Toilets 188 and urinals 110 are associated with flush valves 168,
which may comprise a presence sensor in communication with a controlier. In some

embodiments, a single gateway may be employed per bathroom.

Figs. 2A and Fig. 28 illustrate a dashboard 215 may be set up and customized for a
particular building, collection of buildings, rooms, floors, bathrooms, wings, sic., according to
some embodiments. Accordingly, monitoring and control of a connecied system may be
customized. Dashboard 215 may include visual modules 218 associated with a connected
sysiem, for example connectad system 108, Connected system 100 contains various men’s,
women's, and unisex bathrooms, at ieast some of which have mulliple connectad devices such
as faucets and toilets. A technician or analyst 182 may monitor and control connected devices
within each of the locations. Dashboard 215 may conlain alerts or alarms 217, Alerts/alarms
217 may report battery life, bathroom traffic level, davice status (normal/abnormal}, device
usage, water consumption per device, water usage per bathroom, water usage per building, etc.
Dashboard 215 may contain navigation panel 218, configured to allow a technician to navigate
hetween any number of web pages to monitor and control connected system 100, Dashboard
215 may contain notification module 218, Notification module 218 may organize alarms,
communications, and/or status of the connected system by location, for instance by bathroom,

by floor, by wing, by buillding, or combinations thereof.

Fig. 2C and Fig. 2D illustrate a dashboard may allow for filtering of a device type (e.g.
toilets, urinals, faucels, elc.), location (e.g. fioor, wing, bathroom, building, campus, eic.), or
combinations thereof. Dashboard 218 may aliow for selection of a particular stall on a particular
floor in a particular bathroom to review and analyze data associated with a device. Each device
{e.g. flush valve, toilet, urinal, faucet, etc.) may have setlings based on a preselected or
predetermined profile, and may consider historical data of the device, bathroom, floor, building,
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stc. Setlings may include time of detection interval, delay in flush, duration of a flush, duration
of water flow, sensor performance, etc. Once filtered, a particular device {e.g. faucet) may be
selected from a list to view a more detailed report. For example a report may show system
status, communication status, last date and time of communication, battery status, water
activity, number of uses per day, clogs, water consumption, average usage per lime period, etc.
information may be viewed over any ime period, for example, over the last 30 days, since a
hattery was changed, since installation, daily, during afiernoons, etc.

Fig. 3A depicts a user interface of dashboard 21§, according t© some embodiments.
Dashboard 215 may be empiloyed on a computing device, such as a laptop computer or a
smartphone. lcons or modules may be visualized by a technician or analyst on dashboard 215
as shown. Dashboard 218 may include device status, alarms, alerts, communications, or
combinations thereof, related to components of a connecled system. For example, traffic
volume, clogs, battery status, communication status, number of uses, water consumption,

combinations thereof, eic., may be monitored and controlied with dashboard 218,

Fig. 38 and Fig. 3C provide a pictonal view of data that may be monitored, analyzed,
and controlied in a connected system. Dashboard 218 may include filters to aliow for
visualization of any desired subset of devices and parameters based on a particular technician,
building, campus, hall, etc. Views of dashboard 215 may show any data described herein,
Data may include, for example, water consumption, water savings, total clogs, average
resolution time, number of events par time period, bathroom fraffic, etc. Data may be
monitored, downloaded, visualized, processed, analyzed, or controlled based on a number of

parameters. For example, data may be viewed per faucet, per bathroom, per building, etc.

Fig. 4 shows dashboard 215 with set-up control of a connected system. Each
component of a connected system, for example sach faucet, sink, toilet, urinal, flush valve,
paper dispenser, etc., may be separately entered into the system. This may allow for individual
monitoring and/or control of each component from a hand-held computing device. Each
building and floor may be assigned particular fixtures or devices within them. Although depicted
as buildings or fioors, parameters that may be assignad include rooms, wings, halls, etc. ltis
possible to monitor and control a subset of components of a connected system as selected by a
technician or analyst.
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Fig. 8 shows a user {e.g. lechnician, analyst) gateway assignment for a connected
system, according {o an embodiment. Gateway 103 may be associated with a particuiar
location by the user. The user may employ an application on computing device 108 to assign a
gateway location and set up a connectad system. A user may initiate log-in steps on a mobile
application, server 104 may authenticate the user and allow the 1og-in to the mobile application
on computing device 105, A user may scan or enter the address of gateway 103. Computing
device 108 may communicate with server 104 and transmit the gateway address {o server 104,
A user may name and locate gateway 103. Server 184 may thus associate gateway 103 with a
particular location within a user's connected system. For example, a user may have a gateway
103 for each room, floor, wing, building, or subset of faucet devices 101 that are intended to be
monitored and controlled with a connected system. The term "FPS” refers to "Faucet
Performance System”. Server 104 may control a gateway assigned to a particular location

based on information passed to and from a user by way of computing device 185,

Fig. 6 shows a faucet control system for a connected system with the use of a gateway,
according io an embodiment. A faucet device 101 may be associated with a particular location
by & user. A user may employ a computing device 108 (2.¢., having a mobile application) t©
assign faucet 101 and sel up a connected system. A user may initiate log-in steps on a mobile
application, a server 104 may authenticate the user and allow the log-in to the mobile
application on computing device 1058, A user may scan or enter an address of device 101,
Computing device 105 may communicate with server 104 and transmit an address of faucet 101
to server 104, A user may name and locate faucet 101, Server 104 may thus associate faucst
101 with a particular location within a user's connected system. Thatis, a user may have an
address for each faucet in each of numerous rooms, floors, wings, or buildings that are intended
to be monitored and conirolied with a connected system. Communication between computing
device 108 and the faucet 101 cccurs by way of gateway 183 and server 104, as shown in Fig.
1A,

Fig. 7 shows a faucet control system for a connected system without the use of a
gateway, according o an embodiment. Faucet 181 may be associated with a particular location
by a user. A user may employ computing device 105 {e.g. having a mobile application) to
assign faucet 101 and set up the connected system. A user may iniliate log-in steps on the
mobile application, server 104 may authenticaie the user and aliow log-in {0 a mobile appilication

on computing device 108, A user may scan or enter the address of faucet 101, Computing
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device 105 may communicate with server 104 and transmit an address of faucet 101 o server
104. A user may name and locate faucet 101, Server 104 may thus associate faucet 101 with
a particular location within a user's connected system. That is, a user may have an identified
location for each faucet 181 in sach of numerous rooms, floors, wings, or buildings that are
intended to be monitored and controlied with the connected system. Communication between
computing device 108 and faucet 101 occurs without a gateway. Computing device 105
separately communicates with server 104, Faucet 101 does not directly communicate with

server 104, as shown in Fig. 1B.

Fig. 8 iHlustrates a computing system for use in a computing device 105, according to
some embodiments. A general purpose computing system 825, includes processing unit (CPU
or processor} 828 and system bus 827 that may couple varicus system components including a
system memory 828 to processor 828, System memory 828 may be a read-only memory
(ROM) 828 and/or a random access memory {RAM) 830. Computing system 828 may include a
cache of high-speed memaory connected directly with, in close proximity to, and/or integrated as
part of processor 826, Computing system 825 may copy dala from memory 828 and/or storage
device 831 t0 a cache for quick access by processor 828. In this way, a cache may provide a
performance boost that avoids processor delays while waiting for data. These and other
moduies may control or be configured to control processor 828 to perform various actions.
Other system memory 828 may be available for use as well. Memory 828 may include multiple
different types of memory with different performance characteristics. System 828 may operate
with more than one processor 828 or with a group or cluster of computing devices networked
together to provide greater processing capability. Frocessor 826 may include any general
purpose processor and a hardware module or software module, such as MOD1 832, MOD2
833, and MOD2 834 stored in storage device 831, configured to control processor 828 as well
as a special-purpose processor where software instructions are incorporated into the actual
processor design. Frocessor 826 may essentially be a completely self-contained computing
system, containing multiple cores or processors, a bus, memory controller, cache, ete, A multi-

core processor may be symmstric or asymmetric.

Bus 827 may be any of several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using any of a variety of bus architectures.
A basic input/output (BIOS) stored in ROM 828 or the like, may provide the basic routine that
helps to transfer information between slements within system 828, such as during start-up.
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System 825 further includes storage devices 831 such as a hard disk drive, a magnetic disk
drive, an optical disk drive, tape drive or the like. Storage device 831 may include software
modules 832, 833, 834 for controlling processor 828, Cther hardware or software modules are
contemplated. Storage device 831 is connected {o system bus 827 by a drive interface. The
drives and the associated computer-readable storage media provide nonvolatile storage of
computer-readable instructions, data structures, program modules and other data for system
825. In one aspect, a hardware module thal performs a particular function includes a sofiware
component stored in a tangible computer-readable storage medium in connection with the
necessary hardware components, such as processor 828, bus 827, display 838, and so forth, fo
carry out a function. In ancther aspect, a system can use a processor and computer-readable
storage medium to store instructions which, when executed by the processor, cause the
processor to perform a method or other specific actions. The basic components and
appropriate variations are contemplated depending on the type of device, such as whether the

device is a small, handheld computing device, a desktop computer, or a compuler servar.

Although the exemplary embodiment described herein employs a hard disk for storage
device 831, other types of computer-readable media which can store data that are accessible by
a computer, such as magnetic cassettes, flash memory cards, digital versatile disks, cartridges,
random access memories (RAMs) 830, and read-only memory (ROM) 828, may also be used in

an exemplary operating environment.

To enable user interaction with system 828, an input device 828 represents any number
of input mechanisms, such as a microphone for speeach, a touch-sensitive screen for gesture or
graphical input, keyboard, mouse, motion input, speech and so forth. An output device or
display 836 can also be one or more of a number of cutput mechanisms known to those of skill
in the art. In some instances, mullimodal systems enable a user {o provide multiple types of
input to communicate with system 8285 Communications interlace 837 generally governs and
manages user input and system outpul. There is no restriction on operating on any particular
hardware arrangement and therefore the basic features here may easily be substituted for

improved hardware or firmware arrangements as they are developed.

A phrase "faucets are configured to communicate with...” may mean a confrolier
associated with a faucel is configured to elecirically communicate with, for example a computing
device or a gateway.
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in some embodiments, the disclosure relates to systems and methods for monitoring
and control of a set or collection of devices in one or more bathrooms within a building or
buildings, warshouse, campus, etc. For exampleg, the systems and methods may monitor and
control toilets, urinals, faucets, and/or paper dispensers (e.q., paper towel or toilet paper) within
one or more restrooms in a building, buildings, warehouse, campus, etc. Control and
monitoring may be facilitated by electrically coupling (either wirgless, wired, or a combination
thereof) various devices (o each other and/or to a computing device. Thus, a technician may
monitor a status of sach device remotely from a computing device. When a problem or other
activity occurs in a monitored device, a fechnician may initiate a response or action via the
computing device. For example, if a slow drain is detected in a sink associated with a faucet, a
technician may disable the use of that faucet and/or other faucets in fluid communication with
the clogged sink. In some embodiments, an action may be initiated automatically based on
programmed instructions, data stored in a central cloud/server, and/or data stored on a
computing device. In this manner, a technician may have remote control of a collection of
hathrooms within a single location {(e.q., via a computing device). This may facilifate
maintenance, control, and monitoring of bathrooms and/or may assist in waler conservation

and/or a reduction in water usage in a collection of bathrooms.

In some embodiments, a system may include connected, inferconnected and/or
networked faucets and/or sinks. The disclosure also relates to a system that may include one
or more sanitaryware fixtures, such as toilets, urinals, or bidets. Each of the one or more
faucets or sinks may include one or more sensors and/or flow meters {o determine a status or
condition of an individual system or an individual faucet or sink in the system, and perform a
particular function or action. A system may automatically perform a function {e.g. open a valve,
close a valve and/or angle stop, send an alert, initiale a service ticket, efc.}. A system may
communicate a status or condition to an internet connected computing device, whersupon the
device may then perform the funclion or may instruct a faucet {o perform the function. For
example, die device may instruct a valve opening, a valve closing, or iniliation of a service
ticket. A computing device may log and monitor a status or condition of the sanitaryware fo

improve the overall efficiency and operation of a faucet and a collection of faucets.

In some embodimenis, systems and methods in accordance with the principles of the

invention include communication and an ability o communicate. Systems may include a faucet
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capable of communicating with one or more devices. One or more devices may be intermet
connected devices. In one aspect, devices are connecied 1o each other in order {0 fransfer
data, information, instructions, inputs, and oulputs. Network connections may include bridges,
routers, swilches and gateways. The one or more devices may be capable of one-way, two-
way and/or multi-way communication with faucets, as will be described in more detail to follow.
For example, the one or more devices may be other faucet devices, sanitaryware devices,

mobile devices, computers, other plumbing fixtures, elc.

One or more sensors may send and/or receive signals from the one or more devices.
The one or more devices may be external devices (e.g. a centralized data server, a computer,
tablet, mobile device, other plumbing fixtures, etc)) or internal, faucets, sinks, sanitaryware
devices, flush valves, angle stops, other valves, etc.). The one or more devices may be
external to the particular faucet in which the sensor is located or internal to the faucet. The one
or More Sensors may communicate directly with the one or more devices. Thatis, one of more
sensors may send a signal correspending 1o a sensed one or more parameters of a faucet or
sink to the one or more devices. The one or more devices may evaluaie the data and
determine a status or condition of the faucst or sink. The one or more devices may send a
signal indicative of the status or condition of the sanitaryware 1o a user for evaluation or action.

The action may include repair, replacement, or cleaning, for example, of the faucst or sink.

Cne or more sensors may communicate with a control system and/or communication
system. A control system may include one or more controliers and/or one or more computer
devices. A control system may communicate directly with one or more devices, as will be
described in more detail to follow. One or more sensors may send a signal corresponding to a
sensed one or more parameters of a faucet or a sink to the system. The control system may
determine a status or condition of a faucet or sink based on the sensed data and algorithms
present in the system. The control system may instruct one or more faucet to perform a
function, such as, for example, dispensing a particuiar water volume, shutting of flow of waler to
the faucet {e.g. closing an angle stop), may initiate a service tickat (2.g. via a central computer
system or mobile device, efc.). A computing device or cloud/server may 1og a status and
function performed. Data collected by a computing device andfor cloud/server may be used to

improve efficiency of a building system or network of faucets.

-10-
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in some embodiments, a controf system may determine, based on collected data, that a
certain dispensed faucet water volume leads to a high number of second uses, and based on
that determination the control system increases the water volume for one or more faucets,
leading to overall water conservation. In an example, a control system may increase water
volume for all connected faucets or for a subset of faucets. A subsel may be faucets in a same
room, building, or vicinity of the identified faucets. In an example, efficiency of a building system
may be improved based on analysis of collected data by modifving water usage for one or more
related faucets which are located remotely from a faucst at which the data was collected. In
ancther example, a control system may determins, based on coliected data, that a certain
dispensed water volume is more than required based on detection of a presence/absence of a
user. In such a situation, a control system may instruct a faucet or faucets 1o reduce water
volume. Presence/absence of a user may be determined via signals generated from a

presence sensor.

Data received from a plumbing device may be analyzed {2.g., regression analysis,
Monte Carlo simulation, averages, eic.), and based on the analysis water usage at a particular
device may be modified. Data from more than one device may be aggregated and combined
together for analysis, and as additional data is generated by the devices, that data may be
added to the previously collected data and analyzed. In an example, if a data storage limit is
present, the system may replace the oldest data saved with new, updated, or more recent dala.
Data may be collected in any number of ways. Collection and/or analysis of data may occur on
a predeterminad basis. In an example, analysis of data may occur on a periodic basis
{e.g., every hour, every day, every week, &ic.) or, may occur as data is received and combined

with previous data.

Faucets and/or sinks may be coupled 10 one or more internet connected devices (e.g.
internet-of-things or 1oT devices). Devices may include a computer, a tablet, phone, mobile
device, components of fixtures or fitlings (2.g. valves, sensors, efc)), appliances, and/or fixiures
within a building (8.g. a sink, shower, bathtub, faucet, toilet paper dispenser, paper towsl
dispenser, soap dispenser, other sanitaryware, tollet, urinal, bidet, refrigerator, freszer,
dishwasher, drinking fountains, water features, etc). IoT devices may have two-way
communication such that the faucets, sinks and/or 10T devices may each send and receive
signails, instructions, daia, etc. Signals may be associated with a function of a faucet and/or foT

device. Two-way communication may be wired, wireless, PAN, Bluetooth® {(8.¢. shortrange

211 -
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wireless communication), other low power wireless, short range communication, or
combinations thereof. For example, a faucet or sink may communicate a status (e.q. leak, siow
drain, cleaning cycle, dispensing, waler volume, dispensing time, eic.} to an loT device. A
status of a faucet or sink may be dstermined in accordance with the communication. An o7
device may evaluate a status of a faucet or sink, compare it o a database of predsterminsd
instructions, and send a corresponding instruction back to the faucet or to a component coupled
to the faucet. Alternalively or additionally, an loT device may evaluate a status of a faucet or
sink and communicate predetermined instructions {0 a third loT device. For example, an loT
device may send instructions to a shut-off valve or angle stop vaive associated with a faucet to

open or close, thus opening or closing the water flow to the faucet.

Components of a connected system may be in electrical communication (8.q.,
connectivity) with each other. That is, componentis or devices of a connected system may be in
electrical communication with other components or devices, such as sensors, controilers,
computing devices, internet devices, a central cloud/server, sanitaryware devices {(or the other
devices described herein) etc.  Elecirical communication may allow for fransmission o and/or
from each component or device, Electrical communication may include transmission of data,
information, instructions, status, etc., or combinations thereof. Electrical communication may be
one-way, fwo-way, and/or multi-way communication. Such communication can ocour via half-
duplex or fuli-duplex. Electrical communication may be between faucets, sinks, parts, power
sources, flush valves, toilets, urinals, oT devices, sic. Electrical communication may be wired
andfor wireless. Electrical communication may be through a gateway. Electrical communication
may include transmission of slectrical signals that include data, information, instructions, etc., or

combinations thereof.

in an embodiment, a control system may be programmed with an algorithm to determine
an optimal faucst water dispensing volume and/or time. An algorithm may take into account a
duration threshold of a presence sensor, a duration of the presence sensor, and/or a sensed
water volume or time reading. Water volume may communicated from a flow meterto a
controlier and water dispensing time may be measured and communicated by a controller. In
some embodiments, stored information on a history of a faucet at a particular time of day, orin a
particular location, or other stored information may be used {o instruct a fauce! o dispense a
certain volume of waler and/or for a certain time period. A sysiem may provide water faucet

water savings by for example reducing a number of second (repeat) activations by a single user,
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or by not allowing water flow after a user has left a faucet. In some embodiments, a flow meter
may comprise a pressure sensor, a Hall Effect sensor, 3 turbine sensor, a propelier sensor, or

an ultrasonic sensor.

A particular water use event, or faucet or sink status indicated may be communicated to
a device (e.g. a cloud/server) to log and/or monitor operation of the faucet. Information thatis
fogged may be used for a variety of purposes, for example, for budget planning, LEED
validation, tenant marketing, return on investment, future investment, and/or management of
consumable products (e.g. cleaning fluids, detergents, deodorizers, toilet paper, eic.).
information may be used to monitor faucet use habits or activities and the metrics of the same
of a user. This may be heipful in hospitals, where patient faucet activities and melrics of the
same may be monitored and logged for health care purposes. Information may be used for
influence of code agencies with data. information may be used o monitor waler usage of a
faucet or collection of faucets and thus monitor water usage of all faucets in a building. This
may allow for potential of water savings based billing. Information may be used for customer
marketing. Information may be used o control a same faucet at a future time and/or to conirol

another faucet or collection of faucets.

Monitoring and logging of dispensed water volume and dispensed water flow time
initiated with each use of a faucel, may improve overall efficiencies of a faucet or collection of
faucets. Tracking may allow a water supply to a building or buildings be carefully managed and
use of the water supply may be maximized. For example, @ building may be able to account for
higher usage of a water supply 0 a building at certain times of day, based on data logged from
a faucet or collection of faucels. Al these times, a control system may communicate with other
devices (2.g. other plumbing fdures or fitlings or devices controlling other plumbing fixtures or
fitlings) to reduce the water supplied to these devices during this time period. Thus, as
described, monitoring data may improve efficiencies of a faucet or faucet system by conserving

water through a faucet, collection of faucets, a building, or collection of buildings.

An ability of faucet system to determine a leak event and take appropriate action {e.q.
closing an angle stop valve and/or shutling off water flow {0 a faucet or collection of faucets)
may have disaster prevention advantages, may allow for higher availahility and/or lower
downtime of a fauce! system, may allow for a cleaner restroom, and may improve client
satisfaction. In some embodiments, a faucet may be associated with a flow meter. For
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example, a faucet may have a flow meter associated with a cold water source, or may have a
flow meter associated with both a cold water source and a hot water source. In some
embodiments, a control system is configured {o monitor a flow meter after a faucet has been
used and a solencid valve has been moved from an open position {o a closed position, and to
recognize a leak event if a flow meter indicates water flow above a predetermined threshold
value. In some embodiments, a threshold value may be about 0.5 liters/min or about 0.6
filers/min. In some embodiments, water flow at or above a threshold valve is sensed after a

safety timer has elapsed after faucst use.

A control system may initiate a task request or service ticket to a technician or analyst {o
repair or replace a faucel. A control system may send instructions 1o an angle stop to shut
source water flow o a faucet until i can be serviced. This will provide for water savings and
prevent damage (o a bathroom or building. A faucet status may be communicated {o a
computing device and/or cloud/server to log and/or {o monitor.  Information may be used o
monitor overall health of & building by location and over time {e.g. over the life of a faucst or
collection of faucsts). Information may be used {0 monifor trends (e.g. trends in leaks), poor
plumbing, and/or vandalism, etc. Information may be used o monitor building plumbing health
by age, type, location, and/or time. Monitoring and logging of leak events may improve the
overall efficiencies of a system. Tracking may allow a collection of faucets within a building and
the water supply of the building to be carefully managed. For example, monitoring a number of
times leak avents occur may allow for preventative maintenance or early diagnoesis of a failure,
A gystem may also communicate with other faucets or faucst systems {o allow for compensation
for out of service faucets. Furthermore, it may allow technicians and/or janitors o improve
efficiencies in managing plumbing fixtures and filtings in a bullding. Knowing (the time, location,
and severity of a leak may allow for a technician and/or plumber to arrive properly prepared to
address the problem. A location of leaks or malfunctioning faucets may be mapped for a
technician and/or janitor. This may also allow a technician and/or plumber to address more than

one problem faucet at a single time,

According to some embodiments, a sink associated with a faucet may be associated
with a sensor to determine a clogged or slow drain. In some embodiments, a sensor may
comprise an ulirasonic sensor or a capacitive sensor. In some embodiments, a sensor may be
positioned on a sink underside, or on a sink trapway. An ability of a faucet system o determine

a clogged or slow sink drain and take appropriate action {e.g. closing an angle stop vaive and/or
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shutting off water flow to a faucet or collection of faucets) may have disaster prevention
advantages, may allow for higher availability and/or lower downtime of a faucet systern, may
allow for a cleaner restroom, and may improve client satisfaction. In some embodiments, a
drain sensor may be in wired or wireless communication with a controlier associated with a
faucet.

A control system may initiate a task request or service ticket or send an e-mail to a
technician or analyst to repair or replace a clogged trapway. A control system may send
instructions to an angle stop o shut scurce water flow {0 a faucet until @ sink can be serviced.
This may prevent damage o a bathroom or building. A sink status may be communicated to a
computing device and/or cloud/server to log and/or to monifor. Information may be used o
monitor overall health of a building by location and over time {(e.q. over the life ofa sink or
collection of sinks). Information may be used o monitor trends {e.g. trends in clogs/siow
drains}, poor plumbing, and/or vandalism, etc. Information may be used to monitor buiiding
plumbing health by age, type, location, and/or time. Monitoring and logging of clog or slow drain
evenis may improve the overall efficiencies of a sysiem. Tracking may aliow a collection of
sinks within a buiiding and the water supply of the building to be carefully managed. For
example, monitoring a number of times clogs or slow drain events occur may allow for
preventative maintenance or 2arly diagnosis of a failure. A system may alse communicate with
other faucets or faucet systems o allow for compensation for out of service faucets,
Furthermore, it may allow technicians and/or janitors to improve efficiencies in managing
plumbing fixdures and fittings in a building. Knowing (the time, location, and severity of a clog
may allow for a technician and/or plumber o arrive properly prepared o address the problem.
A location of clogs or slow drains may be mapped for a technician and/or janitor. This may also

allow a technician and/or plumber to address more than one problem faucet at a single time.

in some embodiments, an angle stop may be in wired or wirsless communication with a
controlier, and the controlier may be configured to send instructions o an angle stop to close
upon indication and determination of a leak event or a clog/slow drain event. A technician may
be able to send instructions from a computing device {o re-open an angle stop upon completion

of a repair.

In some embodimenis, a control system may be able to monitor battery status and may

allow for initiation of a service ticket, inventory managemen, service planning, proactive repair
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and/or battery replacement, monitoring of baltery life versus other trends, sic. A baltery status
may be communicated {0 a computing device and/or cloud/server to log and analyze. For
example, monitoring of a battery status may allow for preemptive recharging or replacement of
batteries to avoid or prevent functions of a faucst from being inoperable due to an inoperable
battery. Thus, monitoring and logging of the battery status may improve the overall efficiencies

of a system. Electric power may be delivered via a battery and/or a building power supply.

in some embodiments, if a battery drops below a threshold, for instance about 5.6V, a
computer device and/or a cloud server may issue an alert to notify a technician or analyst,
allowing time to replace and/or recharge the battery. In some embodiments, if a battery power
drops below a lower threshold, for instance about 5.4V, a control system may be configured to
“shut off” a faucet or collection of faucets, for instance directing a solenoid to remain closed, as

well as o alert a technician or analyst.

In some embodiments, a control system may be configured {0 monitor water pressure
and may provide for adjusting a water dispensing time based on pressure, thus allowing for
water savings. A cold water source line or both & cold water source line and a hot water source
line upstream of a faucet or a collection of faucets may comprise a flow meter or pressure
sensor. A control system may adjust water dispensing time in response to water pressure being
above or below a predetermined level or range, in order to ensure dispensing a consisient
volume of water per use. A dispensing time relates to a tims a faucet solenoid valve is in an
open position. In some embodiments, a control system may be configured {o adjust a position
of an angle stop upstream of a faucet or a collection of faucets in response t© a measured water
pressure. Predetermined waler pressure levels or ranges may be programmed in a control
system, and may be updated based on historical data of a faucet, a faucet system, or other
faucet systems. Accordingly, a faucet or a collection of faucels may maintain a desired water

pressure as a control system may respond to a monitored or sensed change in waler pressure.

Water pressure may be communicated to a computing device and/or a cloud/server to
log and/or monitor operation of a faucet system and may be logged for a variety of purposes.
For example, information may be used {o initiate a service ticket and/or send an e-mail o a
technician. Information may be used to facilitate troubleshooting (e.9. cost savings, less lime
diagnosing issues, fixing issues with one visit, bringing the right parts and tools for repair,

sending requests o a correct department or individual}, Information may be used for trends
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{(2.g. building plumbing health by age, type, location, lime, sanitation system, etc.}. Monitoring

and logging of water pressure may improve the overall efficiencies of a system.

in some embodimeants, a control system may be configurad to monitor faucst use, and
may allow for an ability to determine faucet availability, metering, real-time bathroom availability
by location, and efficient building design. Faucet use may be communicated {0 a computing
device and/or cloud/server to log and/or monitor the operation thereof. For example,
information may be used o monitor how, when, and how freguently a bathroom, a faucst, or
other bathroom fixiures are being used. Information may be used {o determine trends in
bathroom usage. information may be used {o determine a frequency and level of cleaning and
maintenance. Fredictive analytics in combination with sensor information and information from
surrounding devices may be used {o determine a use frequency of a faucet device (e.g., if the
frequency of use is {oo low or oo high). For example, a controller may determine a condition is
an uncharacteristically high or low use level of a faucet compared to historical data or fo
historical data of ancther faucet or faucet system. Information may be used to determine
sarvice planning, monitoring how restrooms are utilized by building type, and develop bathroom
availability messaging. Thus, monitoring and logging of faucet use may improve overall

efficiencies of a system.

In some embodiments, a control system may be configured to count a number of
activations (faucet on/off events) and {0 recommend proactive/pradictive maintenance that may
be required based on the number of activations. For example, certain components, such as a
piston assembly or solencid may require replacement or maintenance after a certain number of
activations. In some embodiments, a control sysiem may be configured to indicate
maintenance may be required based on a number of activations, or based on a componant
fifetime. In some embodiments, a controf system may be configured to send an alert through a
mobile app or a dashboard indicating that maintenance may be required based on an activation
count threshold, or a time threshold, whichever comes first. In some embodiments, a technician

may be able o determine a componant remaining lifetime via a mobile app or dashboard.

in some embodiments, a connected system may communicate with an analyst, a janitor,
or a technician. A persen may remctely operate (2.g. via wireless communication, a computing
device dashboard, or combination thereof) a faucet, a collection of faucets, or other components

of the connected system. A person may send instructions via a dashboard on one or more of 8
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tablet, mobile device, or computer to a controller associated with a faucet or a collection of

faucets. A person may thus confrol, maintain, and/or repair faucets remotely.

in some embodimeants, a faucet or faucet system may include a cleaning or thermal
disinfection cycle. A person {2.g. janitor or janitorial staff, homeowner, others) may instruct
{e.g., via a computing device dashboard) a faucst or collection of faucets o enter a cleaning
mode. A person may send instructions according to a scheduled cleaning program,
alternatively, a computer may send programimed instructions automatically according to a
predetermined schedule. In an embodiment, a control system is configured to instruct one or
more faucets 1o perform a thermal disinfection cycle, wherein hot water is dispensed from the
one or more faucets for a programmed time period. In some embodiments, a cleaning cycle
may be performed according to a predstermined schedule; in other embodiments, a cleaning
cycle may be performed after a centain number of faucet uses or afier a cerlain volume of water
has be dispensed by a faucet.

In certain embodiments, a faucet may be programmed to enter a cleaning mode when a
customer checks out of a holel or lodging room, a signal may be sent to a faucet controller. A
faucet or collection of faucets may be cleanad remotely and/or selectively, according to nesds of
a particular faucet or in response o instructions from a user. Activation of a cleaning mode may
allow for simple and fast cleaning of a faucet or faucet system. Performance of a cleaning
mode or thermal disinfection cycle may be monitored and recorded by a control system,

indicating a faucet or coliection of faucets has been cleansd.

Thermal disinfection may be particularly important for facilities in health care setlings, for
example hospitals, nursing homes, etc., as well as food processing and/or restaurant settings.
in some embodiments, a thermal disinfection cycle may comprise dispensing water at a
temperature of about 70°C or greater for a period of from about & minutes to about 30 minutes.
Such a treatment is effective towards preveniing growth and/or killing of bacleria. A disinfection
cleaning mode may be programmed to be performed for example once per day, once per week,
once per a set number of days, afier so many uses, on demand, efc. A disinfection cleaning
mode may be programmed {o be performad at a time when it is known a faucet will not be in
use.
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in some embodiments, a control system may be configured to send instructions o a
faucet t© enter an “auto-purge” mode. An auto-purge mode may comprise periodically purging
stagnant water from a faucet and supply lines. Purge frequency may be programmed and
adjustable through a mobile app or dashboard. In an embodiment, a purge may comprise
dispensing water for several minutes, for example from about 30 seconds to about 2 minutes, or
ahout 3 minutes. A purge frequency may be programmed o occur for example once every 12

or 24 hours. A purge may be instrucited on demand.

in an embodiment, a control system may comprise a timer. For example, a timer may
record a time a presence sensor is blocked or in a “use” state. In some embodiments, a control
system may be configured to instruct a solenocid valve 1o remain closed if a presence sensor is
blocked for an extended fime pericd, for example from about 45 seconds, from about 50
seconds, or from about 55 seconds, to about 80 seconds, or more, A threshold time is

programmable, for example programmable via a computer device dashboard or a mobile app.

in some embodimenis, a faucet may be configured to enter a “cleaning mode” — different
from a thermal disinfection mode. For instance, a technician may shut off a faucet via a
computing device in order to clean a sink, faucet, and/or countertop. After cleaning, a

technician may be able to re-activate the faucet.

in some embodiments, a drain sensor and/or a flow meter may be in a “sleep” mode,
that is, not emitting signals and/or communicating signals to a controller. Upon a presence
sensor determining that a user is present, a controller may instruct a drain sensor and/or a flow
meter to “‘wake up” and transmit and receive signals and relay the information to a controller. In
some embodiments, a sleep mode may include periodic (regular or irrequiar intervals) “waking”,
where a drain sensor and/or a flow meter will emit and receive signals to check for water
pressure. If notin a sleep mode, a faucet assembly may be in an active mode, where one or
more associated sensors or flow meters are emitting signals and/or communicating signals to a

controller.

in some embodiments, a control system may monitor weather and provide instructions o
a faucet, collection of faucets, or other components based on the weather. A control system
may refrieve information from a cloud {e.g., from a weather service, weather channel, weather

application, efc.) as to impending weather. lf, for example, the weather is very cold, a control
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systern may be configured to instruct small, periodic releases of water from a faucet to prevent
pipes from freezing. In another embodiment, if the weather is very hot and/or if a faucet is
continuously or intermittently exposed to the elements, the control system may instruct smaill,
periodic releases of water from a faucet to prevent evaporation of the water within a sink
trapway and thus exposure of sewer gases. In another embodiment, if a faucet has not been
employed within a programmed time period, for example several days or a week, a control
sysiem may be configured fo instruct a release of water sufficient to form a water seal in a sink

trapway.

A connected system may facilitate maintenance and control of one or more faucets in
the system. For example, a system may include all faucets in an office buildingoron a
particular floor of an office building. A control system may monitor each individual faucet andfor
sink. A system may use information from a single faucet or sink, or from a group of fauceis or
sinks, {o determine a condition of the plumbing, each faucet or sink, or a collection of faucets or
sinks. A control system may notify a facilities manager or other personnel of a condition
requiring maintenance, a condition requiring preventive mainienance, identity of problem
fixtures or plumbing, in order to minimize water usage and otherwise optimize a building system.
in one example, a connected system may be emploved in a hospitality setting, such as a hotel
orinn. A system may monitor faucets and sinks within the system, perform maintenance and

cleaning, place fixtures out of service, and ctherwise control the components within the system.

in some embodiments, a connected system may collect, share, and act on information
generated from a faucet system as well as external behavior data from other similar or dissimilar
systems. Similar systems may include other faucets and/or sinks. Dissimilar systems may
include toilets and/or urinals, weather services, date and time management sarvices, stc. For
example, during hot summers, a prolonged lack of use of a faucet can result in a sink trapway
water seal o evaporate. In such an event, if a sink in a system of faucets and sinks detects a
mechanical water seal compromise, the information can be shared with the tolal system to
make necessary adjustment {0 maintain mechanical water seal. Likewise, during colder winter
days, the system can be used {o automatically dispense small amounts of water (o prevent
freezing of the plumbing. In other embodiments, a system is capable of detecting water leaking
into a sink trapway and a change in water line pressure. A control system may be configured {o
notify a technician or analyst of waier leaks or other fallures. A control system may be

configured to automatically adjust faucet water dispensing fime o regulate water volume in an
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gvent of change in waler line pressure. Events may be communicated {o a technician or analyst
via wireless of wired digital communication methods. Furthermore the current sensing capability

may allow reports of abnormal water levels in faucets.

in some embodiments, a controlier, a battery, and an antenna are positionsd in a
housing. An antenna may be associated with a controller and configured to communicate with a
computing device and/or a gateway. Communication may be wireless. In some embodiments,
gach faucet is associated with @ single controller and battery, which may be positioned in a
housing under a deck or countertop. In other embodiments, a plurality of faucets may be

associated with a same controlier.

in some embodiments, a faucet or a collection of faucets may be associated with a
manual actuator, for example a button, switch, knob, etc. A manual actuator may be positioned
on or near a faucet. In other embodiments, a manual actuator may be positioned under a deck
or countertop. In some embodiments, a manual actuator may be positioned on a housing
having a coniroller and batlery. In some embodiments, a manual actuator may be employed to
turn a faucet or collection of faucets on/off. In some embodiments, @ manual actuator may be
emploved to put a faucet or collection of faucets in an active mode {(from a sleep mode), in a
sleap mode, in a thermal disinfection mode, a cleaning mode, or an auto-purge mode. In some
embodiments, a manual actuator may be emplovyed to calibrale a sensor or sensors. In some

embodiments, a manual actuator may be in wired electrical communication with a controlier,

In some embodiments, a faucet or collection of faucets may be associated with one or
more LED light indicators. For example, a light indicator may indicate a battery life or a faucet

mode.

in some embodiments, a faucet presence sensor may be in electrical communication
with a controller via a wired conneclion. in some embodiments, a faucet solenoid valve may be
in wired slectrical communication with a controlier. In some embodiments, ong or more flow

meters associated with a faucet may be in wired electrical communication with a controiler,

in some embodiments, a connecied system comprising a plurality of faucets may aiso
comprise a plurality of connected foilets. In some embodiments, a connected system may

comprise a plurality of connected faucets, a plurality of connected toilets, and a plurality of

L21-



WO 2022/251105 PCT/US2022/030515

connected urinals. Connected toilets and urinals may be associated with a controller positioned
in a flush valve, configured to wirslessly communicate with a computing device and/or a
gateway. A connecled system may comprise other connected features, for instance paper

towel dispensers, soap dispensers, efc.

A plurality of connected devices may be positioned in a single bathroom, in multiple
hathrooms, in most or all bathrooms of a buiiding (e.g. an office building, transportation hub,

atc.), most or all bathrooms on an office or coliege campus, etfc.

in some embodiments, a faucet may be configured to be g “stand-alone” device,
configured to communicate with a technician’s portable computing device. In some
embodiments, a stand-alone faucet may be integrated info a connected system through a

gateway.

A term “connected” may mean plumbing devices and/or computing devices are able {o

communicate, either via a wired connection or a wireless connection.

A status may be a normal, operational status, or may be a status indicating attention or
maintenance may be required. In some embodiments, a status may be a leak, a slow drain,
presence of a user at a faucet, a supply line water pressure, a battery life (e.q. remaining life), a

combination thersof, etc.

In some embodiments, a detected status may indicate attention is required. In some
embodiments, a connected system may send a message to a technician, for example an e-mail

message, providing information regarding which faucet may require what repair or maintenance.

in some embodiments, certain events are recorded, stored, and reported via a control
system. For example, events may include a total number of faucet uses (e.q. presence sensor
activations} in a certain time period, total number of faucet uses since instaliation, total number
of activations since battery change, total run time {(water dispensing time} in hours since
instaliation; total number of leak events since installation, total number of leak events over a
certain time period, total number of slow drain events since instaliation, total number of slow
drain events over a certain time period, and tolal number of events having timestamps for auto-

purge, cleaning mode activation, thermal disinfection, safety timer activation, low battery svents,

L27 .



WO 2022/251105 PCT/US2022/030515

and battery replacements. A certain time period may be for example a last 30 days, a last 60
days, a last 120 days, a last 180 days, sic.

in some embodimeants, & total water usage may be determined by counting a number of

presence sensor activations.

Following are some non-limiting embodiments.

in a first embodiment, disclosed is a connected faucet system, comprising a plurality of
faucets, each faucet associated with a presence sensor, a solenoid valve, a flow meter, and a
controlier, wherein the presence sensor, the solenoid valve, and the flow meter are in electrical
communication with the controller; and a control system comprising the controllers and a
computing device, wherein the controliers are configured o communicate with the computing
device directly and/or via a gateway, the control system is configured o collect data from the
presence sensors and the flow meters, and the control system is configured o determine a
status of each faucet based on the data. In an embodiment, each faucet of a plurality of faucets
may be associated with a presence sensor of a plurality of presence sensors, with a solenoid
valve of a plurality of solencid valves, and with a flow meter of a plurality of flow meters. Inan
embodiment, each faucet of a plurality of faucets may be associated with a controller of a
plurality of controllers. In another embodiment, a single controller may be associated with a
plurality of faucets. In some embodiments, each faucset may be associated with a flow meter

associated with a hot water source and with a flow meter associated with a cold water source.

In a second embodiment, disclosed is a connected system according to embodiment 1,
wherein the connected system comprises a plurality of faucets and a plurality of toilets. Ina
third embodiment, disclosed is a connected system according to emboediments 1 or 2, wherein
the connected system comprises a plurality of faucets, a plurality of toilets, and a plurality of

urinals.

in a fourth embodiment, disclosed is a connected system according to any of the
preceding embadiments, wherein the plurality of faucetls comprises a collection of faucets in a
hathroom, a collection of faucets in multiple bathrooms, or a collection of faucets in multiple
buildings.
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in a fitth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the control system is configured {0 initiate an action based on
the status. In a sixth embodiment, disclosed is a connected system according fo any of the

preceding embodiments, wherein a technician may initiate an action via the computing device.

In a seventh embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the computing device comprises a desktop computer, a laptop

computer, mobile device, or a combination thereof.

in an eighth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the status is selected from a leak deteclion, a slow drain, a
faucet usage, a supply line water pressure, a hattery life, and combinations thereof, and wherein

the control system is configured o initiate an action based on the status.

in a ninth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the control system is configured {o initiate an action based on
the status, and wherein the action is selected from instructing the solenoid valve to open,
instructing the solenoid valve to close, initialing a service ticket, adjusting a duration of time a
valve remains open, monitoring usage of a bathroom, instructing an angle stop to close, sending

a message to a technician, and combinations thereof.

in & tenth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the controliers are configured to communicate with a
cloud/server via a gateway. In an eleventh embodiment, disclosed is a connected system
according o any of the preceding embodiments, wherein the computing device is configured to

communicate with a cloud/server.

In a twelfth embodiment, disclosed is a connecled system according fo any of the
preceding embodiments, wherein the computing device is configured o send instructions to the

controlier, and the controller is configured 1o initiate an action in response.

in a thirteenth embodiment, disclosed is a connected system according to embodiment
10, wherein the cloud/server is configured o send instructions o the controller via the galeway,

and the controller is configurad to initiate an action in responss.
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in a fourteenth embodiment, disclosed is g connected system according o embodiment
11, whersin the computing device is configured fo receive instructions from the cloud/server and
to send the instructions to the controlier, and wherein the controlier is configured o initiate an

action in responsse.

In a fifteenth embodiment, disclosed is a connected system according to embodiment
16, wherein the computing device or the cloud/server is configured to send instructions to the
controlier based on programmed instructions and/or data stored on the computing device or the

cloud/server.

in a sixteenth embodiment, disclosed is a connected system according to embodiment
11, wherein the computing device or the cloud/server is configured o send instructions o the
controlier basad on programmed instructions and/or data stored on the computing device or the

cloud/server.

in a seventsenth embodiment, disclosed is a connected system according o any of the
preceding embodiments, wherein the conirol system is configured to analyze, aggregate, store,

and log the data.

in an sighteenth embodiment, disclosed is a connected system according to any of the
preceding embadiments, wherein the control system comprises a dashboard having visual

modules and configured to monitor, display, and analyze the data.

in a nineteenth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the control system is configured to monitor data sselected from
historical data, performance over time, bathroom traffic, faucet or sink usage, sanitary ware

usage, and combinations thergof,
in a twentieth embodiment, disclosed is a connected system according {o any of the

preceding embadiments, wherein the control system is configured to provide a daily, monthly, or

vearly status of an individual faucst or of the plurality of faucets.
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in a twenty-first embodiment, disclosed is a connected system according o any of the
preceding embodiments, wherein the control systerm is configured {o allow 2 {echnician to

monitor the status of the faucets remoilely with the computing device.

in a twenty-second embodiment, disclosed is a connected system according to any of
the preceding embodiments, wherein the control system is configured to initiate an action based
on the status, external data, or a combination thereof. In a twenty-third embodiment, disclosed
is a connected system according to embodiment 22, wherein the external data is data from

weather services or from date and time management services.

In a twenty-fourth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the control system is configured {0 instruct one or more
faucets 1o perform a thermal disinfection cycle, wherein hot walter is dispensed from the one or

more faucets for a programmed time period.

In a twenty-fifth embodiment, disclosed is a connected system according to any of the
preceding embodiments, comprising a flow meter associated with a faucst hot water source and
a flow meter associated with a cold water source, both positioned upstream of the solenoid

valve.

in a twenty-sixth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the control system is configured to monitor the flow meter
after the solenoid valve has been moved from an open position to a closed position, and to

recognize a leak event if the flow meter indicates water flow above g threshold flow rale.

in a twenty-seventh embodiment, disclosed is a connected system according to any of
the preceding embodiments, comprising a plurality of sinks associated with the faucets, wherein

each sink is associated with a drain sensor configured to detect a slow drain.
in a twenty-sighth embodiment, disclosed is a connected system according o any of the

preceding embodiments, wherein the presence sensor is an infrared sensor or a capacitive

SEnsor.
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in a twenty-ninth embodiment, disclosed is a connected system according to any of the
preceding embodiments, wherein the flow meter comprises a pressure sensor, a Hall Effect

SeNSor, of an ultrasonic sensor.

in a thirtieth embodiment, disciosed is a connected system according io any of the
preceding embodiments, wherein one or more faucets of the plurality of faucets comprises g

flow regulator aerator.

in a thirty-first emboediment, disclosed is a connected system according to any of the
preceding embodiments, wherein one or more faucets may be in a faucet mode selected from a
thermal disinfection mode, a cleaning mode, an active mode, a sleep mode, or an auto-purge

maode.

in a thirty-second embodiment, disciosed is a connected system according to any of the
preceding embodiments, wherein one or more faucets are associated with a manual actuator,

the manual actuator configured fo place a faucet in a faucet mode.

Following is another set of non-limiting embodiments.

in a first embodimeant, disclosed is a faucet system, comprising & faucet associated with
a presence sensor, a solencid valve, a flow meter, and a controller, wherein the presence
sensor, the solenoid valve, and the flow meter are in eleclrical communication with the
controlier, wherein the controller is configured to be in wireless communication with a computing

device and/or with a gateway.

in a second embodiment, disclosed is a faucet system according to the first
embodiment, wherein the gateway is configured (o be in wireless communication with a
cloud/server, and whersin the cloud/server is configured {0 be in wirgless communication with
the computing device. In a third embodiment, disclosed is a faucet system according to the first

or second embodiments, wherein wireless communication is two-way.

in a fourth embodiment, disclosed is a faucet sysiem according to any of the preceding

embodiments, wherein the faucet is associated with a sink, and wherein the sink is associated
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with a drain sensor configured to detect a slow drain. {n a fifth embodiment, disclosed is a
faucet systemn according to the fourth embodiment, wherein the drain sensor comprises a
capacitive sensor or an ulirasonic sensor. In a sixth embodiment, disclosed is a faucet system
according to the fourth or fifth embodiments, whersin the drain sensor is positioned on a sink
underside or on a sink trapway. In a seventh embodiment, disclosed is a faucet system
according to any of embodiments 4 to 6, wherein the drain sensor is in electrical communication
with the controller.

in an eighth embodiment, disclosed is a faucet system according to any of the preceding

embodiments, comprising a plurality of the faucets.

in & ninth embodiment, disclosed is a faucet system according fo any of the preceding
embodiments, whersin a conirol system comprising the controller, the computing device, and
the cloud/server is configurad o collect data from the presence sensor and flow meter, and to

determine a status of the faucst based on the data.

in a tenth embodiment, disclosed is a faucst system according o any of the preceding
embodiments, wharein a control system comprising the controller, the computing device, and
the cloud/server is configured to collect data from the presence sensor, flow meter, and drain

sensor and o determine a status of the faucet based on the data.

in an eleventh embodiment, disciosed is a faucet system according {o any of the
preceding embodiments, comprising a plurality of the faucets, wherein the faucets comprise a
collection of faucets in a bathroom, a collection of faucets in muitiple bathrooms, or a collection

of faucets in multiple buildings.

in a twelfth embodiment, disclosed is a faucet system according to embodiments 8 or
10, wherein the control system is configured to initigte an aclion based on the status. Ina
thirteenth embodiment, disclosed is a faucet system according to any of the preceding

embodiments, wherein a technician may initiate an action via the computing device.

in a fourteenth embodiment, disclosed is a faucet system according o any of the
preceding embodimentis, wherein the computing device comprises a deskiop computer, a lapiop

computer, mobile device, or a combination thereof.
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in a fifteenth embodiment, disciesed is a faucet system according {o any of
embodiments 8, 10, or 12, wherein the status is selected from a leak detection, a slow drain, &

faucet usage, a supply line water pressurs, a battery life, and combinations thereof,

In a sixteenth embodiment, disclosed is a faucet system according to any of
embodiments 8, 10, or 12, wherein the control system is configured to initiate an action based
on the status, and wherein the action is selected from instructing the solenoid valve to open,
instructing the solenoid valve to close, initialing a service tickst, adjusting a duration of time a
valve remains open, monitoring usage of a bathroom, instructing an angle stop to close, sending

a message to a technician, and combinations thereof.

in a seventeenth embodiment, disclosed is a faucst system according o any of the
preceding embadiments, wherein the controlier is configured to communicate with a
cloud/server via the gateway. In an sighteenth embodiment, disclosed is a faucet system
according io any of the preceding embodiments, wherein the computing device is configured fo

comimunicate with a cloud/server.

in a nineteenth embodiment, disclosed is a faucet system according to any of the
preceding embodiments, wherein the computing device is configured o send instructions {0 the

controlier, and the controlier is configured to initiate an aclion in response.

In a twentieth embodiment, disclosed is a faucet system according to embodiment 17,
wherein the cloud/server is configured to send instructions to the controller via the gateway, and
the controlier is configured {0 initiate an action in response. In a twenty-first embodiment,
disclosed is a faucet system according to embodiment 18, wherein the computing device is
configured to receive instructions from the cloud/server and 1o send instructions {o the

controlier, and wherein the controller is configured to initiate an action in response,

in a twenty-second embodiment, disclosed is a faucet system according to embodiment
17, wherein the computing device or the cloud/server is configured to send instructions to the
controlier based on programmed instructions and/or data stored on the computing device or the
cloud/server. In a twenty-third embodiment, disclosed is a faucet system according fo

embodiment 18, wherein the computing device or the cloud/server is configured to send
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instructions to the controlier basad on programmed instructions and/or data stored on the

computing device or the cloud/server.

in a twenty-fourth embodiment, disclosed is a faucet system according to any of
embodiments 8, 10, 12, or 16, wherein the control system is configured o analyze, aggregate,
storg, and log the data. In a twenty-fifth embodiment, disclosed is a faucet system according fo
any of embodiments 8, 10, 12, 16, or 24, wherein the control system comprises a dashboard

having visual modules and configured o monitor, display, and analyze the data.

in a twenty-sixth embodiment, disclosed is a faucet system according to any of
embodiments 9, 10, 12, 18, 24, or 25, wherein the control system is configured to monitor data
selected from historical data, performance over time, bathroom traffic, faucet or sink usags,
sanitary ware usage, and combinatlions thereof. In a twenty-seventh embodiment, disclosed is
a faucet system according to any of emboediments 9, 10, 12, 18, or 24-26, wherein the control
system is configured to provide a daily, monthly, or yearly status of an individual faucet or of the

plurality of faucets.

in a twenty-eighth embodiment, disclosed is a faucet system according o any of
embodiments 8, 10, 12, 16, or 24-27, whersin the conirol system is configured to allow a

technician to monitor the status of the faucets remotely with the computing device.

in & twenty-ninth embodiment, disclosed is a faucet system according to any of
embodiments 8, 10, 12, 18, or 24-28, wherein the control system is configured to initiate an
action based on the status, external data, or a combination thereof. in a thirtieth embodiment,
disclosed is a faucet system according (o embodiment 28, wherain the external data is data

from weather services or from date and time management services.

in a thirty-first embodiment, disclosed is a connected system according to any of
embodiments 8, 10, 12, 18, or 24-30, wherein the confrol system is configured to instruct the
faucets o perform a thermal disinfection cycle, wherein hot water is dispensed from the one or

more faucets for @ programmed time period.

in a thirty-second embodiment, disclosed is a faucet system according to any of the

preceding embodiments, comprising a flow meter associated with a faucet hot water source and
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a flow meter associated with a cold water source, both positioned upstream of the solenoid

valve.

in a thirty-third embodiment, disclosed is a faucet system according to any of
embodiments 8, 10, 12, 186, or 24-32, wherein the control system is configured to monitor the
flow meter after the solenoid valve has been moved from an open position o a closed position,

and to recognize a leak event if the flow meter indicates water flow above a threshold flow rate.

in a thirty-fourth embodiment, disclosed is a faucet system according to any of the
preceding embodiments, wherein the presence sensor is an infrared sensor or a capacitive
sensor, in a thirty-fifth embodiment, disclosed is a faucet system according to any of the
preceding embodiments, wherein the flow meter comprises a pressure sensor, a Hall Effect

Sensor, or an ultrasonic sensor.

in a thirty-sixth embodiment, disclosed is a faucet system according o any of the

preceding embodiments, wherein the faucel comprises a flow regulator aeraior.

in a thirty-seventh embodiment, disciosed is a faucet system according to any of the
preceding embodiments, wherein the faucet is configured 10 be in a mode selected from a
thermal disinfection mode, a cleaning mode, an active mode, a sleep mode, or an auto-purge

maode.

in a thirty-eighth embodiment, disclosed is a faucet system according fo any of the
preceding embodiments, wherein the faucet is associated with a manual actuator, the manual

actuator configured to place a faucet in a faucet mode.

The term “flow communication” or “fluid communication” means for example configured
for liquid or gas flow therethrough and may be synonymous with “fluidly coupled”. The terms
‘upstream” and “downstream” indicate a direction of gas or fluid flow, that is, gas or fluid will flow

from upsiream to downstream.

Likewise, “electrical communication” may mean "slectrically coupled”. Electrical

communication may be via wired connection or may be wireless,
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The terms “coupled” or “connected” may mean that an element is “attached {¢” or
“associated with” another element. Coupled or connected may mean directly coupled or
coupled through one or more other elements. An element may be coupled to an element
through two or more other elements in a sequential manner or a non-sequential manner. The
term “vig” in reference to “via an element” may mean “through” or “by” an element. Coupled or
connected or “associated with” may also mean elements not directly or indirectly attached, but

that they “go together” in that one may funclion together with the other.

The term “towards” in reference to a of point of attachment, may mean at exactly that
focation or point or, alternatively, may mean closer to that point than to ancther distinct point, for

example “towards a center” means closer to a center than {0 an edge.

The term “like” means similar and not necessarily exactly like, For instance “ring-like”

means generally shaped like a ring, but not necessarily perfectly circular,

The articles "a" and "an” herein refer to one or to more than one (e.g. at least one} of the
grammatical object. Any ranges cited herein are inclusive. The ferm "about” used throughout is
used to describe and account for small fluctuations. For instance, "about” may mean the
numeric value may he modified by £0.05%, £0.1%, £0.2%, £0.3%, 20.4%, £0.5%, 1%, 2%,
+3%, £4%, £5%, 8%, £7%, 8%, £0%, £10% or more. All numeric values are modified by the
term "about” whether or not explicilly indicated. Numeric values modified by the term “about”

include the specific identified value. For exampie "about 5.0" includes 5.0,

The term “substantially” is similar to "about” in that the defined term may vary from for
axample by 20.05%, £0.1%, £0.2%, £0.3%, £0.4%, £0.5%, 1%, £2%, £3%, £4%, +5%, £6%,
7%, £8%, £8%, £10% or more of the definition; for example the term “substantially
perpendicular” may mean the 80° perpendicular angle may mean “about 80°". The term

‘generally” may be equivalent to “substantially”.

Features described in connection with one embodiment of the disclosure may be used

in conjunction with other embodiments, even if not explicitly stated.
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Embaodiments of the disclosure include any and all parts and/or portions of the
emboediments, claims, description and figures. Embediments of the disclosure also inciude any

and all combinations and/or sub-combinations of embodiments.
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Claims

1. A connected faucet sysiem, comprising

a plurality of faucets, each faucet associated with a presence sensor, a soienoid valve, a flow
meter, and a controlier, wherein the presence sensors, the solenoid valves, and the flow
meters are in electrical communication with the controllers; and

a control system comprising the controllers and a computing device,

wherein

the controliers are configured to communicate with the computing device directly andfor via a
qaleway,

the control system is configured o collect data from the presence sensors and the flow meters,
and

the control system is configured to determine a status of each faucet based on the data.

2. The comnnected faucet system according to claim 1, whearein

the controliers are configured {o be in wireless communication with the computing device and
the gateway,

the gateway is configured to be in wirgless communication with a cloud/server,

the cloud/server is configurad {o be in wireless communication with the computing device, and

the controliers are configured to communicate with the cloud/server via the gateway.

3. The connected faucet system according to claim 2, wherein the computing device and the
cloud/server are configured to send instructions {o the controllers, and the controllers are

configured to initiate an action in response.
4. The connected faucet system according to claim 3, wherein the computing device and/or the

cloud/server are configured to send instructions to the controllers based on programmed

instructions and/or data stored on the computing device or the cloud/server.
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§. The connected faucet system according o claim 3, wharsin the computing device is
configured to receive instructions from the cloud/server and {o send the instructions to the

controliers, and wherein the controllers are configured to initiate an action in response.

8. The connectad faucet system according to claim 1, wherein the status is selected from a leak
detection, a slow drain, a faucet usage, a supply line water pressure, a battery life, and
combinations thereof, and wherein the control system is configured to initiale an action based
on the status.

7. The connected faucet system according to claim 1, wherein the control system is configured
to initiate an action based on the siatus, and wherein the aclion is selecled from instructing the
solencid valve 10 open, instructing the solencid valve {o close, initiating a service ticket,
adjusting a duration of ime a valve remains open, monitoring usage of a bathroom, instructing

an angle stop to close, sending a message o a technician, and combinations thereof,

8. The connected faucel system according to any of claims 1 to 7, wherein the control system is
configured to allow a technician to monitor the status of the faucets remotely via the computing
device.

8. The connected faucet system according to any of claims 1 fo 7, wherein a technician may

initiate an action remotely via the computing device.

10. The connected faucet system according to any of claims 1 to 7, wherein the control system
comprises a dashboard having visual modules and configured fo monitor, display, and analyze
the data.

11. The connecied faucet system according to any of claims 1 to 7, comprising a plurality of
sinks associated with the faucels, wherein gach sink is associated with a drain sensor

configured to detect a slow drain.
1Z2. The connected faucst system according to any of claims 1 to 7, whersin the control system

is configured to instruct one or more faucets to perform a thermal disinfection cycle, wherein hot
water is dispensed from the one or more faucets for a programmed period of time.
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13. The connected system according o any of claims 1 to 7, wherein one or more faucets may
be in a faucet mode selected from a thermal disinfection mode, a cleaning mode, an active

mode, a sleep mode, and an auto-purge mode.

14. The connected faucst system according to any of claims 1 to 7, whersin one or more
faucets are associated with a manual actuator, the manual actuator configured 1o place a faucst

in a faucet mode.

18, The connecied system according {o any of claims 1 to 7, wherein the controf system is
configured to monitor the flow meter after the solencid valve has been moved from an open
position 1o a closed position, and o recognize a leak event if the flow meter indicates water flow

abovea a threshold flow rate.

18. The connected faucet system according to any of claims 1 to 7, comprising a flow meter
associated with a faucet hot water source and a flow meter associated with a cold water source,

hoth positioned upsiream of the solenoid valve.

17. The connecied faucet system according to any of claims 1 to 7, wherein the control system

is configured o analyze, aggregate, store, and log the data.

18. The connected faucet system according o any of claims 1 to 7, wherein the control system
is configured to monitor data selected from historical data, performance over time, bathroom

traffic, faucet or sink usage, sanitary ware usage, and combinations thereof.

18. The connected faucet system according to any of claims 1 to 7, wherein the control system
is configured o provide a daily, monthly, or yearly status of an individual faucet or of the plurality

of faucets.

20. A faucet system, comprising a faucet associated with a presence sensor, a sclenoid valve,

a flow meter, a coniroller, and a manual actuator,

wherein the presence sensor, the solenoid valve, the flow meter, and the manual actuator are in
wired electrical communication with the controlier, and wherein the controller is configured o be

in wireless communication with a computing device.
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